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MEMORY TRACES AND THE (ANTI)CAUSALISM DEBATE 

 

Abstract 

One of the most important debates in the philosophy of memory is the causalism versus 

post-causalism debate. On the one hand, causalists defend the thesis that remembering 

requires a causal link via memory traces to a past experience. On the other hand, post-

causalists deny that such causal link is necessary for remembering. Recently, some 

philosophers have suggested that Simulationism, particularly its anti-causalist thesis, is 

inconsistent with empirical findings about memory traces. In this paper, I analyze these 

findings and argue that although many of them favor Causalism and seem inconsistent 

with Simulationism, memory traces also provide data that are inconsistent with 

Causalism. For this reason, I defend that it is premature to dismiss any of these theories 

in light of the current evidence on memory traces. 

Keywords: Episodic memory; memory traces; engrams; memory systems; 

Simulationism; Causalism.  

 

1 Introduction 

One of the most important debates in the philosophy of memory is the causalism versus 

post-causalism debate. On the one hand, causalists defend the thesis that remembering 

requires an appropriate causal link to a past experience. On the other hand, post-causalists 

deny that an appropriate causal link is necessary for remembering. Recently, some 

philosophers have suggested that the simulation theory of memory (STM), a post-

causalist view, is inconsistent with empirical findings about memory traces (e.g. Robins, 

2023, forthcoming, De Brigard, forthcoming, Andonovski, 2024).1 As a consequence, 

they propose to reject STM and to return to the Causal Theory of Memory (CTM) (e.g. 

Robins, forthcoming) or at least a modification of the STM (De Brigard, forthcoming). 

 In this paper, I analyze the above-mentioned evidence and defend that, although 

many findings favor CTM and seem inconsistent with STM, there are some phenomena 

related to memory traces that CTM cannot account for perfectly, and that STM can 

account for. Given this dispute over the evidence, I will argue that it is premature to accept 

or reject either theory. Crucially, given the importance of the functional nature of memory 

 
1 Some philosophers make a distinction between engrams and memory traces (see Robins, forthcoming). 

In this paper, however, I will treat them as synonymous aligned with the scientific tradition (e.g. Kunz et 

al, 2018, Heinen et al, 2024). 
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traces for this theory choice, we need to gather more information about their functional 

nature in order to make a more informed choice. 

 The paper is organized as follows. In Section 2, I begin by answering a 

metatheoretical question in order to set out how I understand the causalism debate and 

what is at stake. Although many take it to be obvious and clear, the debate is not as well 

settled as some might think. I adopt the position that CTM and STM are hypotheses about 

the functional profile of the episodic memory system. Based on this metatheoretical 

discussion, I refine the CTM and STM hypotheses about the functioning of the episodic 

memory system (Section 3). Essentially, for CTM, the functional properties of the 

episodic memory system depend on the functional properties of the memory traces it 

manipulates. In contrast, STM rejects the functional characterization of memory traces. 

With these hypotheses clarified, I discuss evidence from memory traces and show how 

some findings favor CTM and are inconsistent with STM (Section 4). In Section 5, I turn 

to other memory trace findings and show that they are more consistent with STM than 

with CTM. I conclude in Section 6 with a cautionary note about rejecting either STM or 

CTM in light of recent evidence on memory traces. 

 

2 What is the point of dispute in the causalism debate? 

As stated at the outset of the paper, the CTM hypothesis posits the necessity of an 

appropriate causal link for remembering, a position that is rejected by the STM 

hypothesis. STM has two core theses (Michaelian, 2016, 2022, 2024, Michaelian et al., 

2025): 

 

Continuist thesis: remembering is a form of imagining because it results from the same 

underlying cognitive system that underlies imagining. 

 

Anti-causalist thesis: a causal link to the past is not necessary for remembering.   

 

At first sight, the disagreement between CTM and STM appears to be 

unambiguous, particularly because of the anti-causalist thesis. Nevertheless, the issue is 

not as straightforward as it may appear. The objective of classical CTM is to analytically 

define the concept of remembering (Martin & Deutscher, 1966). To provide such 

definition, Martin and Deutscher (1966) and Robins (2017) even considered possible 

creatures whose memory system was external to their body as having an evidential role 
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in their respective theories. In contrast, STM aims to provide a fruitful hypothesis for 

scientific contexts (Michaelian, 2016; Andonovski & Michaelian, 2024). Consequently, 

rather than wondering about imaginary creatures, STM defines remembering in terms of 

how human memory is likely to function, given current scientific evidence. As the aim 

and scope of CTM and STM are distinct, it is unclear why both cannot be successful 

simultaneously in their respective proposals.  

In fact, recent papers have indicated that, due to these discrepancies in 

methodology, CTM and STM are not mutually exclusive. For instance, Craver (2020) put 

forth the idea that CTM is effective in defining remembering for epistemic purposes, 

while STM is effective in defining remembering for empirical purposes. McCarroll and 

colleagues (2024) recognize that CTM defines remembering in ordinary contexts, 

whereas STM defines it in scientific contexts. Openshaw (2023) interprets the debate as 

a non-necessary tension, proposing that STM is a hypothesis about the psychofunctional 

features of episodic memory, while CTM is a hypothesis of how remembering refers to 

particular past events. Finally, Schirmer dos Santos and colleagues (2023) view STM as 

a descriptive definition of remembering, whereas CTM offers a normative definition. In 

none of these interpretations of the debate there is a definitive point of contention between 

CTM and STM.2 In particular, in the majority of these readings, CTM and STM are not 

in direct competition.  

These interpretations of the debate are essential for preventing mere verbal 

disputes in philosophy of memory. It is important to note, however, that some recent 

versions of CTM are hypotheses that provide empirical characterizations of remembering 

in scientific contexts. They offer a psychofunctional theory of episodic memory and are 

descriptive rather than normative (e.g., Werning, 2020; Robins, 2023; De Brigard, 

forthcoming; Andonovski, 2024). If the aforementioned interpretations of the debate are 

accurate, it is reasonable to conclude that certain versions of CTM can be in conflict with 

STM. To uncover the tension, it is necessary to discover the specific points of contention 

and determine their relevance. 

In terms of the relevance of the dispute, simulationists have recently asserted that 

STM is compatible with every instance of remembering being appropriately caused by 

the remembered experience (Andonovski & Michaelian, 2024). In another moment, 

Michaelian (2022) defends that one cannot find empirical evidence for necessity (see also 

 
2 To be fair, some of them have only Martin and Deutscher's version of CTM in mind when they defend 

that there is no direct tension between CTM and STM (e.g. Openshaw, 2023). 
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Michaelian et al., 2025). If the anti-causalist thesis is merely a modal thesis about how 

human memory could be, it is not pertinent to its objective of presenting a fruitful 

psychofunctional hypothesis for scientific contexts. Moreover, it is unclear how such a 

vague thesis could be empirically tested.   

In light of recent metatheoretical discussions and in search of a relevant dispute, 

it is of the utmost importance to define the point of dispute. In this section, I will briefly 

consider three desiderata for defining this point. Firstly, both theses (causalist and anti-

causalist) should have clear empirical consequences, aiming to avoid a loose modal 

interpretation of the debate (Desideratum 1). Secondly, both theses must be competing; 

that is, accepting one should lead to the rejection of the other (Desideratum 2). Ultimately, 

the point of contention must be derived from current causalist/anti-causalist arguments 

(Desideratum 3). This final desideratum simply requires that the point of dispute be 

derived from the existing debate, rather than introducing a new topic.  

These desiderata align with Michaelian and colleagues' (2025, p. 11-12, emphasis 

added) observation that the dispute between CTM and STM requires clarification in 

naturalistic terms—specifically, by having clear empirical consequences (Desideratum 1). 

They state “a question arises about how he ought to conceive of the simulationism-

causalism debate. If one can be a simulationist or a causalist without taking a stand with 

respect to NOCAUSE, it is far from clear what distinguishes the two families of theories.” 

The italicized portion suggests that a proper characterization must present the theories as 

distinguishable and, in this sense, competing (Desideratum 2). Finally, Desideratum 3 

aims to prevent a shift in the debate's focus, thereby avoiding the creation of an entirely 

new dispute. 

One possible interpretation of the point of dispute is that CTM and STM are in 

disagreement regarding the appropriate characterization of mnemic phenomena. 

Characterizations are particularly useful in scientific contexts because they identify stable 

patterns in a phenomenon and the conditions under which such patterns occur (Bogen & 

Woodward, 1988; Colaço, 2018). Characterizations have clear empirical consequences, 

as they point to patterns that encompass the majority, if not all, instances of a phenomenon 

(Colaço, 2018). In this sense, the causalist thesis would be a strong thesis about virtually 

all instances of mnemic phenomena, thus satisfying Desideratum 1. In other words, the 

causalist thesis posits that virtually all mnemic phenomena exhibit appropriate causation, 

whereas the anti-causalist theory suggests that not all such phenomena display this type 
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of causal link.3  On several occasions, it appears that STM is attempting to provide a 

characterization of mnemic phenomena. For instance, Michaelian (2016, p. 3) states that 

his objective is "an attempt to give an informative general characterization of 

remembering," and he views remembering as "a multifarious phenomenon" (2016, p. 5).   

Nevertheless, characterizations are mainly delimitation of the explanandum and 

do not represent the explanans (Craver & Darden, 2013; Colaço, 2018, 2020; Siegel & 

Craver, 2024). In contrast, some recent versions of CTM aim at providing a more 

substantial explanation of remembering by appealing to the functioning of an underlying 

system or mechanism (e.g., Werning, 2020; Robins, 2023, forthcoming; De Brigard, 

forthcoming). To provide a concrete example, Werning (2020; see also Fayyaz et al., 

forthcoming) develops a functional model of the episodic memory system, which he 

equates with his version of CTM in opposition to STM. Similarly, the arguments for CTM 

presented by De Brigard (forthcoming), Robins (forthcoming), and Andonovski (2024) 

are also grounded in the functional characterization of the episodic memory system or its 

underlying mechanisms. In alignment with this objective, STM also invokes the operation 

of an underlying system (Michaelian, 2016, 2024). 4 For instance, Michaelian's primary 

argument against CTM relies on an analysis of the episodic memory system's function 

(cf. Andonovski & Michaelian, 2024), and he further classifies types of remembering 

based on how that system operates (Michaelian, 2021). Therefore, an interpretation 

framing the debate as a dispute over the correct characterization of remembering as a 

scientific phenomenon fails to satisfy Desideratum 3. In contrast, reading it as a debate 

about the functional properties of the episodic memory system successfully meets this 

requirement, as it is grounded directly in the arguments advanced by causalists and anti-

causalists themselves. Similarly, Robins (2022) argues that, given the central role of the 

episodic memory system in current debates within the philosophy of memory, the focus 

has shifted. Rather than characterizing “remembering” as a superficial phenomenon, 

philosophy of memory “is now focused on characterizing a neurocognitive system, of 

which remembering is but a minor (and somewhat anomalous) component” (Robins, 

2022, p. 5, emphasis added). As I just argued, this shift also encompasses the 

(anti)causalist debate. 

 
3 In this case, the anti-causalist thesis would not be true in a world where every instance of remembering is 

appropriately caused by the remembered experience.  
4 If Openshaw (2023) is correct in characterizing STM as a psychofunctional hypothesis, then the 

interpretation I follow is consistent with the objective of STM. 
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In light of the above, I concur with Andonovski (2021) in viewing the CTM versus 

STM debate as a dispute over the functional profile of the episodic memory system. A 

hypothesis regarding the functioning of a cognitive system may be weakly informative, 

with its empirical consequences being unclear, or it may be strongly informative, with 

clear empirical consequences. A weakly informative hypothesis can be described as a 

statement indicating that a system tends to function in a particular manner, with specific 

inputs and produces a predictable output. However, as Andonovski (2021, p. 143) states: 

"A theory which tells us that ‘memories are caused by past experiences except when they 

aren’t’ would ring a lot of alarm bells and be rightfully treated as explanatorily suspect." 

Accordingly, if the CTM versus STM debate pertains to the functioning of the episodic 

memory system and aims at being strongly informative, these two theories should be 

regarded as hypotheses of exceptionless descriptions of a cognitive function.5 This is due 

to the fact that, rather than focusing on the act of remembering, which is the result of 

intricate interactions between numerous cognitive systems, the emphasis is placed on a 

specific system, namely episodic memory. This approach produces an idealized isolation 

of the episodic memory system (Allott et al., 2021; Andonovski, 2023). That is, in contrast 

to presenting a hypothesis about the characterization of remembering, a superficial 

phenomenon, recent versions of the CTM versus STM debate narrow their focus to 

proposing a hypothesis about the functional profile of the episodic memory system. In 

doing so, it idealizes and simplifies the object of research (Andonovski, 2023). 

Consequently, a hypothesis about the functioning of a system is typically based on the 

assumption that it is a constant and inherent characteristic of the system.6  

Such a strongly informative thesis about the functioning of the episodic memory 

system is crucial for satisfying Desideratum 1, that of having clear empirical 

consequences. In this way we can understand the scope of the modal thesis that anti-

causalists deny. When Michaelian (2022) says that one cannot find empirical evidence for 

necessity, he probably has in mind an all-possible-worlds scope of necessity. However, 

 
5 De Brigard (2024) refers to this as "biological necessity," which he distinguishes from modal/metaphysical 

necessity.  
6 This represents a realistic interpretation of hypotheses pertaining to cognitive systems. In this view, 

cognitive systems are entities that are clearly delineated in both theory and reality. Nevertheless, many 

scholars challenge this interpretation and propose a more pragmatic understanding of cognitive systems. 

They argue that cognitive systems are not concrete entities in reality but rather useful fictions that help us 

predict and control certain aspects of cognition (see Chirimuuta, 2024). In this paper, I adopt a realist 

perspective on cognitive systems. However, a pragmatic approach would dismiss a hypothesis if it proves 

unable to facilitate the prediction and control of relevant phenomena. In this regard, CTM and STM can be 

effective for different purposes in the context of mnemic phenomena (see also Potochnik, 2017). 
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this is as empirically irrelevant as the thesis that water could be XYZ instead of H2O and 

should not be an important part of a naturalistic account (Maddy, 2022). In other words, 

Michaelian sometimes considers the causalist thesis in the broadest modal sense, and 

consequently this thesis becomes empirically irrelevant. As a result, his own anti-causalist 

thesis also becomes empirically irrelevant because it is the negation of an empirically 

irrelevant thesis. Narrowing the modal scope of the causalist thesis has the effect of 

making both the causalist and anti-causalist theses empirically relevant. In this sense, 

understanding the thesis in terms of functional profiles allows us to limit the scope of this 

modal thesis in the (anti)causalist debate. In this case, the necessity claim refers only to 

the possible worlds in which the episodic memory system has the same functional profile 

as the actual world. As a consequence, the modal aspect of both the causalist and the anti-

causalist theses becomes empirically relevant and can be tested in the terms I will discuss 

in the next sections. 

If a hypothesis regarding the functional profile of a cognitive system is accurate, 

then, any instance of the system's functioning that does not align with the hypothesis 

(abnormal cases) would be considered as evidence inconsistent with the hypothesis 

(Pietroski & Rey, 1995). Abnormal cases here should not be taken in the traditional sense, 

but should refer within a theory to any instance of the functioning of the system that does 

not follow what is predicted by the theory (see De Brigard's example below). Such an 

understanding of systems is highly informative, as it allows for clear empirical 

consequences. That is, if those who support a particular hypothesis of a system's 

functional profile are unable to rule out inconsistent evidence, then the hypothesis is, at 

least, partially incorrect. By independently ruling out instances of inconsistent evidence, 

Pietroski and Rey (1995) mean that the reason for ruling out them is not due to the 

hypothesis itself, but rather some external evidence.  

A recent example of rejecting a hypothesis in the face of unresolved inconsistent 

evidence comes from De Brigard's (2024) critique of Tulving's (2002) hypothesis 

regarding the profile of the episodic memory system. Tulving put forth the hypothesis 

that an autonoetic phenomenology is part of the functional profile of the episodic memory 

system (see Andonovski, 2023). De Brigard, however, presents an argument against this 

proposal, noting that there are numerous instances of episodic memory functioning that 

do not include autonoetic phenomenology. These cases, he asserts, cannot be dismissed 

as the result of external interference. Consequently, De Brigard concludes that autonoesis 

should be excluded from the functional profile of the episodic memory system. In other 
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words, abnormal cases like these are seen as inconsistent evidence for a hypothesis. In 

theory/hypothesis choice, one should favor theories that can explain away inconsistencies 

(Kitcher, 1990, Parkkinen et al., 2017). Since Tulving's hypothesis could not rule out these 

empirical inconsistencies as resultant from external interferences, De Brigard argued that 

we should reject this hypothesis.  

One problem with this theory choice strategy is that the inability to rule out 

inconsistent evidence may not be a problem with the hypothesis/theory being rejected, 

but may be due to shortcomings in the methodological and technological approaches 

employed. Indeed, theories that were eventually accepted by the scientific community 

faced a long history of inconsistent evidence before it could be ruled out (Kitcher, 1990). 

For example, continental drift faced the theoretical argument that there was not enough 

force in the Earth's magma to move continents (Santana, 2021); the cholesterol hypothesis 

of heart disease faced a long period of clinical trials in which interventions to control 

cholesterol did not affect the likelihood of death from heart disease (Parkkinen et al., 

2017); the bacterial hypothesis of peptic ulcer disease faced the problem that no bacteria 

were found in the human stomach even in a sample of more than a thousand biopsies 

(Zollman, 2010). Over time, however, all of these hypotheses have gained unanimous 

acceptance within the scientific community. 

Given that many of today's accepted hypotheses faced evidence for decades that 

was considered inconsistent with them, we should be cautious about rejecting a 

hypothesis/theory solely in light of inconsistent evidence (Kitcher, 1990, Zollman, 2010, 

De Cruz & De Smedt, 2013).  For this reason, it is common for competing theories to 

persist for long periods of time, even in the face of conflicting evidence (Kitcher, 1990, 

Pietroski & Rey, 1995, Zollman, 2010). I will return to this point in the conclusion, where 

I will argue that, in light of the evidence discussed throughout this paper, both CTM and 

STM have inconsistent evidence regarding memory traces, and that we should not be too 

quick to dismiss either of them. 

For now, understanding the (anti)causalism debate as a debate over the correct 

functional profile of the episodic memory system is arguably the right way to interpret 

the tension between at least some versions of CTM and STM. Firstly, this understanding 

allows for clear empirical consequences by presenting what can be seen as inconsistent 

evidence or evidence in favor of one theory (Desideratum 1). Moreover, it would also 

make CTM and STM competing theories (Desideratum 2). The former claims that 

appropriate causation is a crucial part of the functional profile of the episodic memory 
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system, whereas the latter claims that appropriate causation is not a component of the 

functional profile of the episodic memory system (see next section). Furthermore, it is 

consistent with the STM's emphasis on the episodic system and with recent CTM versions 

that seek to delineate the functional profile of the episodic memory system (as discussed 

in this section) (Desideratum 3). Therefore, the CTM versus STM debate, which concerns 

the correct hypothesis regarding the functional profile of the episodic memory system, 

satisfies the three desiderata for a point of dispute previously outlined in this section. 

Hence, I will adopt this reading of the debate for the remainder of the paper.  

In this section I revisited the causalism debate in philosophy of memory. I clarified 

what is the point of dispute between some versions of CTM and STM, namely, the 

functional profile of the episodic memory system. CTM and STM provide competing 

hypotheses of this functional profile. As such, they should be able to rule out inconsistent 

evidence for their hypothesis, particularly data that are well explained by the competing 

theory. If we accept that this is the point of dispute, we should clearly define the 

hypothesis that CTM and STM are making regarding the functioning of this system and 

how exactly they oppose one another, which I will do in the next section.  

 

3 Clarifying CTM and STM as hypotheses about the functional profile  

Although some propose a naturalistic interpretation for the classical CTM (De Brigard, 

2020), it is noteworthy that the goal of Martin and Deutscher (1966) was different from 

hypothesizing the functional profile of the episodic memory system.7 However, as seen 

in the previous section, some recent versions of CTM aim to provide such a hypothesis.  

 Before proceeding, it is useful to clarify what counts as evidence for the functional 

profile of a cognitive system in general, and of episodic memory in particular. 

Establishing such a profile is a difficult task that requires multiple types of evidence (cf. 

Mahon & Cantlon, 2011; Friston & Price, 2011), and in the case of episodic memory, we 

are likely still far from achieving it. A common approach is to first demonstrate that a 

system is functionally dissociable or independent from other systems, and then examine 

how its internal operations—whether computational, algorithmic, or implementational—

contribute to its function (Sternberg, 2011; Coltheart, 2011). In other words, once an (at 

 
7 For instance, episodic memory system was only hypothesized six years later (Tulving, 1972). Moreover, 

they were concerned with a theory of remembering, phenomenal features, not of its underlying structures—

for the difference, see Allot et al (2021) and Siegel and Craver (2024).  
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least partially) independent function has been identified, a functional analysis can be 

conducted to determine how the system performs that function.8  

 An absolute functional profile, however, is beyond the current capacity of 

cognitive (neuro)science (cf. Shallice, 1988; Sternberg, 2011; Mahon & Cantlon, 2011; 

Coltheart, 2011, 2017). What can be established with greater confidence is a comparative 

profile, based on comparative evidence (Sternberg, 2011). This involves investigating 

whether two systems are functionally independent by examining differences in task or 

behavioral performance between them (Tulving, 1984; Sternberg, 2011), as well as 

differences in the operations underlying these performances (Bergeron, 2016). Such 

evidence provides not a complete profile but a partial, comparative one.9 In other words, 

we can dissociate the operations of one system from those of another, though we cannot 

fully characterize either system in absolute terms, that is, without comparing it with 

another putative system. Even with this limitation—the inability to produce a complete 

functional profile—we can develop a robust approach. This method would combine 

evidence of dissociations in task performance and neurobiological implementation with 

a functional analysis of the underlying mechanisms and processes (Bergeron, 2007, 

2016). 

 Tulving’s work illustrates this methodology well (cf. 1983, 1984, 1986, 1999; 

Schacter & Tulving, 1994). He argued for the dissociation of semantic and episodic 

memory systems on the basis of both task performance (1983, 1984) and neurobiological 

evidence, such as the case of K.C. (Rosenbaum et al., 2005). Beyond these convergent 

dissociations, he also pursued a functional decomposition of memory systems, 

considering not only their neural substrates but also their operations and operational rules 

(Schacter & Tulving, 1994; Tulving, 2002). Still, he acknowledged that a complete 

account of the functional profile of memory systems was far from achievable (e.g., 1984, 

1999). Even today, decades after Tulving’s retirement, the functional characterization of 

episodic memory remains unsettled (cf. Andonovski, 2023; De Brigard, 2024). 

 
8 This sequence is merely logical. In practice, scientists use functional analysis to identify functions, and 

the reverse is also true: discovering a dissociable function contributes to the process of functional analysis 

(Bergeron, 2007). 
9 Interestingly, as we will see, Tulving (1983, 1984, 1986, 1999) consistently framed this issue in relation 

to memory systems. He argued that a precise characterization of the number and functions of these systems 

is beyond our current understanding. In his view, research can identify dissociations between behavioral 

tasks and neurobiological differences, demonstrating that certain memory systems are distinct. However, 

he maintained that a full description of their specific functions and operational mechanisms would require 

far more evidence than was available in his time—and likely remains so today. 
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 Despite these limitations, Tulving maintained that existing evidence was sufficient 

to distinguish episodic memory from other systems, such as semantic and procedural 

memory (1983, 1984, 1999). For him, a key point of dissociation—and thus a crucial 

marker of episodic memory’s functional profile—was the functional features of the 

engrams or memory traces used by the different systems. Addressing the core question of 

how memory systems can be individuated, he remarked: “The controversy materializes 

when we pose the next apparently innocent question: where is the information about the 

[…] event stored?” (1999, p. 18). In this sense, for him, the hypothesis that there are 

multiple memory systems  

 

means that there is no ‘single’ engram, or single memory traces, or single 

representation of the event […] As a result, different kinds of information, 

representing the many different aspects of the event, are stored at different 

independent ‘storage sites.’ These sites correspond to memory systems and 

their subsystems (1999, p. 20).  

 

 Thus, while the type of engrams or memory traces a system operates over is not 

its only crucial feature, Tulving considered it central evidence for functionally 

characterizing memory systems. We can think of many reasons for the importance of 

engrams, or memory traces. According to Schacter & Tulving (1994), memory systems 

should be characterized by three criteria: a distinct class of operations, a specific set of 

properties (including neural substrates, type of information, and rules of operation), and 

convergent dissociations. Engrams are directly relevant to the first two criteria, as they 

are distinguished by the type of information they represent and they possess 

distinguishable neural substrates. Consequently, investigating engrams could provide 

crucial information about the operations performed on these traces and the rules that 

govern those operations. 

 Given the interpretation of the causalism–anticausalism debate adopted in this 

paper—namely, that the dispute concerns the correct functional profile of episodic 

memory—it is unsurprising that evidence about memory traces plays a central role in the 

arguments. Indeed, not only is STM concerned with the nature of memory traces from its 

inception (De Brigard, 2014; Michaelian, 2016; cf. Michaelian et al., 2025), but traces 

also feature prominently in recent causalist accounts, as will be evident in the following 
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discussion (cf. Robins, 2016, 2023, forthcoming; Werning, 2020; Andonovski, 2024; see 

also De Brigard, 2020, forthcoming).10 

According to these causalist views (e.g., Werning, 2020, Robins, 2023, 

forthcoming, De Brigard, forthcoming, Andonovski, 2024), the episodic memory system 

encodes, stores, and retrieves (i.e., manipulates) discrete representations of particular 

events. These representations are called memory traces and are formed at the moment of 

experiencing the event. There are some differences between these proposals. Werning 

(2020) and De Brigard (forthcoming), for example, do not consider memory traces to be 

representations, but merely hippocampal indexes. Still, these hippocampal indexes are 

formed during events (comparable to encoding), remain stable in the hippocampus over 

time (comparable to storage), and are reactivated to contribute to remembering 

(comparable to retrieval). Crucially, these indexes are also specific to each experienced 

event (or at least to those relevant enough to form such indexes). It is safe to conclude, 

then, that these versions of CTM functionally describe the episodic memory system in 

terms of the functional properties of the memory traces that constitute the representational 

vehicles that the system manipulates. 

Importantly, they assume or defend that storage somehow involves maintaining 

the original identity of the trace.11 By identity maintenance, I mean that the trace 

represents the same event over time, even with some possible differences in its content. 

Andonovski (2024), for example, argues that despite some changes in its content, traces 

maintain their identity as references to particular events that formed them. Robins (2016, 

2017) also assumes that traces retain such identity, despite neural changes (Robins, 2020, 

2023, forthcoming). De Brigard (2020, forthcoming) also states that traces maintain their 

particularity over time, which is arguably the same as what I am calling identity here.12 

 
10 This perspective also aligns with recent proposals emphasizing the critical role of storage processes in 

memory theory (Andonovski, 2021) and advocating for its incorporation into the debate between CTM and 

STM (Andonovski, 2022; Openshaw, 2023; Robins, forthcoming). 
11 It is important to clarify that a trace's identity is tied to its functional role of representing a specific event. 

Changes in its physical implementation (cf. Robins, 2020) or even its content (Andonovski, 2024) do not 

alter this core representational function. Therefore, from a functional perspective, the trace remains the 

same despite these underlying changes. 
12 Some might contend that "identity" is an imprecise term, suggesting a "coreference relation" is more 

accurate. However, I retain the term "identity" for two reasons: it is the standard term used in the scientific 

literature (e.g., Choucry et al., 2024), and it accurately reflects a functional understanding of memory traces. 

From this perspective, a trace maintains its identity by preserving its core functional role—storing 

information about a specific event—as long as it continues to refer to that event. Therefore, it remains the 

same trace despite changes in its physical implementation or even its specific content, as argued in the 

previous footnote. 
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For this reason, it makes sense to summarize this hypothesis as a two-sided 

hypothesis: 

 

Causalist Hypothesis (CH): 

• CH1) the episodic memory system manipulates (encodes, stores, and retrieves) 

discrete representations (or indexes) of particular events, named memory traces;  

• CH2) the episodic memory system somehow secures the identity of these traces 

over time, i.e., they continue to represent the same event even under some 

modifications;  

• CH3) these traces are formed during the experience of the particular event they 

represent, a process known as encoding. 

 

 In sum, CH as a whole maintains the notion of appropriate causation from Martin 

and Deutscher's (1966) version of CTM because it posits a persistent causal link between 

the past experience and the recollection via memory traces. Moreover, such traces exhibit 

specificity/particularity/monogamy (Robins, 2016, Sant'Anna, 2021, Langland-Hassan, 

2022) and they are contiguous/non-deviant (Bernecker, 2017, Robins, 2017). If we 

understand the above mentioned naturalistic versions of CTM as hypotheses about the 

functional profile of the episodic memory system (Section 2), then we should see CH as 

proposing a hypothesis according to which the episodic memory system forms traces 

(discrete representations) in response to the experience of particular events, and these 

traces are manipulated by that system to retrieve information about the particular event 

the trace represents. Crucially, if a particular retrieval involves the contribution of the 

episodic memory system, that memory experience will have appropriate causation, as 

stated by traditional CTM. 

 STM proposes a hypothesis that competes with CH1-CH3. As Andonovski and 

Michaelian (2024) put it, the core claim of STM is that the episodic memory system is 

the same cognitive system that produces episodic imagining (continuist thesis). 

Consequently, it cannot have the functional profile of CH, because such a functional 

profile would not allow imagining counterfactual events.13 In particular, imagining 

 
13 De Brigard (2023, forthcoming) claims that these two hypotheses (CH and continuism) are compatible, 

but he does not explicitly develop an account in which this integration works. That is, there is no clear 

account of the explanatory role that memory traces as defined by CH (specific/particular memory traces) 

play in episodic construction. Michaelian (2016) also thinks that they are not inconsistent with the continuist 

thesis. He defends that these specific/particular memory traces sometimes participate in episodic simulation 
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counterfactual events does not depend on a causal trace formed during the experience of 

those events (Michaelian, 2016, 2022, 2024). In favor of STM, simulationists appeal to 

abnormal cases for CH1-CH3.
14 For example, some argue that memory consolidation 

involves generalizations (Moscovitch & Gilboa, 2024, Aronowitz, forthcoming) that lead 

to a loss of specificity/particularity of representations, thus contradicting CH2. Moreover, 

episodic memory is involved in the recall of unexperienced, "false" events (Bernstein & 

Loftus, 2009), apparently contradicting CH3. Finally, rejecting CH would better explain 

why memory is so frequently and easily distorted even in healthy patients (Schacter & 

Addis, 2007). The anti-causalist thesis of STM can be understood as mere rejection of 

CH. That is most of the time what Michaelian (2016, 2022, 2024) does (see footnote 13). 

However, other "simulationists", mostly from psychology have a more positive 

hypothesis to defend. In particular, Addis and Schacter (2007), Addis (2018, 2020), 

Hassabis and Maguire (2009), Barry and Maguire (2019a) (see also Ménager et al, 2021, 

2022, Langland-Hassan, 2022), among others agree that 

 

Simulationist Hypothesis (SH): the episodic system manipulates schemas of events (or 

representations of types of events rather than tokens) along with sparse semantic 

information about those events (e.g., about objects, actions involved in those events) to 

create simulations/scenes/scenarios of events.15 

 

Thus, SH, rejects CH1, the particularity aspect of CH. In other words, the type of 

representational vehicle that the episodic system manipulates is not of particular events, 

but about event types, such as schemas (Barry & Maguire, 2019a, Addis, 2020). 

Consequently, there is no particular identity to be maintained (contra CH2) and no 

particular/specific formation of traces (CH3). This hypothesis about the functional profile 

of the episodic system would better account for the evidence mentioned above that are 

inconsistent with CH. In particular, the use of schemas and other concrete details would 

be crucial for imagination, would involve generalizations, would explain why we 

 
construction and sometimes do not. However, as seen in the previous section, without specifying how this 

works, such a claim is explanatorily suspect (Andonovski, 2021, p. 143). 
14 One can notice the similarity of this argument and De Brigard's argument in the previous section as an 

exemplar of appeal to inconsistent evidence as a reason to reject a hypothesis.  
15 Some of the psychologists who defend this hypothesis call this system the [scene] construction system 

or the simulation construction system. 
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remember unexperienced events, and why memory is so often distorted (see Schater et 

al., 2011, 2012).16  

 In the next section, I present some findings from research on memory traces that 

threaten SH and favor CH. 

 

4 Memory traces, evidence inconsistent with STM and the comeback of CTM 

Evidence for CH comes from studies of memory traces (or engrams). Memory traces are 

understood as permanent synaptic or molecular modifications that store information about 

specific events and are formed during the experience of these events (Asok et al., 2019, 

Josselyn & Tonegawa, 2020). In this section, I will briefly summarize three lines of 

research that support CH: computational modeling, neuroimaging studies, and molecular 

research.17  

 Some studies have built computational models of both CH and SH. In running the 

models, researchers found that SH performed poorly compared to human performance, 

whereas models that followed CH matched human performance (Ménager et al., 2021, 

2022). Importantly, despite SH's focus on memory distortions, human memory has 

generally been measured to be about 70% accurate under laboratory conditions (Powers 

et al, 1979, Loftus et al, 1992) and is even more accurate under naturalistic/ecological 

conditions (Diamond et al, 2020, Foudil et al, 2021, Finley & Brewer, 2024). Models 

following SH have failed to replicate such levels of accuracy in computational tests.  

 The second type of studies are neuroimaging approaches to memory traces (e.g., 

fMRI, EEG, MEG). These neuroimaging studies have found discrete representations for 

specific events in the hippocampus (Kunz et al, 2018, Xue, 2022, Ranganath, 2024, 

Heinen et al, 2024). Crucially, the reactivation of these discrete representations is 

associated with the recall of these specific events. These neuroimaging techniques 

analyze patterns of neural activity and cannot precisely localize traces (see Kunz et al, 

2018, Roskies, 2021). However, they can serve as epistemic proxies for the existence of 

these discrete traces (Roskies, 2021, see also Klein, 2010), i.e., because different events 

have different patterns of neural activation, it is likely that traces (molecular or synaptic 

modifications—Gershman, 2023, Colaço & Najenson, 2023) underlie these patterns and 

 
16 As seen in the characterization of SH, it ultimately rejects the existence of an episodic memory system 

because, if it were true, it would not be a cognitive system dedicated to memory, but to scene construction 

or simulation (Andonovski et al., 2024). 
17 Andonovski and colleagues (2024) have provided a similar summary of research that, in their view, is 

inconsistent with SH and supportive of CH.  
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store information about these specific events.18 However, this is an educated guess.19 It is 

also possible that there is no storage (as proposed by Werning, 2020, and De Brigard, 

forthcoming). 

 More important for CH is the prediction that if the episodic memory system were 

to manipulate discrete representations of particular events, it would show pattern 

separation (McClelland et al., 1995). Namely, similar events (e.g., similar spatiotemporal 

location) will show similar patterns of neural activity, while dissimilar events will show 

dissimilar patterns. This leads to the concern that the system may not be able to distinguish 

between the representations of very similar events. Consequently, very similar events 

would be treated as the same by the system, losing the identity hypothesized by CH2. 

Pattern separation was the prediction that in order to ensure trace specificity and avoid 

interference between events that are similar above a threshold, the hippocampus would 

produce pattern separation, whereby very similar events would be represented by very 

dissimilar patterns. In sum, the greater the similarity of events, the greater the similarity 

of patterns, unless this similarity exceeds a threshold (very similar), in which case the 

patterns would be very dissimilar to avoid interference and loss of identity. Pattern 

separation has been widely reported using different neuroimaging techniques (see 

Yonelinas et al, 2019, Clewett et al, 2019, Morales et al, 2020, Brunec et al, 2020, Theves 

et al, 2024). This phenomenon is evidence that the episodic memory system is indeed 

concerned with maintaining the identity of representations of specific events (as seen in 

CH2).  

Finally, the third type of study that has provided evidence for CH comes from 

biomolecular research. Using techniques such as transgenics, optogenetics, and 

chemogenetics (Kunz et al., 2018, Josselyn & Tonegawa, 2020), scientists have found 

discrete memory traces that represent specific events. Below, I provide a brief summary 

of these findings and how they support CH. 20  

 

• Trace identification: when one experiences an event, specific neurons 

representing that event in the neocortex and hippocampus become more excited 

due to stronger activation (Josselyn & Frankland, 2018). This results in the 

 
18 Patterns of neural activity are not directly indicative of these modifications. However, the stability of the 

patterns suggests that stable modifications have been implemented in specific neurons. 
19 Roskies (2021) calls these patterns epistemic proxies for neural representations for the reason given in 

footnote 18. 
20 For more substantial overviews, see Najenson (2021), Robins (2023, forth.), and Andonovski (2024).  
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production of immediate early genes (a set of genes formed after such strong 

activation) that are used to track these specific neurons (i.e., serve as tracing 

markers) (Tonegawa et al., 2018, Choucry et al., 2024). The neural assemblies 

tracked in this process are referred to as traces or engrams. 

• Trace manipulation: these traces are then manipulated to better understand their 

causal profile using two different strategies: loss-of-function and gain-of-function 

(Kunz et al, 2018, Josselyn & Tonegawa, 2020). The loss-of-function strategy uses 

light, chemical, or genetic manipulation to block the activation of these particular 

neurons. Gain-of-function activates these assemblies using similar techniques.  

• Results: Of relevance to this work is the finding that these traces store information 

about specific events. Crucially, they are necessary for remembering information 

about these events - loss-of-function manipulations result in an inability to 

remember only the particular event associated with the trace. Moreover, they are 

also sufficient for remembering information about these events—gain-of-function 

manipulations result in remembering the particular event associated with the trace, 

regardless of contextual cues. Moreover, these neural assemblies are formed 

during the experience of a specific event and exhibit molecular transformations 

that allow them to retain information about the event even as systematic brain 

transformations occur (Tonegawa et al., 2018, Asok et al., 2019, Josselyn & 

Tonegawa, 2020), suggesting a type of storage and maintenance of identity 

(Nambu et al., 2022, Gershman, 2023).  

• Consequences: Consider that neural representations are patterns of neural activity 

that reliably covary with a specific stimulus, that have downstream effects 

directed toward that specific stimulus, and that can be activated in the absence of 

the stimulus, thereby maintaining its downstream effects (Vilarroya, 2017, Baker 

et al, 2022, Cao, 2022, Piccinini, 2022). In this case, traces can be understood as 

discrete representations of specific events because they reliably covary with these 

events, have downstream effects in respect to these events, and can be activated 

in the absence of the event while maintaining the same downstream effects. If one 

understands the molecular transformations that these traces undergo as storage 

processes, then one can confidently conclude that memory traces are discrete 

representations of particular events, and that they are used to encode, store 

(maintain their identity), and retrieve information about these particular events, 

just as described by CH (cf. Robins, 2023, forthcoming, Andonovski, 2024). 
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 The three lines of research reviewed in this section provide strong evidence in 

favor of CH. They constitute robust evidence that the episodic memory system 

manipulates discrete representations of particular/specific events (CH1). This particularity 

persists over time, maintaining identity (CH2) and these discrete representations are 

formed during the experiences they represent (CH3). However, as seen in Section 2, a 

hypothesis about the functional profile of a cognitive system should be able to 

independently rule out inconsistent evidence. For this reason, CH should also be able to 

rule out the the inconsistent evidence discussed at the end of Section 3. To some extent, 

causalists may succeed in explaining away these empirical inconsistences with their 

theory, such as memory distortions, generalization processes, memory for unexperienced 

events, and the relationship between memory and imagination. 

 Firstly, as seen in the beginning of this section, memory performance, including 

its distortions, is generally better predicted by CH models than by SH models. Secondly, 

generalized information about events is processed in different brain regions than those 

that process information about specific events. For example, posterior medial regions in 

the cortex are associated with discrete representations of particular events, whereas 

anterior temporal regions are associated with generalizations of events (Ranganath & 

Ritchey, 2012, Ritchey et al., 2015, Ritchey & Cooper, 2020, Ranganath, 2024). Although 

these regions show strong anatomical connections, they are not as well connected to each 

other as they are internally connected, suggesting that they are functionally individuated 

(Ritchey & Cooper, 2020). In addition, different hippocampal regions appear to process 

either generalized or specific information about events (not both) and use different 

markers of immediate early genes to compute general versus specific information about 

events (Choucry et al., 2024, Yelhekar et al., 2024). In light of all this evidence, CH can 

consider generalizations to be produced by systems dissociated from the episodic memory 

system and maintain that the episodic memory system is specialized for particular events. 

Finally, there are several dissociations between episodic memory and episodic 

imagination that are better explained by hypotheses that dissociate them than by 

hypotheses that integrate them into the same cognitive system (for a review, see Mullally 

& Maguire, 2014, Schacter et al., 2012, Camillo, 2025). 21 

 
21 An abnormal case mentioned by Langland-Hassan (2022, p. 11), which I did not mention in section 3, 

but which can also be ruled out by CH, is the case he calls forgetting-by-repetition. This is the common 

phenomenon in which one fails to remember a particular event because one has experienced many events 

similar to the one she is trying to remember. Langland-Hassan argues that CH cannot invoke interference 
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 As seen in this section, research on memory traces suggests that they have the 

functional profile predicted by CH. Moreover, CH can, to some extent, rule out 

inconsistent data by appealing to independent evidence. In other words, these data can be 

interpreted as the result not of the episodic system, but of other systems. This motivated 

philosophers to reject STM (or, at least, its anti-causalist thesis) (e.g. Robins, 

forthcoming, Andnovski, 2024, Andonovski et al., 2024, De Brigard, 2024). However, 

there are also other interesting findings about memory traces that remain inconsistent with 

CH and that may so far favor SH, as I will discuss in the next section.  

 

5 Memory traces and evidence inconsistent with CTM  

In this section I discuss some phenomena associated with memory traces that are 

inconsistent with CH. CH has not yet ruled them out and, crucially, they can be seen as 

evidence for SH. I begin by discussing a case of remembering unexperienced events, as 

found in Najenson (forthcoming) (Section 5.1). Then, I revisit evidence for generalization 

in episodic memory in consolidation (Section 5.2) and co-allocation processes (Section 

5.3).  

 

5.1 Memory traces of unexperienced events 

Recently, Najenson (forthcoming) discussed the consequences of some fascinating 

studies on memory trace implantation for CH3. Briefly, Vetere and colleagues (2019) 

conducted a striking experiment focusing on two neural assemblies in mice. The first 

group consisted of sensory neurons that respond to the smell of a particular substance, 

acetophenone. The second group consisted of dopamine neurons in the medial ventral 

tegmental nucleus, which are known to play a key role in fear responses. Importantly, the 

mice used in the study had never previously encountered the odor of acetophenone. By 

activating both groups of neurons at the same time, the researchers were able to artificially 

link the perception of that smell to a fear reaction, forming an engram of fearing it. As a 

result, the mice displayed fear when they later encountered acetophenone in their 

environment, even though they had no prior experience with it. Replications of these 

results using different sensory neurons—from visual, auditory, and somatosensory 

 
to explain this phenomenon because if the traces were discrete, there would be no interference. In fact, as 

we have seen, pattern separation and other properties of memory contribute to the maintenance of identity 

and the avoidance of interference. However, interference occurs not because the trace representations are 

poorly dissociated, but because the cues are ambiguous and insufficient to select a particular trace (Ekstrom 

& Yonelinas, 2020). For further criticism of Langland-Hassan's argument, see also Álvarez (2025). 
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cortices—were also successful (Luis-Islas et al., 2022). As Najenson (forthcoming) 

discusses, these cases provide evidence that memory traces can be formed without 

previous experience, which is inconsistent with CH3 because it describes the formation 

of memory traces as causally dependent on the events they represent.  

 Causalists may object that this is the result of an external intervention (optogenetic 

intervention), that the system involved is not the episodic system but something like the 

reward or limbic system, that this trace is not of an event, among other objections. These 

objections may be problematic for causalists, however, because most biomolecular 

research with memory traces (Section 4) follows similar protocols. For example, the 

interventions used in this study were gain-of-function interventions that provided 

evidence for CH. The system involved here (reward/limbic) is involved in most, if not all, 

of the biomolecular studies mentioned in Section 4. Consequently, if these neural 

assemblies are not used by the episodic memory system, then it is quite likely that the 

assemblies that provided evidence for CH are not part of the episodic memory system 

either. 

 Moreover, as Najenson (forthcoming) argues, the functional and structural 

similarities between natural memory trace formation (see Josselyn & Tonegawa, 2020) 

and these cases of memory trace implantation are strong enough to convince us that these 

interventions are informative about how memory traces work in natural circumstances. 

Furthermore, Najenson provides evidence that engrams can form spontaneously in natural 

contexts, without being linked to a specific experience. This indicates that experimental 

interventions which create new, experience-independent traces are replicating a natural 

phenomenon rather than producing an artifact. Indeed, not only are memory traces formed 

naturally from activations similar to those that the optogenetic interventions were 

designed to simulate, but also the updating of memory traces suggests that reconsolidation 

processes are similar to this case of false memory induction (Gershman et al., 2014). 

Moreover, the response behavior of artificial memory and natural memory is very similar 

(Park et al., 2024). For this reason, we can reliably extrapolate memory trace implantation 

studies described above to the formation of episodic memory traces in humans (Steel, 

2008).  

 Hence, causalists either reject a large group of studies that have been taken to 

favor them, or they explain why memory trace implantation is different from the other 

studies. This explanation, it is important to emphasize, must be based on external 

evidence and not on CH itself. Nonetheless, given the similarities between the processes 
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of memory trace implantation and how scientists investigate memory trace formation and 

its dynamics, one can consider it to be unlikely that CTM will succeed in explaining away 

the case of memory trace implantation.  

 

5.2 Consolidation, generalizations and the transience of memory traces 

Given the importance of memory traces' functional features to the (anti)causalist debate 

(see Section 3), investigating systems consolidation is crucial. This process can reveal 

how event information becomes more permanently stored in the brain over time (Asok et 

al., 2019). Such an investigation would provide a more clear and complete understanding 

of traces’ functional features. 

According to the scene construction consolidation theory, memory traces for 

specific events, such as those posited by CH1, exist only for recent events. After a few 

weeks or months, the information is transferred to cortical areas and generalized, losing 

its identity as it no longer represents a particular event (Barry & Maguire, 2019b, 

Aronowitz, forthcoming). According to this theory, the original trace is erased or fades in 

the process, and because the information has been generalized, the identity is lost, which 

is inconsistent with CH2. In other words, their theory posits that specific memory traces, 

like those hypothesized by CH, are highly transient. According to this view, retrieving a 

memory after a significant time lapse depends on reconstructing past events using 

schemas and generalizations—a process akin to inferring particular events from general 

schemas (Barry & Maguire, 2019b). This perspective aligns well with SH’s hypothesis 

(cf. De Brigard, 2014; Michaelian, 2016). 

In fact, if this theory is correct,22 the functional profile of episodic memory could 

be described in one of the following ways: 1) manipulate different types of representations 

over time (representations of specific events for recent memories and representations of 

generalizations for older memories); 2) manipulate event representations regardless of the 

specificity/singularity of the event represented (Andonovski, 2020, 2022); 3) not be a 

proper system, i.e., be indistinguishable from semantic memory systems (Aronowitz, 

forthcoming); 4) be a system responsible for processing only recent memories of specific 

events (Vecchi & Gatti, 2020). All of these possibilities are inconsistent with CH1 and 

CH2 because there is a necessary loss of particularity and identity after a few weeks or 

 
22 I will present supporting evidence in what follows. However, it is important to note that many scientists 

consider a competing theory, the Trace Transformation Theory (Xue, 2022; Moscovitch & Gilboa, 2024), 

to be better supported by evidence. For a detailed debate on the evidence, see Squire et al.; Moscovitch and 

Nadel (2019) and Barry and Maguire (2019a). 
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months. Consequently, CH should at least be modified. More importantly, maintaining 

the identity of the trace over time would definitely not be part of the functional profile of 

episodic memory, precisely because the initial specific trace would be erased, thus 

contradicting CH2.  

In response, Andonovski (2020) suggests that CTM could give us an account of 

appropriate causation in generalized (non-singular) memories.23 Indeed, he recently 

provided evidence that event individuation can lead to the integration of temporally 

contiguous events as the same event (Andonovski, 2024). In other words, the perceptual 

system and working memory individuate events in a variety of ways, and often longer 

events are individuated as particular, while at other times shorter events are individuated 

as particular. In this case, general events (longer events, such as an entire day or week) 

may be individuated as particular by cognitive systems. This would ensure CH1, in which 

episodic memory would still only manipulate representations of particular events. 

However, this would not solve the problem of the transience of the identity of 

traces over time, which is inconsistent with CH2. Some who have responded to this 

problem have argued that the evidence presented in Section 4 strongly suggests that 

memory traces of particular events are not transient (e.g. Moscovitch & Nadel, 2019, 

Moscovitch & Gilboa, 2024). Nonetheless, Barry and Maguire (2019a, 2019b) note that 

the evidence for the persistence of the identity of memory traces over time comes from 

studies that only track traces for up to four weeks or thirty-one days. According to their 

hypothesis, specific memory traces fade up to four months after encoding, when these 

traces would no longer exist and recall would depend entirely on generalized information. 

In other words, after these four months, the specific memory trace disappears, and 

episodic memory would function exactly as described by SH. In this sense, old episodic 

memories are only constructed through the recontextualization (i.e., the creation of a new 

spatiotemporal context via hippocampal activity) of generalized (decontextualized) 

information (Barry & Maguire, 2019b). According to them, evidence against their view 

has not been provided by the studies discussed in Section 4 because these studies are 

limited to one-month engrams. Supporting their theory, research shows that pattern 

separation in the hippocampus—which ensures computational specificity for particular 

 
23 In fact, Andonovski (2020) argued that generalization processes suggest that the CTM versus STM debate 

should be reformulated, since in his view the episodic memory system does not exhibit singularism (what 

I call specificity/particularity in this paper). However, as seen in the previous, Andonovski's interpretation 

of the implications of generalizations is not the only possible hypothesis. Moreover, the integration of non-

continuous events seems to contradict a reformulated version of CH (see the following discussion). 
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memories (see Section 4)—vanishes for memories aged six to twelve months (Theves et 

al., 2024). This finding strongly suggests that specific memory traces fade over time. Also 

importantly, a view like theirs is not unique in the engram research literature. For 

example, Guskjolen and Cembrowski (2023) and Zaki and Cai (2025) hold similar views. 

They propose that highly specific hippocampal memory traces may decay rapidly, while 

more schematic and generalized neocortical information endures. If these views are 

correct, STM can accommodate the evidence in Section 4 by considering that recent 

memory traces are different from old memory traces. Consequently, they could argue that 

SH applies to remote memories, while CH applies only to recent ones. 

 However, the permanence of the identity of memory traces for particular events 

through consolidation processes remains highly controversial. What we can say is that the 

transience of memory traces, as predicted by the scene construction consolidation theory 

and similar views, is at least partially inconsistent with CH2, and at the same time it helps 

SH accommodate the evidence discussed in Section 4 that was seen as inconsistent with 

simulationist views. Thus, STM, like CTM in the previous section, can rule out or explain 

away inconsistent evidence. 

 

5.3 Co-allocation and generalizations 

Sections 3 and 5.2 discussed the problem of generalizations for CTM, specifically 

because it is inconsistent with CH1 and CH2. In Section 5.2, I showed how consolidation 

processes can be seen as inconsistent with CTM because they lead to generalizations. In 

this subsection, I present a related process that can also lead to generalization and loss of 

identity of a memory trace by failing to represent the particular event involved in its 

formation (contra CH). 

 In co-allocation processes, information from different memory traces is 

integrated, resulting in a generalized representation (Richards & Frankland, 2017, 

Josselyn & Frankland, 2018). Many studies suggest that the memory system can maintain 

the identity of specific memory traces—that is, the memory trace retains its association 

with a specific event—even during co-allocation processes (e.g., Cai et al., 2016). 

However, some studies show that co-allocation can cause traces to lose their specific 

information (Rashid et al, 2016, Gastaldi et al, 2021). Andonovski's (2020, 2024) answer 

could be repeated here, stating that the integration of events via co-allocation would not 

be inconsistent with CH1 and CH2 because the system would still be manipulating 

representation of large yet particular events.  
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 The problem remains because co-allocation is not restricted to temporally 

contiguous events (Richards & Frankland, 2017, Josselyn & Frankland, 2018). For 

example, Zaki and colleagues (2024) conducted a study in which fear responses 

generalized to different contexts after offline co-activation of engram ensembles during 

replay that resulted in co-allocation. Moreover, subtle similarities in contexts also lead to 

memory integration through co-allocation (Aly et al., 2022). In these studies, however, it 

is not clear whether the engrams have lost their identity. Given these cases, it would be 

counterintuitive to call them particular, unique events because they are not temporally 

continuous. 

 

 

Fig. 1. Different types of individuation of events. 

 

 Many studies have shown that there are spatiotemporal and behavioral (goal-

directed) conditions for the individuation of events (Franklin et al., 2020). This results in 

the same temporal duration being divided differently into individual events. For example, 

in Figure 1, e(1-3), e4, and e(5-6) have the same duration. However, as one can see in the 

figure, the same duration can be individuated differently into unique events (e1-e6 all have 

different durations). Given that events can be individuated differently with respect to 

duration, it is reasonable to consider e(1-6) (the integration of events e1-e6) as a particular, 

unique event, even if this integration occurs during consolidation rather than encoding, 
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because this integrated event refers to a unique spatiotemporal context (even if it is an 

extended spatiotemporal context). 

Sometimes, however, non-continuous events, such as e4, e7, e9, and e11, are 

integrated not because of temporal proximity and continuity, but because of spatial and/or 

item similarity. As said, it is not clear that engrams lose their identity in these cases of 

integration. If they do lose their identity, it is odd to call e(4,7,9,11) a particular, unique event, 

because it does not refer to a particular, unique, spatiotemporal context or behavior, 

regardless of the time span of that context. e(4,7,9,11) seems to refer to a type rather than a 

token event, resulting in a loss of specificity (against CH1). Crucially, at least some studies 

suggest that this type of generalization results in a loss of trace identity (against CH2) 

(Rashid et al., 2016, Gastaldi et al., 2021).  

If this is correct, the loss of trace identity through co-allocation would be only 

partially problematic for proponents of CH. While it would imply that traces can lose 

their identity—being partially inconsistent with CH2—this constitutes weaker evidence 

than that from consolidation studies for two reasons. Firstly, the data supporting identity 

loss in co-allocation is more ambiguous, as the phenomenon is not yet firmly established. 

Secondly, even if proven, it would not affect all traces, but only a subset that undergoes 

co-allocation. Therefore, this evidence does not show that the episodic memory system 

never operates over traces of particular events; it only indicates that it also operates over 

some generalized traces. Consequently, evidence from co-allocation can, at best, suggest 

that CH is an incomplete characterization of the episodic memory system, not an incorrect 

one. 

Causalists could also consider, in reply, that memory traces are processed by 

different systems. A semantic memory system would integrate them via co-allocation for 

generalizations, while the episodic memory system would ensure their specificity and 

process them individually. In this sense, causalists can point to studies showing that 

different immediate early genes are used to promote generalizations compared to those 

that ensure specificity (Nambu et al, 2022, Choucry et al, 2024, Yelhekar et al, 2024). 

That is, some traces’ features are used to promote generalizations and have different 

functional and structural properties than traces used to ensure specificity. However, just 

as the loss of specificity in traces due to co-allocation is a hypothesis that needs further 

support, the functional differentiation of traces due to immediate early genes also needs 

further investigation. 
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In summary, the generalization properties of memory traces (either due to 

consolidation or due to co-allocation processes) may be problematic for CH1-CH2 because 

they suggest that specificity is not required for the functional profile of episodic memory. 

Importantly, as seen earlier, SH hypothesizes that the episodic system manipulates 

generalized representations to construct simulations. If the functional profile of the 

episodic system is to manipulate generalized information, then it is more consistent with 

STM than with CTM. For this reason, causalists still need to explain the generalization 

functions of memory traces if they are to defend CH1-CH2, as shown in Section 3. 

Proponents could, for instance, argue that while specific memory traces are necessary for 

the episodic memory system to function, they are not the only type of trace the system 

utilizes. Consequently, a more complete account of the system's functional profile would 

still be in the future for those who adopt CH. 

Crucially, Section 4 presented evidence in favor of CH that not only supported 

CTM's hypotheses, but also provided a way for it to rule out some of the inconsistent data. 

Moreover, the evidence in Section 4 is seen as inconsistent with STM, which has led some 

philosophers to reject this latter theory of memory. However, as we will see in this section, 

CTM is also faced with inconsistent data, and there is further evidence involving memory 

traces that not only is compatible with SH, but also helps STM rule out some of its 

inconsistent data. 

 

6 Conclusions 

In this paper, I argued that the (anti)causalism debate is a debate about the functional 

profile of the episodic memory system. I also argued that the dispute is largely based on 

the functional properties of memory traces, i.e., what they represent, their discreteness, 

their formation, and their persistence. On the one hand, CTM defends that memory traces 

are discrete representations of particular events that are formed during the experience of 

those events and maintain their identity as representations of the same event over time. 

On the other hand, STM defends that the episodic system manipulates generalized 

information in the form of schemas and that memory traces, if they exist, either do not 

represent particular events or do not persist over time and maintain their identity.  

Recently, some philosophers have returned to findings about the memory trace in 

order to defend CTM and reject STM. I showed, in light of the definition of CTM 

defended here, that the evidence they have appealed to is indeed incompatible with STM. 

However, I show that other evidence involving the functional properties of memory traces 
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is also inconsistent with CTM and helps STM resolve some of its problematic data. 

Because the evidence is thus inconclusive for either theory, I recommend caution in 

accepting or rejecting either theory of memory. 

Importantly, the existence of inconsistent evidence for competing theories is not 

an anomaly in episodic memory research. In fact, as discussed in Section 2, even with 

inconsistent evidence, competing theories persist for a long time until the scientific 

community makes a decision to either reject or accept one of the competing theories. 

Crucially, inconsistent evidence for a particular theory should not be taken as a sufficient 

reason to reject it, because the inconsistency may not be due to deficiencies in the theory, 

but to deficiencies in the available data. In particular, in the case of memory traces and 

episodic memory, as argued by Barry and Maguire (2019a, 2019b), evidence for the 

maintenance of the identity of memory traces has not yet been found due to 

methodological limitations, as the studies are limited to one-month persistence, whereas 

some simulationist theories, such as theirs, predict that memory traces disappear after 

about four months. For this reason, more research on the functional nature of memory 

traces is needed to make a better decision about accepting/rejecting either CTM or STM. 
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