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Remembered Futures and Anticipated Pasts:  

The Recursive Grammar of Mental Time Travel 

Jonathan Redshaw (j.redshaw@uq.edu.au) 
School of Psychology, University of Queensland 

 

 

Abstract 

One feature of mental time travel is the ability to recursively 
embed temporal perspectives across different times: humans 
can remember how we anticipated the future and anticipate 
how we will remember the past. This recursive structure might 
be formalised in terms of a “grammar” that is reflective of but 
more general than linguistic notions of absolute and relative 
tense. Here I provide a foundation for this grammatical 
framework, emphasising a bounded (rather than unbounded) 
role of recursion in supporting mental time travel to a limited 
temporal depth and to actual and possible scenarios. 
Anticipated counterfactual thinking, for instance, entails three 
levels of mental time travel to a possible scenario (“in the 
future I will reflect on how my past self could have taken a 
different future action”) and is implicated in complex human 
decision-making. This perspective calls for further research 
into the nature and origins of recursive mental time travel. 

Keywords: recursion; metarepresentation; memory; 
prospection; counterfactual thinking; iteration 

 

When you were a child, what did you want to do when you 

grew up? When you reach the end of your life, how do you 

think you’ll look back on what you actually did? Humans can 

not only mentally travel to the past and future, but also 

remember our past anticipations and anticipate our future 

remembrances. We can likewise remember how we once 

remembered the past, anticipate how we will later anticipate 

the future, and even anticipate how we will remember our 

anticipations—and later remember those anticipated 

remembrances of our anticipations. If you’ve lost track of all 

these temporal levels, perhaps consider that if you’ve ever 

reflected on a past mistake and thought to yourself “I knew I 

would regret doing that”, then you were essentially 

remembering (level 4) how you anticipated (level 3) that you 

would eventually reflect on (level 2) that mistake and wish 

you’d chosen a different future (level 1). At face value, such 

multi-layered mental time travels are recursive (Corballis, 

2011; Suddendorf & Corballis, 2007), in that the cognitive 

processes responsible for representing a temporal perspective 

seem to call upon those same cognitive processes to represent 

another temporal perspective with hierarchical structure. 

Linguists have long alluded to a recursive structure of 

human temporal thought (e.g., Lodge, 1910; Murray, 1795), 

demarcating relative tense forms such as past perfect 

(remembered past-orientation), future perfect (anticipated 

past-orientation), future in the past (remembered future-

orientation), future in the future (anticipated future-

orientation), and even future perfect in the past (remembered 

anticipated past-orientation). Indeed, Corballis (2007, 2011) 

proposed that such tense forms, which do not appear in all 

languages, are but one manifestation of a universal human 

ability to recursively embed past and future minds. 

Psychologists working directly on mental time travel, 

nonetheless, typically employ a shallower taxonomy of 

temporal thought, largely restricting our study to the 

cognitive equivalents of absolute tense: simple past and 

simple future. This is not to say that work on recursive mental 

time travel is entirely absent. There is, for instance, a healthy 

tradition of research on the cognitive equivalent of 

conditional perfect tense—counterfactual thinking—in 

which one imagines what the present would look like had a 

past contingency been otherwise (Beck, 2020; De Brigard & 

Parikh, 2019; Rafetseder & Perner, 2014). Yet, with a few 

cursory exceptions (e.g., Gautam et al., 2019; Hoerl & 

McCormack, 2016; Redshaw & Suddendorf, 2020; 

Schidelko, 2023), there has been remarkably little 

acknowledgement that this form of counterfactual thinking 

entails mental time travel to an alternative future—from the 

relative perspective of the absolute past. More generally, 

what seems to be lacking is an integrative framework of the 

recursive “grammar” of mental time travel that incorporates 

both absolute and relative temporal reference. 

Here I lay the groundwork for such a framework, intending 

that it may be further developed, refined, and formalised in 

future work. This groundwork is itself inspired by the ideas 

of Suddendorf and Corballis (Corballis, 2007, 2011, 2014; 

Suddendorf, 2013a; Suddendorf et al., 2009; Suddendorf & 

Corballis, 2007), who have previously made cases for the 

importance of recursive processes in temporal cognition. I 

nonetheless extend their ideas by delimiting two different 

forms and roles of recursion in human mental time travel, by 

distinguishing several non-recursive and recursive 

expressions of temporal cognition, and by continuing some 

recent efforts (Carey et al., 2020; Gautam et al., 2019; 

Redshaw & Suddendorf, 2020) to amalgamate work on 

mental time travel with work on modal cognition (i.e., 

reasoning over possibilities; Leahy & Carey, 2020; Redshaw 

& Ganea, 2022). I also introduce a preliminary bracketed 

notation by which to classify recursive mental time travel, 

and suggest how and why the recursive depth of mental time 

travel may be limited in humans. A number of my arguments 

draw on thought experiments and conjecture rather than 

compelling data, providing the impetus for further conceptual 

and empirical inquiry. 

In what sense is mental time travel recursive? 

While it is evidently possible to delineate a recursive 

structure of mental time travel, it is less clear just how—or 

even if—this structure is cognitively substantiated. As has 

been argued for language (Christiansen & Chater, 2015; 
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Heine & Kuteva, 2007), it is possible that the apparently 

recursive structure of mental time travel is merely an artefact 

of the human capacity to recognise and formulate such 

structure, rather than reflecting any underlying 

(neuro)cognitive processes that call upon themselves. It may 

instead be, for instance, that each apparent representational 

level is substantiated via a distinct cognitive process, or that 

all concurrently represented levels are somehow “chunked” 

in a non-hierarchical manner. By contrast, if one gives 

credence to the language of thought hypothesis—which 

broadly posits that thought has a syntactical structure 

analogous to that of language (Fodor, 1975; Quilty-Dunn et 

al., 2023)—then the simple fact that we can formalise a 

coherent recursive (i.e., syntactical) structure of mental time 

travel provides circumstantial evidence for the veracity of 

that structure (also see Mahr & Schacter, 2023). As will 

become clear, thinking of mental time travel as a recursive 

process at the very least provides a useful means for cognitive 

scientists to identify and study various forms of temporal 

thought both common and rare in humans—both on the 

strong version of my proposal (mental time travel is a 

recursive cognitive process) and the weak version of my 

proposal (mental time travel can be systematically modelled 

as a recursive process). 

Although I cannot hope to resolve the fundamental 

question of whether mental time travel truly is recursive here, 

I do hope to strengthen the contention (Corballis, 2011, 2014) 

that it shares some very suggestive similarities with other 

processes traditionally conceived of as recursive. In 

linguistics and computer science, the term “recursion” has 

two related but distinct meanings (Karlsson, 2010; Parker, 

2006). One sense of recursion, tail recursion, roughly 

involves taking a series of complete elements and then adding 

another element of the same category to either end of the 

series. Drawing on similar illustrations (Christiansen & 

Chater, 2015; Corballis, 2011), here is a linguistic example 

of tail recursion with six elements (i.e., six verb phrases): 

(i) The farmer yelled at the dog that barked at the cat 

that chased the rat that bit the mouse that ate the cheese 

that sat in the field. 

The other sense of recursion, nested recursion (or centre-

embedded recursion), roughly involves partitioning one 

element of a series and embedding a second element of the 

same category, such that the second element is called upon 

and completed before the first element completes. Here is a 

grammatically correct linguistic example of nested recursion 

with six elements, which is equivalent to example (i): 

(ii) The cheese that the mouse that the rat that the cat 

that the dog that the farmer yelled at barked at chased 

bit ate sat in the field. 

Online comprehension of sentences with tail recursion, like 

(i), is not bounded by the total number of elements in the 

series, such that we can first grasp the relation between A and 

B, and then the relation between B and C, and so on. An 

equivalent sentence with nested recursion, like (ii), by 

contrast, can be unintelligible (Corballis, 2011).  

Mental time travel appears to exhibit analogous online 

processing constraints as sentences with nested recursive 

structure. It seems implausible, for instance, that anyone 

would anticipate remembrance of anticipated anticipation of 

remembered anticipation of remembered remembrance of 

anticipation, whereas mere anticipated remembrance of 

anticipation (e.g., “I would regret doing that”) is within our 

grasp. One possible explanation for these comparable 

constraints is that higher-level mental time travel entails 

nesting a representation of one’s own mind from a given time 

within another representation of one’s own mind from a 

different time (Corballis, 2014; Suddendorf & Corballis, 

2007). This representational nesting need not be episodic in 

character, such that one might simultaneously represent the 

episodic perspectives of all the different “selves” at all 

temporal levels. Instead, the nested structure could be 

encoded propositionally (see Mahr & Schacter, 2023), with 

one able to mentally attend to and switch between any 

episodic perspective in a serial manner (see the next section 

for an elaboration of such propositional encoding). 

Notably, previous frameworks of mental time travel have 

already expounded upon the role of recursive operations in 

the human capacity for generative thinking: the ability to 

imagine whatever, wherever, whenever (Corballis, 2011; 

Suddendorf, 2013a; Suddendorf et al., 2009; Suddendorf & 

Busby, 2003). In Suddendorf and Corballis’ (2007) theatre 

metaphor of mental time travel, for instance, the “playwright” 

populates the mental stage with imagined actors, objects, and 

settings in a discretely infinite manner (see Chomsky, 1965), 

functioning to enable the unbounded construction of potential 

future scenarios. But this notion of recursion is more 

reflective of tail recursion than nested recursion, in that the 

elements of generative thought accumulate within a single 

imagined scenario playing out over time, rather than being 

hierarchically organised across different scenarios. Indeed, 

whereas the capacity for generative thinking might be 

considered to increase the breadth of mental time travel in an 

unbounded fashion, the capacity for representational nesting 

might be considered to increase the depth of mental time 

travel in a bounded fashion.  

A recursive representational hierarchy 

This section outlines a hierarchy of representations that 

illustrate the nested recursive structure of mental time travel. 

As will become clear, each of these representations varies on 

three pertinent dimensions. First, only some representations 

are nominally recursive, in that the cognitive processes 

involved in representing a temporal perspective seem to call 

on those same cognitive processes to represent another 

temporal perspective with hierarchical structure. Second, 

these representations vary in multiplicity, in that some refer 

to a series of singular perspectives and events structured 

across time, whereas others refer to merely possible events 

with represented or implied alternatives (equivalent to the 

conditional mood in language). Third, these representations 

vary in relative temporal structure, or the unique structure of 

past-oriented and future-oriented temporal relations among 
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the encoded perspectives and events (as exemplified by the 

difference between remembered anticipation and anticipated 

remembrance).  

The section is primarily organised according to the 

maximum level of recursive nesting entailed in a given 

representational structure. I commence at level 0, 

emphasising that some basic forms of temporal cognition 

may not be recursive and yet might still have important 

functions. I then move on to level 1 (encompassing episodic 

memory and episodic foresight), which is arguably the first 

recursive level of mental time travel, before progressing 

through higher and more unambiguously recursive levels. 

From level 1 onwards I implement a preliminary bracketed 

notation to signify the relative temporal relations between the 

different levels of representational structure, with relatively 

past-oriented perspectives denoted by {past} and relatively 

future-oriented perspectives denoted by {future}. In this 

notation, the level 1 representation—i.e., the only 

representation that does not call upon another 

representation—is always denoted in the innermost brackets. 

A recursive representational structure with three levels might 

thus take the general form of {level3{level2{level1}}}, as 

exemplified by {past{future{past}}}. As will be clarified, 

however, such representational structures might also be 

considered to incorporate one’s present perspective at the 

outermost level, taking the general form of 

{present{level3{level2{level1}}}} and exemplified by 

{present{past{future{past}}}}. This notation has the 

advantage of encompassing all cognitive equivalents of 

relative tense forms (e.g., past perfect and future perfect), 

alongside forms of temporal thinking that have no tense 

equivalent in English or any other language. Still, the notation 

lacks precision in some respects, and I discuss potential 

revisions towards the end of the article. 

Level 0 

Some cognitive processes seem to refer to past or future 

events and yet do not have recursive structure and do not even 

involve mental time travel. In particular, these cognitive 

processes lack autonoesis—conscious awareness of 

represented experiences as being located in the past or 

future—which Tulving (1985, 2005) classically identified as 

an essential component of episodic cognition. Mind-

wandering, for instance, often involves representations of 

past or potential future events (Spronken et al., 2016), and yet 

much of mind-wandering occurs without awareness (Seli et 

al., 2016)—as when reading a boring passage of text and 

suddenly realising that your mind had drifted off while your 

eyes were still scanning the page. Such involuntary mind-

wandering might have originally evolved as a precursor to 

full-blown mental time travel, functioning to prompt animals 

to act with reference to past or potential future events without 

having to represent these events as being located at particular 

times (Redshaw, 2014). Hoerl and McCormack (2019) make 

a similar case for a primordial temporal updating system, 

which might enable an animal to maintain a tenseless 

representation of its broader environment (i.e., beyond its 

current sensory scope) and the actions it might take there. 

Other neurocognitive processes that appear to refer to past 

or potential future events without necessarily requiring 

autonoesis include hippocampal replay and pre-play 

sequences, which map out particular spatial routes in an 

animal’s immediate (Kay et al., 2020; Pfeiffer & Foster, 

2013) or broader environment (Karlsson & Frank, 2009; 

Wilson & McNaughton, 1994). Among rodents—and 

probably other mammals—replay and pre-play sequences 

correlate with actual past and future behaviour, potentially 

functioning to consolidate memories and aid navigational 

decisions (Gupta et al., 2010; Mahr & Fischer, 2023; Pfeiffer, 

2020). These sequences also, however, typically play out 

around ten times faster than in situ navigation (Diba & 

Buzsáki, 2007), rather than playing out in roughly real time 

as human mental time travel is often conceived of 

(Suddendorf et al., 2022). Indeed, as Comrie et al. (2022) 

emphasise, such hippocampal activity “can be understood at 

the level of the brain and need not entail conscious awareness 

or mental imagery”. It seems unlikely, therefore, that that this 

activity is essentially autonoetic in and of itself.  

Intriguingly, there is some evidence that hippocampal pre-

play sequences can rapidly cycle between two alternative 

possible future actions via the theta rhythm (Kay et al., 2020), 

and that “replay” sequences often encode counterfactual past 

actions rather than actual past actions (A. Carey et al., 2019; 

Gillespie et al., 2021). Such representations might function to 

enable animals to select between and act with reference to 

mutually exclusive alternatives, without necessarily 

understanding the mutually exclusive relation that links such 

alternatives (Redshaw & Ganea, 2022; Redshaw & 

Suddendorf, 2020) or even being consciously aware of each 

alternative (Comrie et al., 2022). Indeed, assuming that these 

representations are not accompanied by autonoesis, it would 

appear that even rudimentary, non-recursive temporal 

representations can encode multiplicity. Such level 0 

representations of alternative future and counterfactual past 

possibilities might thus be conceived of as “pseudo” forms of 

the mental time travel with multiplicity that I cover below.  

Level 1  

The bulk of direct work on mental time travel has examined 

level 1 processes: episodic memory (Tulving, 1983) and 

episodic foresight (Suddendorf, 2010; also called episodic 

future-thinking, Atance & O'Neill, 2001). By definition, these 

processes entail the autonoetic awareness that one is mentally 

projecting oneself through time (Tulving, 1985, 2005). What 

is less clear, however, is whether level 1 mental time travel 

qualifies as recursive. At face value it is non-recursive 

(Suddendorf & Corballis, 2007), in that the cognitive 

processes responsible for generating a mental scenario do not 

seem to be called upon to generate another mental scenario 

with hierarchical structure. If, however, autonoesis depends 

on the metarepresentational understanding that one’s present 

mind can hierarchically represent one’s past or future mind 

(Corballis, 2011, 2014)—thus endowing mental time travel 
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with its temporal quality (Redshaw, 2014)—then it follows 

that episodic memory and foresight are indeed recursive with 

temporal structures of {present{past}} and 

{present{future}}. Although this distinction might seem 

trivial, the recursiveness or non-recursiveness of autonoesis 

could prove one key to progressing the controversy 

surrounding whether non-human animals are capable of 

mental time travel (Cheke & Clayton, 2010; Corballis, 2013; 

Hoerl & McCormack, 2019; Martin‐Ordas, 2020; Osvath & 

Martin-Ordas, 2014; Suddendorf, 2013b; Suddendorf & 

Corballis, 2007). If, for instance, it was conclusively 

demonstrated that autonoesis entails recursive cognition, then 

one might be less inclined to attribute level 1 mental time 

travel capacities to animals (who show no compelling 

evidence of recursive communication) than if it was shown 

that autonoesis does not entail recursive cognition. I do not 

intend to resolve this question one way or the other here, but 

for the sake of consistency I will continue to incorporate the 

present mind when denoting relative temporal structure. 

Level 1 mental time travel can vary in multiplicity, in that 

we are not constrained to imagining only one version of an 

event located at a given time. Multiplicity is often evident in 

episodic foresight, for instance, when you imagine and 

compare mutually exclusive versions of a single future 

event—with a plural temporal structure of 

{present{futures}}. This process can be as simple as 

imagining and preparing for two possible paths that an object 

might take (Beck et al., 2006; Redshaw & Suddendorf, 2016), 

or as complex as evaluating several possible career choices 

you might make. Redshaw and Suddendorf (2020) have 

argued that an explicit understanding of mutually exclusive 

futures entails a capacity to represent temporal junctures, or 

points in time where subjectively possible versions of reality 

diverge from one another like a fork in the road. Nonetheless, 

it is also common to compare different futures without 

representing temporal junctures, as when you might compare 

a utopian future to a dystopian future without necessarily 

imagining the contingencies that could lead to one or the 

other. But because such cases lack a represented temporal 

relation linking the alternatives (i.e., a temporal juncture), it 

may be more accurate to conceive of them as entailing 

multiple distinct representations with singular structure—

{present{futureA}} and {present{futureB}}—rather than an 

integrated representation in the form of {present{futures}}.  

It is likewise possible to compare level 1 representations of 

the past without representing temporal junctures, with these 

representations having distinct singular structures of 

{present{pastA}} and {present{pastB}}. You might make 

such a comparison, for instance, when asked to rank two job 

candidates based on their interview performances. However, 

because represented temporal junctures inherently face 

forward with the arrow of time (Redshaw & Suddendorf, 

2020), it is not clear that it makes sense to delineate level 1 

mental time travel structures with integrated past multiplicity 

in the form of {present{pasts}}. Rather, as will be clarified, 

representing alternative pasts within the same hierarchical 

structure might necessitate level 2 mental time travel. 

Level 2  

At the second level and above, the structure of mental time 

travel is more unambiguously recursive (Suddendorf & 

Corballis, 2007), even among instances without multiplicity. 

Some such instances have a {present{past{past}}} structure, 

as when recalling what someone else told you about a past 

event (i.e., hearsay), whereas others have a 

{present{future{future}}} structure, as when you propose a 

meeting at which you will plan an upcoming event. 

Conversely, you might recall what someone else told you 

about their plan, structured {present{past{future}}}, or 

propose a meeting to discuss a recent incident, structured 

{present{future{past}}}. Level 2 mental time travel can also 

take forms with both recursiveness and multiplicity, like 

{present{future{futures}}}, {present{futures{future}}}, or 

even {present{futures{futures}}}. The final form, for 

instance, would encompass a situation where a group must 

decide between two possible meeting venues (level 2), at 

which they will discuss which of two possible plans they will 

enact (level 1). Thus, recursive mental time travel with 

multiple future-oriented perspectives can incorporate 

temporal junctures at both higher and lower levels.  

Much of the relevant work on level 2 mental time travel 

has examined counterfactual thinking. Although this term has 

alternative meanings (Beck, 2016; Weisberg & Gopnik, 

2013; Weisberg & Gopnik, 2016), one research tradition 

holds that counterfactual thinking involves mentally undoing 

an actual past event and imagining what the present would 

look like had an antecedent of that event unfolded otherwise 

(McCormack et al., 2018; Rafetseder et al., 2010; Rafetseder 

& Perner, 2014). After missing an early morning meeting, for 

instance, you might think to yourself “if only I had set my 

alarm last night…” or “if only my bus had arrived on 

time…”. Implicated in this process is the recognition that, in 

the absolute past, there were alternative ways the relative 

future could have unfolded (Gautam et al., 2019; Hoerl & 

McCormack, 2016) at a temporal juncture (Redshaw & 

Suddendorf, 2020). This form of counterfactual thinking thus 

has a temporal structure featuring both recursiveness and 

multiplicity, {present{past{futures}}}.  

Counterfactual thinking appears to have many important 

functions in human cognition and behaviour (Redshaw & 

Ganea, 2022). Causal judgements about past events, for 

instance, have been proposed to rely on counterfactual 

simulation, with experiments showing that adults tend to 

judge that object X caused event Y if and only if event Y 

would not have eventuated in the case that object X was 

absent (Gerstenberg, 2022; Gerstenberg et al., 2021). 

Counterfactual thinking also supports moral judgements, 

such that people (including children aged 6 years and older; 

Gautam et al., 2023; Wong et al., 2023) tend to make stronger 

judgements about a character’s “good” or “bad” action if that 

character had a counterfactual choice available to them at the 

time. People similarly tend to make stronger judgements 

about their own past actions if there were counterfactual 

alternatives available at the time (Gautam et al., 2022; Jones 

et al., 2024; Weisberg & Beck, 2012). The counterfactual 
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emotions of regret (McCormack et al., 2020) and relief 

(Graham et al., 2022), for instance, arise when you consider 

that you could have taken a better or worse past action, 

respectively, than your actual past action. Accordingly, the 

functional theory of counterfactual thinking (Epstude & 

Roese, 2008) suggests that people tend to focus on 

counterfactuals that were within their own control (e.g., “I 

wish I had brought my umbrella”) rather than counterfactuals 

that were out of their control (e.g., “I wish it hadn’t started 

raining”), given that only controllable factors can be altered 

in similar future situations (also see Schacter et al., 2015). 

That is, counterfactual thinking with the level 2 form of 

{present{past{futures}}} may often function to aid mental 

time travel with the level 1 form of {present{futures}}. 

Level 3 

From level 3 onwards, the range of conceivable temporal 

structures considerably expands. Some of these structures 

may be rarely expressed, including the one-way journeys of 

{present{past{past{past}}}} and {present{future{future 

{future}}}}. It is nonetheless plausible, for instance, that you 

would set a reminder in your calendar for tomorrow morning 

(level 3), because you plan to contact your colleagues to 

propose a meeting (level 2) at which you will plan an 

upcoming event (level 1).  

Perhaps the most common form of level 3 mental time 

travel is anticipated counterfactual thinking, in which one 

foresees looking back on a relative past decision and 

imagining what else one could have done (Gautam et al., 

2019; Hoerl & McCormack, 2016) at the relevant temporal 

juncture (Redshaw & Suddendorf, 2020). Anticipated 

counterfactual thinking can take one of two temporal 

structures. The first structure, {present{future{past 

{futures}}}}, entails a situation in which you have already 

taken a particular course of action, yet you nonetheless 

recognise that in the future (level 3) you will continue to 

reflect on that past action (level 2) and consider what would 

have happened following an alternative course of action 

(level 1). Such thinking might be common, for instance, after 

making an especially consequential life choice like accepting 

a job offer or immigrating to a new country—i.e., “I will 

always wonder what my life would have been like if I did 

not...”. The second structure of anticipated counterfactual 

thinking, {present{futures{past{futures}}}}, entails a 

situation in which you have yet to make up your mind about 

a future course of action, and for at least one possible future 

action (level 3) you consider how you would eventually 

reflect on (level 2) that action and its alternatives (level 1).  

Anticipated counterfactual thinking with the first structure 

may function in a similar manner to level 2 counterfactual 

thinking, in that it may prompt us to make better decisions 

when confronted with similar future choices with the level 1 

form of {present{futures}}. Anticipated counterfactual 

thinking with the second structure, however, appears much 

more straightforwardly functional, in that it can prompt us to 

make a better decision before any such decision has been 

made. One common domain in which such thinking may 

prompt better decisions is intertemporal choice, in which an 

agent is confronted with a decision between a smaller, sooner 

reward or a larger, later reward (Berns et al., 2007). For 

instance, by considering that you might eventually (level 3) 

look back with regret (level 2) at choosing the tempting 

sooner reward (level 1), you may be more likely to take the 

alternative level 1 action of choosing the later reward (see 

Bulley & Schacter, 2020). Anticipated regret is likewise a 

strong predictor of health-related choices (Brewer et al., 

2016), including in the domains of exercise (Abraham & 

Sheeran, 2004), nutrition (van Koningsbruggen et al., 2016), 

and vaccine uptake (Lorimer et al., 2024). Indeed, whereas 

the functional theory of counterfactual thinking (Epstude & 

Roese, 2008) itself has only mixed empirical support 

(Mercier et al., 2017), the functional value of anticipated 

counterfactual thinking in the form of 

{present{futures{past{futures}}}} is almost self-evident.  

Higher levels  

Recursive mental time travel beyond level 3 is sometimes 

feasible (Redshaw & Suddendorf, 2020). You can likely, for 

instance, recall a past moment of anticipated counterfactual 

thinking, with such recollection perhaps taking the level 4 

form of {present{past{futures{past{futures}}}}}. If you 

squint hard enough, you might even be able to imagine how 

you would recall that moment of anticipated counterfactual 

thinking tomorrow, with a level 5 form of 

{present{future{past{futures{past{futures}}}}}}. Alter-

natively, you might remember the beginning of this article, 

where I asked you to reflect on a level 4 moment of thinking 

“I knew I would regret doing that”—such that your current 

remembrance (level 6) of that prompted reflection (level 5) 

now takes the form of {present{past{past{past{futures{past 

{futures}}}}}}}. Alas, I suspect it might be more tempting 

to chunk the lower five levels together and simply remember 

(level 2) that you read such a passage that asked you to reflect 

on a past moment (level 1). 

Evidently, such high levels of mental time travel can be 

cognitively taxing and impractical. As outlined earlier, the 

proximate explanation for this difficulty might involve a limit 

on the number of nested relations humans can concurrently 

entertain. Ultimately, however, there might be little selective 

pressure to further expand this limit, given that higher limits 

might have rapidly diminishing returns. Indeed, whereas a 

soft limit of 3 levels of mental time travel is plainly useful 

from an evolutionary standpoint—in that it provides the 

means to pre-experience delayed emotional consequences of 

level 1 decisions (via anticipated regret and relief)—there is 

no such obvious gain to be drawn from higher levels. It is 

even feasible that higher levels of mental time travel could 

lead to maladaptive decision hesitancy, in that it might be 

difficult to resolve the intrapersonal conflict that would arise 

between more and more versions of the self represented 

across time. Accordingly, consistent with the Goldilocks 

principle (e.g., Hill et al., 2016; Kidd et al., 2014), humans 

might have evolved a soft limit on recursive mental time 

travel that is “just right” to support adaptive decision-making. 
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Links with other recursive capacities 

Besides mental time travel, another obvious candidate for an 

evolutionary driver of nested recursive thinking is theory of 

mind, which has an analogous hierarchical structure of minds 

within minds (Corballis, 2011; Redshaw & Suddendorf, 

2020; Schidelko, 2023). Arguably, level 0 expressions of 

theory of mind include implicit belief tracking, whereby 

infants (Onishi & Baillargeon, 2005) and non-human great 

apes (Krupenye et al., 2016) appear to predict the belief-

driven actions of another agent without necessarily reasoning 

about or even being conscious of the very beliefs driving 

those actions (Perner & Ruffman, 2005; Rakoczy, 2022). 

Level 1 theory of mind, by contrast—if taken to be 

recursive—would encompass any situation in which one 

possesses the metarepresentational understanding that one’s 

own mind is representing another mind in the form of 

{me{other}}, regardless of whether the represented content 

of that other mind is congruent or incongruent with the 

content of one’s own mind. Again, higher levels of theory of 

mind are more unambiguously recursive, as per second-order 

belief understanding (Perner & Wimmer, 1985) and third-

order belief understanding (Osterhaus & Koerber, 2021). 

Level 3 theory of mind, for instance, can take the form of 

{me{other{me{other}}}}, as when you recognise that 

another person thinks (level 3) that you have a false belief 

(level 2) about what that person knows (level 1). It can also 

take forms such as {me{other3{other2{other1}}}}, as when 

you recognise what person 3 thinks (level 3) about what 

person 2 thinks (level 2) about what person 1 thinks (level 1). 

One property of recursive mental time travel and theory of 

mind is that it is feasible, and perhaps common, to engage 

these processes concurrently. Level 3 mental time travel, for 

instance, can be readily combined with level 3 theory of 

mind, as when you might anticipate (level 3) that you would 

immediately regret (level 2) correcting a friend’s minor 

misconception (level 1), for fear that she might form the false 

belief (level 3) that you think (level 2) that she knows little 

about the subject (level 1). Although the total number of 

recursive relations entailed in this example is 6 (if one accepts 

level 1 thinking as recursive), the maximum recursive depth 

is only 3. The apparent ease of processing such combined 

instances—as compared to processing standalone mental 

time travel and theory of mind instances with a recursive 

depth of 6—suggests that the limits of recursive thinking may 

lie in maximum recursive depth rather than in the total 

number of recursive relations entertained per se.  

Conclusions and future directions 

Here I have outlined a preliminary framework of the 

recursive grammar of mental time travel. This framework 

distinguishes tail recursive and nested recursive processes, 

delineates numerous non-recursive and recursive forms of 

temporal thought, and introduces a notation by which to 

identify and categorise recursive forms. There are, however, 

many open questions, including about the fundamental 

validity of formulating mental time travel in recursive terms.  

Despite these open questions, the framework makes clear 

predictions about the developmental trajectory and 

phylogenetic distribution of temporal cognition. In particular, 

it suggests that children and animals should never be capable 

of nominally higher-level forms of mental time travel without 

also being capable of nominally lower-level forms (at least 

when holding multiplicity constant). One challenge for this 

area, however, is to design experiments that can distinguish 

between (i) behaviour that is genuinely underpinned by 

mental time travel processes with recursive structure, and (ii) 

behaviour that is instead underpinned by non-recursive, 

pseudo mental time travel processes such as those outlined in 

the Level 0 section. This will not be an easy challenge, as 

foreshadowed by related ongoing debates about whether 

young children (Alderete & Xu, 2023; Leahy, 2024; Leahy & 

Carey, 2020; Redshaw & Suddendorf, 2016; Turan-Küçük & 

Kibbe, 2024) and non-human primates (Engelmann et al., 

2023; Lambert & Osvath, 2018; Redshaw & Suddendorf, 

2016, 2020) can represent mutually exclusive futures in the 

integrated form of {present{futures}}. Nonetheless, if the 

addition of nested recursive structure to temporal cognition is 

indeed evolutionarily meaningful, then it must be tractable to 

natural selection and thus also to experimental inquiry. 

On a more procedural note, the bracketed notation I have 

introduced here is illustrative but underdeveloped, in that it 

calls attention to the key aspects of the representational 

hierarchy under consideration while also lacking precision. 

The notation {present{past{future}}}, for instance, does not 

specify whether the relative future (from the perspective of 

the past) is situated in the absolute past, present, or future. A 

more precise notation might incorporate positive and 

negative subscripts to denote absolute time (with present time 

set at 0), such that {present0{past-1{future1}}} indicates that 

the relative future is in the absolute future, {present0              

{past-1{future0}}} indicates that the relative future is in the 

absolute present, and {present0{past-2{future-1}}} indicates 

that the relative future is in the absolute past. The illustrative 

notation also does not distinguish between the total number 

of possible futures under consideration for a future-oriented 

perspective with multiplicity. This aspect might be denoted 

with superscripts, such that {present0{past-1{futures0}2}} 

would indicate counterfactual thinking with two represented 

possibilities, whereas {present0{past-1{futures0}3}} would 

indicate counterfactual thinking with three represented 

possibilities (e.g., “it could have been better than it is, but it 

also could have been worse”).  

The concept of recursion appears to hold much promise for 

furthering our understanding of complex human cognition, 

well beyond its traditional applications in linguistics. But 

whereas other influential frameworks have proposed a 

broader role of recursion in producing discrete infinity, the 

current framework emphasises that more finite expressions of 

recursion might have been similarly important in making 

humans who we are. We might not be able to endlessly 

embed minds within minds across different times, but the 

limited temporal depths that we can traverse might have been 

just right for opening new frontiers of thought and behaviour. 

1438



References  

Abraham, C., & Sheeran, P. (2004). Deciding to exercise: 

The role of anticipated regret. British Journal of Health 

Psychology, 9(2), 269-278. 

Alderete, S., & Xu, F. (2023). Three-year-old children's 

reasoning about possibilities. Cognition, 237, 105472. 

Atance, C. M., & O'Neill, D. K. (2001). Episodic future 

thinking. Trends in Cognitive Sciences, 5(12), 533-539.  

Beck, S. R. (2016). Why what is counterfactual really 

matters: A response to Weisberg and Gopnik (2013). 

Cognitive Science, 40(1), 253-256.  

Beck, S. R. (2020). The subject of children’s counterfactual 

thoughts. Psychology of Consciousness: Theory, Research, 

and Practice, 7(4), 340-350.  

Beck, S. R., Robinson, E. J., Carroll, D. J., & Apperly, I. A. 

(2006). Children's thinking about counterfactuals and 

future hypotheticals as possibilities. Child Development, 

77(2), 413-426. 

Berns, G. S., Laibson, D., & Loewenstein, G. (2007). 

Intertemporal choice–toward an integrative framework. 

Trends in Cognitive Sciences, 11(11), 482-488.  

Brewer, N. T., DeFrank, J. T., & Gilkey, M. B. (2016). 

Anticipated regret and health behavior: A meta-analysis. 

Health Psychology, 35(11), 1264-1275.  

Bulley, A., & Schacter, D. L. (2020). Deliberating trade-offs 

with the future. Nature Human Behaviour, 4(3), 238-247.  

Carey, A. A., Tanaka, Y., & van Der Meer, M. A. (2019). 

Reward revaluation biases hippocampal replay content 

away from the preferred outcome. Nature Neuroscience, 

22(9), 1450-1459.  

Carey, S., Leahy, B., Redshaw, J., & Suddendorf, T. (2020). 

Could it be so? The cognitive science of possibility. Trends 

in Cognitive Sciences, 24(1), 3-4.  

Cheke, L. G., & Clayton, N. S. (2010). Mental time travel in 

animals. Wiley Interdisciplinary Reviews: Cognitive 

Science, 1(6), 915-930.  

Chomsky, N. (1965). Aspects of the theory of syntax. MIT 

Press.  

Christiansen, M. H., & Chater, N. (2015). The language 

faculty that wasn't: A usage-based account of natural 

language recursion. Frontiers in Psychology, 6, 1182.  

Comrie, A., Frank, L., & Kay, K. (2022). Imagination as a 

fundamental function of the hippocampus. Philosophical 

Transactions of the Royal Society B, 377, 20210336. 

Corballis, M. C. (2007). The uniqueness of human recursive 

thinking. American Scientist, 95(3), 240-248.  

Corballis, M. C. (2011). The recursive mind. Princeton 

University Press.  

Corballis, M. C. (2013). Mental time travel: a case for 

evolutionary continuity. Trends in Cognitive Sciences, 

17(1), 5-6.  

Corballis, M. C. (2014). Recursive cognition as a prelude to 

language. In F. Lowenthal & L. Lefebvre (Eds.), Language 

and recursion (pp. 27-36). Springer.  

De Brigard, F., & Parikh, N. (2019). Episodic counterfactual 

thinking. Current Directions in Psychological Science, 

28(1), 59-66.  

Diba, K., & Buzsáki, G. (2007). Forward and reverse 

hippocampal place-cell sequences during ripples. Nature 

Neuroscience, 10(10), 1241-1242.  

Engelmann, J. M., Völter, C. J., Goddu, M. K., Call, J., 

Rakoczy, H., & Herrmann, E. (2023). Chimpanzees 

prepare for alternative possible outcomes. Biology Letters, 

19(6), 20230179. 

Epstude, K., & Roese, N. J. (2008). The functional theory of 

counterfactual thinking. Personality and Social 

Psychology Review, 12(2), 168-192.  

Fodor, J. A. (1975). The language of thought. Harvard 

University Press.  

Gautam, S., Owen Hall, R., Suddendorf, T., & Redshaw, J. 

(2023). Counterfactual choices and moral judgments in 

children. Child Development, 94(5), e296-e307.  

Gautam, S., Suddendorf, T., Henry, J. D., & Redshaw, J. 

(2019). A taxonomy of mental time travel and 

counterfactual thought: Insights from cognitive 

development. Behavioural Brain Research, 374, 112108.  

Gautam, S., Suddendorf, T., & Redshaw, J. (2022). 

Counterfactual thinking elicits emotional change in young 

children. Philosophical Transactions of the Royal Society 

B, 377(1866), 20210346.  

Gerstenberg, T. (2022). What would have happened? 

Counterfactuals, hypotheticals, and causal judgments. 

Philosophical Transactions of the Royal Society B, 

377(1866), 20210339.  

Gerstenberg, T., Goodman, N. D., Lagnado, D. A., & 

Tenenbaum, J. B. (2021). A counterfactual simulation 

model of causal judgments for physical events. 

Psychological Review, 128(5), 936-975.  

Gillespie, A. K., Maya, D. A. A., Denovellis, E. L., Liu, D. 

F., Kastner, D. B., Coulter, M. E., Roumis, D. K., Eden, U. 

T., & Frank, L. M. (2021). Hippocampal replay reflects 

specific past experiences rather than a plan for subsequent 

choice. Neuron, 109(19), 3149-3163. e3146.  

Graham, A. J., McCormack, T., Lorimer, S., Hoerl, C., Beck, 

S. R., Johnston, M., & Feeney, A. (2022). Relief in 

everyday life. Emotion, 23(7), 1844-1868.  

Gupta, A. S., Van Der Meer, M. A., Touretzky, D. S., & 

Redish, A. D. (2010). Hippocampal replay is not a simple 

function of experience. Neuron, 65(5), 695-705.  

Hauser, M., Chomsky, N., & Fitch, W. T. (2002). The faculty 

of language: what is it, who has it, and how did it evolve? 

Science, 298(5598), 1569–1579.  

Heine, B., & Kuteva, T. (2007). The genesis of grammar: A 

reconstruction. Oxford University Press.  

Hill, F., Bordes, A., Chopra, S., & Weston, J. (2016). The 

Goldilocks principle: Reading children’s books with 

explicit memory representations. International Conference 

on Learning Representations (San Juan, Puerto Rico). 

Hoerl, C., & McCormack, T. (2016). Making decisions about 

the future: Regret and the cognitive function of episodic 

memory. In K. Michaelian, S. B. Klein, & K. K. Szpunar 

(Eds.), Seeing the future: Theoretical perspectives on 

future-oriented mental time travel (pp. 241-266). Oxford 

University Press.  

1439



Hoerl, C., & McCormack, T. (2019). Thinking in and about 

time: A dual systems perspective on temporal cognition. 

Behavioral and Brain Sciences, 42, e244.  

Jones, A. K., Gautam, S., & Redshaw, J. (2024). Young 

children experience both regret and relief in a gain-or-loss 

context. Cognition and Emotion, 38(1), 163-170.  

Karlsson, F. (2010). Syntactic recursion and iteration. In H. 

van der Hulst (Ed.), Recursion and human language (pp. 

43-67). De Gruyter Mouton.  

Karlsson, M. P., & Frank, L. M. (2009). Awake replay of 

remote experiences in the hippocampus. Nature 

Neuroscience, 12(7), 913-918.  

Kay, K., Chung, J. E., Sosa, M., Schor, J. S., Karlsson, M. P., 

Larkin, M. C., Liu, D. F., & Frank, L. M. (2020). Constant 

sub-second cycling between representations of possible 

futures in the hippocampus. Cell, 180(3), 552-567. e525.  

Kidd, C., Piantadosi, S. T., & Aslin, R. N. (2014). The 

Goldilocks effect in infant auditory attention. Child 

Development, 85(5), 1795-1804.  

Krupenye, C., Kano, F., Hirata, S., Call, J., & Tomasello, M. 

(2016). Great apes anticipate that other individuals will act 

according to false beliefs. Science, 354(6308), 110-114. 

Lambert, M. L., & Osvath, M. (2018). Comparing 

chimpanzees' preparatory responses to known and 

unknown future outcomes. Biology Letters, 14(9), 

20180499. 

Leahy, B. (2024). Many preschoolers do not distinguish the 

possible from the impossible in a marble-catching task. 

Journal of Experimental Child Psychology, 238, 105794. 

Leahy, B. P., & Carey, S. E. (2020). The acquisition of modal 

concepts. Trends in Cognitive Sciences, 24(1), 65-78.  

Lodge, G. (1910). Editorial: Uniform grammatical 

terminology. The Classical Weekly, 3(19), 153-154.  

Lorimer, S., McCormack, T., Hoerl, C., Johnston, M., Beck, 

S. R., & Feeney, A. (2024). Do both anticipated relief and 

anticipated regret predict decisions about influenza 

vaccination? British Journal of Health Psychology, 29(1), 

134-148.  

Mahr, J. B., & Fischer, B. (2023). Internally triggered 

experiences of hedonic valence in nonhuman animals: 

Cognitive and welfare considerations. Perspectives on 

Psychological Science, 18(3), 688-701.  

Mahr, J. B., & Schacter, D. L. (2023). A language of episodic 

thought? Behavioral & Brain Sciences, 46, e261: 254-255.  

Martin‐Ordas, G. (2020). It is about time: Conceptual and 

experimental evaluation of the temporal cognitive 

mechanisms in mental time travel. Wiley Interdisciplinary 

Reviews: Cognitive Science, 11(6), e1530.  

McCormack, T., Feeney, A., & Beck, S. R. (2020). Regret 

and decision-making: A developmental perspective. 

Current Directions in Psychological Science, 29(4), 346-

350.  

McCormack, T., Ho, M., Gribben, C., O’Connor, E., & 

Hoerl, C. (2018). The development of counterfactual 

reasoning about doubly-determined events. Cognitive 

Development, 45, 1-9.  

Mercier, H., Rolison, J. J., Stragà, M., Ferrante, D., Walsh, 

C. R., & Girotto, V. (2017). Questioning the preparatory 

function of counterfactual thinking. Memory & Cognition, 

45(2), 261-269.  

Murray, L. (1795). English grammar, adapted to the different 

classes of learner. S. Probasco.  

Onishi, K. H., & Baillargeon, R. (2005). Do 15-month-old 

infants understand false beliefs? Science, 308(5719), 255-

258. 

Osterhaus, C., & Koerber, S. (2021). The development of 

advanced theory of mind in middle childhood: A 

longitudinal study from age 5 to 10 years. Child 

Development, 92(5), 1872-1888. 

Osvath, M., & Martin-Ordas, G. (2014). The future of future-

oriented cognition in non-humans: theory and the empirical 

case of the great apes. Philosophical Transactions of the 

Royal Society B, 369(1655), 20130486.  

Parker, A. R. (2006). Evolving the narrow language faculty: 

was recursion the pivotal step? In A. Cangelosi, A. D. M. 

Smith, & K. Smith (Eds.), The evolution of language (pp. 

239-246). World Scientific.  

Perner, J., & Wimmer, H. (1985). “John thinks that Mary 

thinks that…” attribution of second-order beliefs by 5-to 

10-year-old children. Journal of Experimental Child 

Psychology, 39(3), 437-471. 

Perner, J., & Ruffman, T. (2005). Infants' insight into the 

mind: How deep? Science, 308(5719), 214-216. 

Pfeiffer, B. E. (2020). The content of hippocampal “replay”. 

Hippocampus, 30(1), 6-18.  

Pfeiffer, B. E., & Foster, D. J. (2013). Hippocampal place-

cell sequences depict future paths to remembered goals. 

Nature, 497(7447), 74-79.  

Quilty-Dunn, J., Porot, N., & Mandelbaum, E. (2023). The 

best game in town: The re-emergence of the language of 

thought hypothesis across the cognitive sciences. 

Behavioral and Brain Sciences, 46, e261: 261-275.  

Rafetseder, E., Cristi‐Vargas, R., & Perner, J. (2010). 

Counterfactual reasoning: Developing a sense of “nearest 

possible world”. Child Development, 81(1), 376-389.  

Rafetseder, E., & Perner, J. (2014). Counterfactual reasoning: 

Sharpening conceptual distinctions in developmental 

studies. Child Development Perspectives, 8(1), 54-58.  

Rakoczy, H. (2022). Foundations of theory of mind and its 

development in early childhood. Nature Reviews 

Psychology, 1(4), 223-235. 

Redshaw, J. (2014). Does metarepresentation make human 

mental time travel unique? Wiley Interdisciplinary 

Reviews: Cognitive Science, 5(5), 519-531.  

Redshaw, J., & Ganea, P. A. (2022). Thinking about 

possibilities: mechanisms, ontogeny, functions and 

phylogeny. Philosophical Transactions of the Royal 

Society B, 377(1866), 20210333.  

Redshaw, J., & Suddendorf, T. (2016). Children’s and apes’ 

preparatory responses to two mutually exclusive 

possibilities. Current Biology, 26(13), 1758-1762.  

Redshaw, J., & Suddendorf, T. (2020). Temporal junctures in 

the mind. Trends in Cognitive Sciences, 24(1), 52-64.  

1440



Roese, N. J., & Epstude, K. (2017). The functional theory of 

counterfactual thinking: New evidence, new challenges, 

new insights. In J. M. Olson (Ed.), Advances in 

Experimental Social Psychology (Vol. 56, pp. 1-79). 

Elsevier Academic Press.  

Schacter, D. L., Benoit, R. G., De Brigard, F., & Szpunar, K. 

K. (2015). Episodic future thinking and episodic 

counterfactual thinking: Intersections between memory 

and decisions. Neurobiology of Learning and Memory, 

117, 14-21.  

Schidelko, L. (2023). The development of recursive meta-

representational theory of mind. University of Göttingen.  

Seli, P., Risko, E. F., Smilek, D., & Schacter, D. L. (2016). 

Mind-wandering with and without intention. Trends in 

Cognitive Sciences, 20(8), 605-617.  

Spronken, M., Holland, R. W., Figner, B., & Dijksterhuis, A. 

(2016). Temporal focus, temporal distance, and mind-

wandering valence: Results from an experience sampling 

and an experimental study. Consciousness and Cognition, 

41, 104-118.  

Suddendorf, T. (2010). Episodic memory versus episodic 

foresight: Similarities and differences. Wiley 

Interdisciplinary Reviews: Cognitive Science, 1(1), 99-

107.  

Suddendorf, T. (2013a). The gap: The science of what 

separates us from other animals. Basic Books.  

Suddendorf, T. (2013b). Mental time travel: continuities and 

discontinuities. Trends in Cognitive Sciences, 17(4), 151-

152.  

Suddendorf, T., Addis, D. R., & Corballis, M. C. (2009). 

Mental time travel and the shaping of the human mind. 

Philosophical Transactions of the Royal Society B, 

364(1521), 1317-1324.  

Suddendorf, T., & Busby, J. (2003). Mental time travel in 

animals? Trends in Cognitive Sciences, 7(9), 391-396.  

Suddendorf, T., & Corballis, M. C. (2007). The evolution of 

foresight: What is mental time travel, and is it unique to 

humans? Behavioral and Brain Sciences, 30(3), 299-313.  

Suddendorf, T., Redshaw, J., & Bulley, A. (2022). The 

invention of tomorrow: A natural history of foresight. 

Basic Books.  

Tulving, E. (1983). Elements of episodic memory. Oxford 

University Press.  

Tulving, E. (1985). Memory and consciousness. Canadian 

Psychology/Psychologie Canadienne, 26(1), 1-12.  

Tulving, E. (2005). Episodic memory and autonoesis: 

Uniquely human. In J. Metcalfe & H. S. Terrace (Eds.), The 

missing link in cognition: Origins of self-reflective 

consciousness (pp. 3-56). Oxford University Press.  

Turan-Küçük, E. N., & Kibbe, M. M. (2024). Three-year-

olds' ability to plan for mutually exclusive future 

possibilities is limited primarily by their representations of 

possible plans, not possible events. Cognition, 244, 

105712. 

van Koningsbruggen, G. M., Harris, P. R., Smits, A. J., 

Schüz, B., Scholz, U., & Cooke, R. (2016). Self-

affirmation before exposure to health communications 

promotes intentions and health behavior change by 

increasing anticipated regret. Communication Research, 

43(8), 1027-1044.  

Weisberg, D. P., & Beck, S. R. (2012). The development of 

children's regret and relief. Cognition and Emotion, 26(5), 

820-835.  

Weisberg, D. S., & Gopnik, A. (2013). Pretense, 

counterfactuals, and Bayesian causal models: Why what is 

not real really matters. Cognitive Science, 37(7), 1368-

1381.  

Weisberg, D. S., & Gopnik, A. (2016). Which counterfactuals 

matter? A response to Beck. Cognitive Science, 40(1), 257-

259.  

Wilson, M. A., & McNaughton, B. L. (1994). Reactivation of 

hippocampal ensemble memories during sleep. Science, 

265(5172), 676-679.  

Wimmer, H., & Perner, J. (1983). Beliefs about beliefs: 

Representation and constraining function of wrong beliefs 

in young children's understanding of deception. Cognition, 

13(1), 103-128. 

Wong, A., Cordes, S., Harris, P. L., & Chernyak, N. (2023). 

Being nice by choice: The effect of counterfactual 

reasoning on children's social evaluations. Developmental 

Science, 26(6), e13394. 

1441




