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Measuring Mental Time Travel In Animals

“What's time? Now is for dogs and apes! Man has forever!” ~ Robert
Browning

1. Introduction

Hasok Chang describes in Inventing Temperature (2004) how scientists dealt with the problem

of measurement verification circularity  when standardizing the first  thermometers  ever constructed.

The problem can be illustrated by imagining  you are  the first scientist who wanted to  measure the

temperature of  boiling water.  What materials should you use to construct the  measuring instrument?

Once built, how do you verify your thermometer is measuring what you claim it is without circularly

relying on your thermometer? Appealing to more experimentation is unhelpful because we must use a

thermometer to carry out these experiments, and thermometers are what we are trying to determine the

reliability of in the first place.  Hasok Chang  calls this the Problem of  Nomic  Measurement  (PNM),

which is defined as:

The problem of circularity in attempting to justify a measurement method that relies on
an empirical law that connects the quantity to be measured with another quantity that is
(more) directly observable.1 The verification of the law would require the knowledge of
various values of the quantity to be measured, which one cannot reliably obtain without
confidence in the method of measurement.

Stated more precisely, the PNM goes as follows:

1. We want to measure unknown quantity X. 

1 Chang does not analytically define the notion of “direct observation” but the paradigm case is observing the read-out of 
an instrument e.g. writing down the height of a column of mercury in a glass tube.  Chang defends a hybrid version of 
foundationalism and coherentism whereby we begin scientific inquiry with some tentatively held beliefs justified by 
experience, especially the belief that we are capable of accurately observing the read-outs of our instruments. 
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2. Quantity X is not directly observable, so we infer it from another quantity Y, which 
is directly observable.
3. For this inference we need a law that expresses X as a function of Y, as follows:  
X = f(Y). 
4. The form of this function f cannot be discovered or tested empirically because that 
would involve knowing the values of both Y and X, and X is the unknown variable that 
we are trying to measure.

My  aim for this  paper  is  to apply  the  PNM to an  on-going  debate  in cross-comparative

psychology about whether and to what extent non-human animals can “mentally time travel”. In 1997,

Suddendorf  and  Corballis argued “the  human  ability  to  travel  mentally  in  time  constitutes  a

discontinuity between ourselves and other animals”.2 In 2002, Roberts argued non-human animals are

“stuck-in-time”. Since then, a number of psychologists have defended similar claims (for an overview,

see Suddendorf & Busby, 2003; Suddendorf & Corballis, 2010). Endel Tulving states this hypothesis

clearly:

There is no evidence that any nonhuman animals—including what we might call higher
animals—ever think about what we could call subjective time...they do not seem to have
the same kind of ability humans do to travel back in time in their own minds, probably
because they do not need to. (Tulving, 2002, p. 2)

Call the claim that mental time travel is unique to humans Uniqueness. Naturally,  Uniqueness has not

gone unchallenged (Dere et al, 2006; Raby & Clayton, 2012; Zinkivskay et al, 2009). One worry is that

different  theoretical  assumptions  about  what  counts as  “mental  time  travel”  are  leading  to

disagreements over whether animals do or do not possess MTT. Furthermore, both sides of the debate

more or less agree about the behavioral evidence, but disagree about how to interpret the evidence qua

evidence for  or against  Uniqueness.  This raises a problem of verification circularity similar to the

PNM: 

2 Citing neurological overlaps between “episodic-like” memory in non-human animals and human episodic memory, 
Corballis has recently dissented (2012). In his (2011) book, Corballis argues that what makes humans unique is our 
capacity for MTT and symbolic language super-charged by the capacity for recursivity i.e. Alice believes Bob desires 
that Chris thinks highly of Bob's desire for Alice. Another recent convert is Roberts (2007), taking back his (2002) 
claims about MTT in animals.
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1. We want to measure MTT in animals
2. MTT is not directly observable, so we infer it from behavior Y, which is directly 
observable.
3. For this to work, we need to know how to infer MTT from behavior alone.
4. The form of this function cannot be discovered or tested empirically because that would
involve knowing the unknown variable we are trying to measure (MTT).

Accordingly, my central thesis is that the question of whether animals can mentally time travel is not a

purely  empirical question.  My argument hinges on premise (3):  if psychologists have irreconcilable

differences in opinion about which behaviors best express MTT,  they will use the construct “mental

time travel” to describe distinct phenomena and thus make different inferences from behavior to MTT.

For example, if defenders of Uniqueness are using MTT as a label to describe a human autapomorphy3

but critics of Uniqueness are using MTT as a label for a core capacity shared with other animals, then

they are clearly talking past each other and the debate is reduced to a semantic dispute about whether

the  term “MTT” is  applied  to  “core”  capacities  or  uniquely human traits.4 Therefore,  I  argue  the

empirical question of whether animals can in fact mentally time travel is intractable unless theorists can

agree on both the connotative and denotative definitions of the term i.e. approximate agreement on the

conceptual definition as well as agreement on its conditions of realization in the physical, measurable

world (Peschard & van Fraassen, forthcoming).

2.0 Can Animals Mentally Time Travel?

2.1 Phenomenological approaches to MTT: the “autonoetic” criterion

The original debate about whether animals can mentally time travel was cast in terms of Endel

Tulving's  theoretical construct  of “episodic  memory”  (1972).  Tulving  introduced  the  concept  by

distinguishing two separates  memory stores,  or  memory processes:  semantic  memory and episodic

3 An autapomorphy is a derived trait that is unique to a terminal branch of a clade and not shared by other any members 
of the clade, including their closest relatives with whom they share a common ancestor.

4 “We caution against grounding the concept of episodic-like memory in the phenomenology of the modern mind, rather 
than in terms of core cognitive capacities.” (Clayton et al 2003, p. 437)
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memory.  Episodic  memory is  characterized by the  act  of  remembering  or  re-experiencing specific

events  or “episodes” in  our personal life-history  as opposed to recalling general semantic facts, the

difference between remembering your vacation to Paris versus recalling general knowledge of Paris.

Tulving's original examples were: “Last year, while on my summer vacation, I met a retired sea captain

who knew more  jokes  than  any other  person I  have  ever  met.”  and “I  remember  that  I  have  an

appointment with a student at 9:30 tomorrow morning” (Tulving, 1972, pp. 386–387).5

 Tulving's theoretical ambitions were modest when he first proposed the distinction: “The point

of view of the two as separate systems represents an orienting attitude or a pretheoretical position

whose major usefulness may turn out to lie in facilitating theory construction,  without in any way

circumscribing the nature of possible theories” (1972, p. 384). Over time, Tulving refined his definition

of  episodic  memory  to  include a  new  component  seemingly  unique  to  humans: “autonoetic

consciousness” (Tulving, 1985). Tulving coined this neologism because “We do not even have a term

to express what I have referred to as '(conscious) experience of remembering'” (Tulving, 1983, p. 126).

Hence,  autonoetic  consciousness is  the personal,  autographical  element  of  episodic  memory. Thus

defined, the Uniqueness  hypothesis  becomes: “Human beings possess a form of memory (episodic

memory) and a form of consciousness (autonoetic consciousness, or 'autonoeisis') that no other animals

do” (Tulving, 2005, p. 5).

Tulving sometimes uses the term “autonoetic consciousness” to refer to the personal “tag” that

makes reminiscing about your personal past “feel” different from, say,  imaginative pretense:  “It is

autonoetic consciousness that confers the  special phenomenal flavor that distinguishes remembering

from  other  kinds  of  awareness,  such  as  those  characterizing  perceiving,  thinking,  imagining,  or

dreaming” (1985, p. 3). Tulving believes this special “flavor” is missing in rare cases of patients with

5 This latter example is interesting given it is a memory about a future episode and a second-order mental state (a mental 
state about another mental state). The connection of episodic memory with future planning and meta-representation will
be relevant in §2.4.
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episodic amnesia. In a seminal article on episodic amnesia and its relation to autonoetic consciousness,

Tulving includes the following interview with a patient as characteristic of the disorder:

E.T. “Let's try the question again about the future. What will you be doing tomorrow?”
(There is a 15-second pause.)
N.N. Smiles faintly, then says. “I don't know.”
E.T. “Do you remember the question?”
N.N. “About what I'll be doing tomorrow?”
E.T. “Yes. How would you describe your state of mind when you try to think about it?”
(A 5-second pause.)
N.N. “Blank. I guess.” (1985, p. 4)

Accordingly,  the  term  “autonoetic  consciousness”  is  meant  to  describe  the  qualitative  experience

missing from N.N.'s episodic recall. Another famous episodic amnesic is Clive Wearing, whose wife—

Deborah Wearing—wrote a memoir about what it was like for him to “live without memory” after his

brain was infected by the herpes virus (Wearing, 2011). For months, Wearing said things like “Darling,

I've just woken up! I can see you! I can see everything normally! How long's it been?”  During this

time, Clive would often make journal entries  such as, “3:34pm NOW superlatively  awake first time”

and then 2-3 minutes later, cross out the entry and make a new one, seemingly convinced he just woke

up  for the first time. The hypothesis on offer by  proponents of  Uniqueness is that most animals are

stuck within an even narrower temporal window than Clive but without the introspective struggle and

half-realization  there  is  something  “wrong”.  They  argue  that  an  animal's  moment-to-moment

experience is  almost  entirely  need-based and  stimulus-driven,  much like Mihály Csíkszentmihályi's

notion of a “flow state”:  “[A lion's] mind does not weigh possibilities unavailable at the moment; it

neither imagines pleasant alternatives, nor is it disturbed by fears of failure” (Csíkszentmihályi,1990, p.

227–228).

However,  since the  notion  of  “autonoetic  consciousness”  is  derived  primarily from

phenomenological  reports  of  articulate adults,  the  construct  is typically  assessed  using  linguistic

interviews, not behavioral experiments.  Tulving admits  “There is  no necessary correlation between
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behavior and conscious experience” (Tulving, 2002, p. 4) and that there is no straightforward way to

access the autonoetic component through non-verbal behavior. Not surprsingly, Tulving's critics have

responded  by  saying, “The  definition  of  episodic  memory  in  terms  of  consciousness  makes  it

impossible to demonstrate episodic memory in animals,  because there are no agreed non-linguistic

behavioral markers of conscious experience.” (Clayton et al, 2003, p. 686). Accordingly, Clayton and

her colleagues want to do away with phenomenological criteria that are biased in favor of humans and

instead rely upon behavioral criteria for defining mental time travel  (Clayton et al, 2003, Nat Rev, p.

686).

2.2 Behavioral approaches to MTT: the what-where-when criterion

Clayton and colleagues appropriated  Tulving's original  suggestions that  a creature  would be

said to possess episodic memory if it behaviorally demonstrated knowledge of what, where, and when

with  respect  to  a  particular  event.6 Accordingly,  Clayton  and  colleagues  propose  the  following

behavioral criteria for “episodic-like memory in animals”:

Content:  recollecting what  happened, where and when on the basis  of a  specific  past
experience.
Structure: forming an integrated 'what-where-when' representation.
Flexibility: episodic memory is set within a declarative framework and so involves the
flexible deployment of information. (Clayton et al, 2003, Nat. Rev Neuro, p. 686)

Using these criteria, Clayton and her colleagues have tried to undermine the strength of the Uniqueness

hypothesis  with a series of  ingenious behavioral experiments  with lab-trained scrub-jays. The  idea

behind the experiment begins with observing scrub jays caching food in the wild. Food-caching clearly

satisfies the what and where components of the www-criterion: the scrub-jays remember not only what

they cached, they remember where they stored it. To test the final “when” component, the researchers

6 “It may be preferable to describe subjects' behavior in episodic memory tasks in terms of storage and retrieval of 
information about events and their temporal relations.”(Tulving, 1972, p. 396) Tulving mentions explicitly that 
information about events would including perceptual, spatio-temporal information, amounting to information about 
what an object is, where it is in space, and when it is in time.
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took advantage of the jays' preference for juicy (but perishable) worms over bland (but non-perishable)

peanuts and set up two contrasting experimental conditions.

 In the first condition, the birds cached peanuts first, waited 120 hours, cached worms, waited 4

more hours,  and then were allowed to choose.  Not  surprisingly,  the birds  preferentially chose the

worms since they had only been left to rot for 4 hours. In the second condition, the birds cached worms

first, waited 120 hours, cached peanuts, waited 4 more hours, and then were allowed to choose. After

120 hours the worms have perished and the birds preferentially chose the peanuts, presumably because

they somehow knew the cached worms were “past-their-due-date”. By varying the time-span of when

the  birds  can  retrieve  their  cache,  the  researchers  showed  that  the  jays  are  sensitive  to  temporal

information about  when  the peanuts or worms were cached. Accordingly, the researchers claim this

satisfies the original www-criterion for episodic memory. 

Proponents of the Uniqueness typically respond in two ways. First, they argue there are simpler

explanations for their caching-prowess that do not involve complicated, human-like capacities such as

MTT.  Call this the “minimalist” response.  Second, they shift the theoretical goal post by redefining

“mental time travel” such that the experimental task is no longer adequate to determine whether the

animals “really” engaged in MTT. Call this the “shifting goalpost” response.

2.3 The minimalist response

An example of the minimalist response is when Suddendorf and Corballis distinguish between

knowing  when  you cached food and knowing  how long ago  you cached food,  and then claim it's

possible that the jays  are only tracking the duration of time between caching and retrieving the food

rather than “remembering when” they cached the food. In other words, the birds might know when the

food was cached but not  remember  when the food was cached  (Gardiner, Ramponi, & Richardson-

Klavehn, 2002; Gardiner, 2001). The distinction hinges on a phenomenological difference between—

for example—simply knowing that you were at the movies last Christmas Eve and “bringing to mind” a
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faint image of yourself sitting in the fourth row in the theater, annoyed that the tall person in the elf hat

sat down right in front of you. 

Suppose human subjects were assigned to replicate the exact food-caching experiment (except

for choice of food stuffs, obviously). After 124 hours, you are faced with the choice of opening the

cache on the left or the right. How do you decide? You might “just know” you cached the perishable

food in the left container and as you automatically begin reaching out to the correct container you feel

no anxiety or hesitation, nothing that makes you stop and reflect on the situation.

Suppose you don't “just know”: you can't remember right away whether you put the perishable

food in the left or right container, so you stop, close your eyes, and intensely focus on “reconstructing”

the scene from 124 hours ago. Luckily, when you try to remember when you cached the food you can

“see” in your visual reconstruction that you reached out with your right hand across your visual field

and put the perishable (red,  squishy) food in the left  container and then with the same hand the non-

perishable (yellow, hard) food in the  right container. Since the mental reconstruction seems so vivid,

you are confident of your choice and ultimately make the correct decision.

If  we  assume  the above  description  of  “remembering  when”  is  phenomenologically

characteristic of some aspects of human decision making, it's not at all obvious whether the behavioral

data on scrub jays licenses researchers to conclude that scrub jays solved the problem in the same way

humans do. Recognizing the inferential gap, Clayton et al frame their hypothesis in terms of whether

scrub jays possess episodic-like memory. When it comes to whether “episodic-like” memory is really

episodic  memory,  a  common  response  is  “If  it  walks  like  a  duck  and  quacks  like  a  duck...”

(Eichenbaum, Fortin, Ergorul, Wright, & Agster, 2005). Of course, the problem with this analogy is that

walking and quacking are straight-forward physical behaviors, amenable to empirical observation and

verification. The same cannot be said of amorphous terms like “mental time travel”. If biologists were

interested in  studying walking behavior in  invertebrates,  I  doubt  there would be  intractable debate
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about how to best operationalize what counts as walking behavior and what doesn't. But when different

researchers use different operational definitions to pick out MTT, it's not immediately clear how the

dispute will be settled.  It's also unclear whether there is there a single phenomena being described in

multiple  ways  or  multiple  phenomena  being  described  as  if  they  were  a  single  phenomena,  or

something in between.

2.4 The shifting goalpost response

The shifting goalpost response acknowledges that animals successfully pass the www-criterion

but then changes the definition of MTT to be more cognitively complicated. A popular expansion of

MTT focuses on the capacity for future-planning  (Suddendorf, 2006). For example, Suddendorf and

Corballis  argue that “...animals other than humans cannot anticipate future need or drive states, and

there are therefore bound to a present that is defined by their current motivational state. We shall refer

to this as the Bischof-Kohler hypothesis” (Suddendorf and Corballis, 1997).

Other psychologists  have recently championed this idea  by connecting it  to research which

indicates  both  episodic  memory  and  future  imagination  depend  on  the  same  underlying  brain

machinery  (Addis,  Wong,  &  Schacter,  2007;  Schacter,  Addis,  &  Buckner,  2007;  Suddendorf  &

Corballis,  2007).  Thus,  if  one  could  behaviorally  operationalize  future  planning,  it  would  provide

additional evidence that animals can MTT. In response, Clayton and others have attempted to show that

scrub-jays adjust their food caching in response to future based needs (Raby et al, 2007). 

In the seminal experiment, eight scrub jays were given breakfast in cage and no breakfast in

another  every other  day.  Later,  they are suddenly presented with an opportunity to cache food for

retrieval later. According to Raby et al, “If they were capable of forward thinking, they should have

cached more food in the compartment in which they had not been given breakfast and therefore would
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expect  to  be hungry the next morning, relative to the compartment in which they had been given

breakfast” (2007, p. 919). Suddendorf and Corballis (2008) are not convinced., suggesting a minimalist

explanation such that “they may have simply cached according to a general heuristic to balance food

sources”  (2008,  p.  e2).  Overall,  Suddendorf's  conclusions  about  these  experiments  is  that

“Unfortunately,  the rich interpretations were not convincing for a variety of reasons, one of which

being that the birds did not actually increasingly store the relevant food” (Suddendorf, 2013, p. 109). 

A more refined version of the shifting goal-post strategy argues that uniquely human MTT is

characterized by its capacity for “meta-representation”, which is the ability to reflect on the very idea

of a symbol-referent relationship. Thus, a creature with meta-representational knowledge understands

what it means to assign an arbitrary symbol a meaning because they have a conceptual grasp of how

symbols  work.  However,  Clayton et  al   demur,  saying  “We do not  understand why the  ability  to

metarepresent  the episodic content  should be a necessary feature of [episodic memory]”  (Clayton,

Bussey, Emery, & Dickinson, 2003, p. 437). This response is typical for debates in cross-comparative

psychology.  If  one  theorist  intuitively  understands  why  the  capacity  for  meta-representation  is

necessary for episodic memory, but another theorist is baffled why it needs to be that complicated, it's

not obvious they are even debating about the same thing. 

In another instance of the shifting goal-post strategy, proponents of Uniqueness have proposed

that a critical component of MTT is imaginary scene construction. Pretending is purportedly a skill that

involves an imaginative component: when a child pretends that a banana is a phone or turns their hand

into  a  pretend  gun,  they  are  aware  of  the  difference  between  reality  and  fantasy,  suggesting  that

imagination is an active, constructive process. Accordingly, if there was good evidence that animals

engage in pretend play, we  would have reason to ascribe the capacity for basic imagination to non-

humans. However, it is quite difficult to determine whether an animal is really pretending, and to guard
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against anthropomorphic ascription. 

Thomas  Suddendorf  describes  a  limited  number  of  anecdotal  reports  of  trained  great  apes

playing with dolls and seemingly engaging in pretense (2013, pp. 47–48), though he calls the evidence

tenuous. More importantly,  he says that even if  we accept these rare anecdotes at face value “The

current data merely raise the possibility that our closest animal relatives have some ability to entertain

alternative worlds in their minds”  (ibid., p. 48) Although this would close the gap slightly between

human and non-humans,  there nevertheless  remains  a  vast  difference in  degree between the  basic

imaginative capacties of animals and the ubiquitous complexities of human pretense.7

Ultimately, proponents of the  Uniqueness  hypothesis argue that the www-criterion only picks

up on “episode-like” memory and that “episodic-like memory is neither necessary nor sufficient for

mental time travel” (Suddendorf, 2013, p. 105). It's not sufficient because you can have knowledge of

an event without remembering the event (e.g. when you were born), and it's not necessary because one

can have a vivid episodic memory yet be factually wrong (Garry, Manning, Loftus, & Sherman, 1996;

Thomas & Loftus, 2002). 

3.0 Terminological Circularity

Tulving  rightly acknowledges, “The words we use to describe what we do as observers and

experimenters are exceedingly important in shaping our theoretical thoughts, rather than just the other

way around.” (1983, p. 19). In other words, how we define theoretical terms matters for how we make

sense of our data,  and thus the question of whether animals mental time travel  partially  depends on

what we mean by “mental time travel”. Scientific debate on whether animals can mentally time travel

is bound to stagnate unless scientists are debating about the same definition of “mental time travel”.

Although the  justification for the truth of  any particular scientific  theory partially depends on

7 If religious belief counts as a complicated form of pretense, it's even clearer why human imagination is several orders of
magnitude more abstract, creative, and complex than simply pretending one material object is analogous to a toy model.
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the  gathering of empirical  evidence, the  gathering  itself must be done  in terms of  a prior theoretical

understanding of the phenomena that allows us to “pick it out” as a well-regimented target of scientific

inquiry. Without such prior  understanding,  scientists would not know where or how to look for the

phenomena they are trying to explain, let alone reliably pin the phenomena down enough to manipulate

it experimentally and make new theoretical predictions amenable to further testing. The general point is

that if the project of giving necessary and sufficient conditions for a concept X fails (as it usually does),

we cannot simply resort to “pointing to” X if different people point to different things when asked to

give an ostensive definition of X.

For example, if one team of researchers defines the term “mental time travel” as a cognitively

complicated  capacity  probably  unique  to  humans while another  team defines it  as  a moderately

complicated capacity probably not unique to humans, then the two teams will inevitably diverge when

it comes to both designing behavioral experiments as well as interpreting “raw” empirical data.

Tulving now  seems to  define episodic memory in part  by its  rarity and human uniqueness,

stating “Episodic memory is a recently evolved, late-developing, and early-deteriorating past-oriented

memory system, more vulnerable than other memory systems to neuronal dysfunction,  and probably

unique  to  humans”  (Tulving,  2002,  p.  5,  emphasis  added).  Given  their  assumption  that  episodic

memory  is  an  advanced,  late-developing  cognitive  skill,  it's  not  surprising  that  proponents  of  the

Uniqueness  hypothesis  are  skeptical  about  claims  suggesting  non-human  animals  have  episodic

memory.  This  suggests  that  even  if  Tulving  acknowledges  there  is  a  shared  “core  capacity”  for

episodic-like memory he is nevertheless reserving the term “episodic memory” to refer to the uniquely

human  expansion  of  this  core  capacity  that  enables  “true”  MTT.  Accordingly,  the  truth  of  the

Uniqueness  thesis  becomes  axiomatic  rather  than  an  open  question.  To  the  extent  “episodic-like”

memory in animals mirrors the behavioral success of  human MTT without the same cognitive style,

proponents of Uniqueness will argue that is a case of analogy rather than homology.
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Furthermore, it's unclear exactly how a jay's memory retrieval is  like  human retrieval. If by

“like” we mean “Leads to the same behavioral outcome”, then clearly the description is warranted on

the basis of the food-caching experiments. However, if by “like” we mean “Same kind of psychological

process” then the inference is not obviously warranted. This problem of terminological fine-tuning can

be extended for the behavioral sciences in general. Whenever psychological inquiry into an unknown

domain relies on  an  indirect  behavioral  measurement,  scientists  must  choose a  set  of  operational

criteria for picking out instances of the phenomenon under investigation. Different operational criteria

will lead to different conclusions about the extent of the phenomenon within the unknown domain. In

order  to  settle  the  question  of  which  operational  criteria  “best”  picks  out  the  phenomena  under

consideration, we would need either  further empirical evidence or a  prior  theoretical consensus. But

since any empirical evidence must be gathered using operational criteria, these criteria will themselves

need to be validated, leading to a regress problem. Thus, absent theoretical consensus in an unknown

theoretical  domain,  any  justification  of  one  operational  criteria  as  “better”  at  picking  out  the

phenomena will be bound to be circular, or lead to an infinite regress.

3.1 Fixing the Explanandum

In the pioneering days of thermometry there was an agreed upon phenomena that cried out for

explanation: water boiling and freezing. In contrast, it's unclear that researchers of mental time travel

have a fixed conception of what is crying out for explanation using the framework of mental time

travel.  Clayton  seems  primarily  interested  in  explaining  wild  food-caching  behaviors  whereas

Suddendorf is interested in explaining behaviors that are unique to humans: “Mental time travel, as it

turns out, explains many of the most peculiar human traits, from celibacy to suicide and from diverse

expertise to greed” (2013, p. 90).

If psychologists have different opinions about what constitutes the “paradigm cases” of mental

13



time  travel,  then  it's  likely they have  different  concepts  of  what  mental  time travel  itself  is.  Two

psychologists  with different opinions about what it means to have MTT might actually agree about

matters of fact when everything is operationalized in terms of behavior. Suddendorf acknowledges the

potential for dialectical stalemate when he writes:

Apparently stark disagreements about the gap [between humans and animals] at times
merely reflect differences in opinion about the relevant criteria rather than about matters
of fact. For example, to demonstrate language, is it sufficient to show that other animals
communicate, or must they be able to tell us a story? As long as we can establish what
exactly animals can and cannot do, the rhetoric does not really matter. (2013, p. 43)

Psychologists have not settled on a set of theories that would unambiguously predict which measures of

MTT are  valid  or  invalid.  The problem is  further  amplified  by theoretical  differences  about  what

cognitive capacities are unique to humans and which are not. Researchers who accept the Uniqueness

thesis are likely to design complicated operational criteria ensuring that experiments implementing the

criteria confirm the original hypothesis that only humans are capable of MTT. In contrast, researchers

who reject Uniqueness thesis are going to set the bar “lower” by designing simpler operational criteria

that non-human animals like primates or corvids are likely to pass.  Thus, “How researchers interpret

their results may say more about biases in terms of whether they are seeking evidence for continuity or

discontinuity, rather than whether such continuity or discontinuity exists” (Vonk & Shackelford, 2012,

p. 551).

4.0 Are Terminological Disputes in Science Benign?

We have already explored the problems involved when scientists disagree about the appropriate

behavioral  criteria  for  picking out  a  psychological  phenomenon,  but  the  problem of  settling  on  a

working theoretical definition of the psychological phenomenon is just as problematic, if not more so.

If  there were a  theoretical  consensus on what  mental  time travel  was,  there would be no  unusual

controversy about how to operationalize the concept. Sure, there might be subtle differences between
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competing labs, and the criteria might evolve over time as more is learned about the phenomenon, but

by and large researchers  would have a stable set of rules to resolve debates about which operational

criteria are “best”, including debates about the standards themselves. 

To  borrow  Kuhnian  terminology,  these  small  differences  in  operational  criteria  would  be

debated  within  a  “normal  science”  of  animal  research  and  would  not  represent  any  significant

theoretical or practical obstacle. Unfortunately, this is not the situation of present day debates in cross-

comparative  psychology.  Instead,  it  looks  like  we  have  multiple  competing  “micro-paradigms”  of

mental time travel, each of which not only has a different theoretical conception of mental time travel,

but different standards of operationalization and experimental verification.

The foregoing discussion highlights the crucial importance of operational definitions in cross-

comparative psychology as a means of preventing wearisome verbal disputes. By a wearisome dispute,

I mean a situation where two researchers have a—sometimes unacknowledged—different theoretical

understanding of the phenomena as well as an explicitly different set of operational criteria for picking

out the phenomena, yet simultaneously insist they are engaged in a substantive debate about the same

phenomenon e.g. “mental time travel”.

If two scientists disagree about whether scrub blue-jays mentally time travel but have different

theoretical conceptions of what mental time travel amounts to, then they are engaged in a debate that

cannot be settled by appeal to any further collection of  experimental data,  or  by refining operational

criteria to manipulate ever subtler phenomena.  Scientists are bound to talk past each other without a

conceptual  consensus on how to  conceive mental time travel  prior  to investigating it as well as  a

consensus on how to experimentally measure  the  presence and extent of mental time travel.  If one

scientist thinks the paradigm example of mental time travel is imagining a futuristic civilization billions

of years in the future, and another scientists thinks the paradigm example is hiding a food-cache for the

sake of  hunger  several  hours  or  days  into  the  future,  they are  clearly not  talking  about  the  same

15



phenomena. 

Some semantic debates are  trivial  and non-illumintating e.g.  Few scientists have debated in

print  about  the  “correct”  meaning of  the  term “bachelor”.  Most  are  happy to  let  this  word  mean

“unmarried male”  and ignore any ambiguities inherent in the terms “unmarried” and “male” e.g. is the

Pope a bachelor because he is unmarried? Other semantic debates are trivial but illuminating e.g. the

classic question about whether a tree that falls in a forest makes any “sound” depends on how whether

we define “sound” in physical or psychological terms. The diagnosis of verbal disagreement in the tree

case is illuminating because it helps us see what's at stake in the debate between realism and idealism.

Debates about whether non-human animals are “really” capable of time travel are either trivial

or non-illuminating until the term has been disambiguated between competing definitions  that each

have different connotative and denotative senses. However, a debate about whether non-human animals

are capable of either restricted or unrestricted time travel is tractable so long as theorists agree on the

appropriate behavioral criteria for unambigously picking out each respective phenomena. 

4.1 A toy example of why definitions matter in comparative psychology

To illustrate how differences in opinion about how to define a theoretical construct can lead to

substantive disagreements, let's define two distinct senses of MTT: restricted  and unrestricted  MTT.

Although this distinction is artificially constructed for an expository purpose, I nevertheless believe it

captures the connotative essence of how proponents and defenders of  Uniqueness  are thinking about

MTT.

For creatures with restricted MTT, there is a maximum upper or lower limit on how far you can

“travel”.  For example,  if a 40 year old animal could  project back to any point in their 40 year life

history but couldn't project themselves 41 years in the past, their time travel is restricted to a certain

interval. In contrast, unrestricted MTT is characterized by the ability to “travel” to any arbitrary point
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in time extending backwards or forwards forever e.g. If a creature with unrestricted MTT can imagine

themselves living for N years, then they can also imagine themselves living for N+1 years.

Now, suppose you are interested in detecting the presence of Unrestricted Time Travel in non-

human animals. The set of operations you would use to settle the inquiry are going to be different from

the set operations you would use to settle an inquiry about whether a creature is capable of Restricted

Time Travel.  If  you set  out  testing blue-jays  for  Unrestricted Time Travel and find none,  are  you

justified in concluding blue-jays are incapable of mental time travel? Only if the definition of mental

time travel you are using is Unrestricted Time Travel. 

 Imagine two separate scientific articles are published by separate labs in separate journels with

the following titles:

Paper 1: “Behavioral evidence of mental time travel in blue-jays”
Paper 2: “No behavioral evidence of mental time travel in blue-jays”

If two reporters from two different newspapers each read only one of the above papers, you might see

conflicting headlines. In contrast, suppose the two scientific articles were more accurate:

Paper 1: “Behavioral evidence of restricted mental time travel in blue-jays”
Paper 2: “No behavioral evidence of unrestricted mental time travel in blue-jays”

Thus,  whether  or  not  two  claims  about  psychological  constructs  existing  in  animals  are

consistent  with  each  other  depends  on  how fine-grained  we split  the  constructs.  If  scientists give

animals an experimental task designed to evoke episodic memory, proponents of the Uniqueness thesis

could say “It turns out that task doesn't require episodic memory after-all, and if it does, then that's not

what  we mean by episodic memory.”  Someone might  object  this  verbal dispute  is  a  “mere  verbal

dispute” and not a serious disagreement. I don't deny the diagnosis, but I would disagree with the idea

that it's “merely” a verbal dispute,  which wrongly implies the problem is straightforward to resolve

when in fact it is not. I agree with David Chalmers, who argues “The diagnosis of verbal disputes has
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the  potential  to  serve  as  a  sort  of  universal  acid  in  philosophical  discussion,  either  dissolving

disagreements or boiling them down to the fundamental disagreements on which they turn” (2011, p.

517). In the case of mental time travel debates, the diagnosis of a verbal dispute can serve to either

force competing researchers to resolve their theoretical differences or at least explicitly acknowledge

the points of disagreement.

4.2 Terminological circularity in science at large

One might wonder whether the continual shifting and sliding of definitions in the mental time

travel debate betrays a circularity and empirical groundlessness unique to comparative psychology. Is

there something about the unobservability of “mental time travel” that is uniquely different from the

unobservability of, for example, temperature? Given the field of thermometry faced similar epistemic

challenges but nevertheless developed into a mature scientific field,  the presence of circularity by itself

is  not  a  distinctive  feature  of  comparative  psychology. As  Tulving points  out,  the  problem is  not

circularity per se but rather competing researchers talking past each other and disputing experimental

findings using circularly justified theoretical assumptions.  Thus, one might argue that the cognitive

sciences are justified in employing cognitive concepts like “episodic memory” or “mental time travel”

because  they  are  theoretically  explanatory.   Hasok  Chang's  solution  is  what  he  calls  “epistemic

iteration”:

In epistemic iteration we start by adopting an existing system of knowledge, with some
respect for it but without any firm assurance that it is correct; on the basis of that initially
affirmed system we launch inquiries that result in the refinement and even correction of
the  original  system.  It  is  this  self-correcting  progress  that  justifies  (retrospectively)
successful courses of development in science, not any assurance by reference to some
indubitable foundation. (2004, p. 6)

Applied to the mental time travel debate, the thesis of epistemic iteration suggests that comparative

psychology is not necessarily doomed to spin its wheels forever. We start our inquiry with certain folk
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psychological assumptions about the phenomenon of interest: MTT. This background knowledge leads

us to launch inquiries about MTT that are framed in terms of the operational criteria that accord with

our  present  state of background knowledge. These inquiries might cause us to not only refine the

operational  criteria,  but  also  update  the  background knowledge  about  the  phenomenon of  interest.

Thus, although the original debate was framed in terms of Tulving's theoretical assumptions, progress

in  the  field  might  entail  a  conceptual  shift  whereby the  “core”  episodic-like  memory of  animals

becomes the  main concept of “episodic memory”. Alternatively, psychologists might retain Tulving's

background assumptions and continue refining the notion of  mental time travel as a uniquely human

trait characterized by autonoetic consciousness.

Conclusion

It is tempting for philosophers to proclaim some questions are strictly “empirical questions”. I

argued that there is no purely empirical question of whether animals can mental time travel because the

empirical answer crucially depends on what we mean by the term “mental time travel”, a theoretically

ambiguous term. Furthermore, an operational analysis of “mental time travel” reveals the potential for

the  concept  to  split  into  more  refined  concepts  such  as  “episodic-like  memory”  and  “autonoetic

consciousness”,  each  with  their  own  theoretical  background  and  conditions  of  experimental

verification. But once the operational analysis had been performed, it becomes meaningless to debate

about whether an animal does or does not have mental time travel simpliciter for the simple reason that

the term is ambiguous. A detailed operational analysis of how competing labs study the phenomenon of

episodic memory might reveal that there are actually  two  or more concepts being used. The clearest

evidence for this conceptual duality would be the use of substantially different operational criteria.

Thus, if different theorists have different conceptions of what it means to mental time travel,

then they will also disagree about the most relevant types of behavioral tasks for investigating mental
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time travel in non-human animals. Different theoretical assumptions will also lead to different ways of

interpreting the extant empirical literature as well as any future experiment purported to settle the issue.

As Duhem pointed out, scientists do not in practice test single hypotheses but a bundle of hypotheses,

including the large pool of background beliefs that are taken for granted. 

In sum, theories about humans uniquely possessing mental time travel often do not stand or fall

on  the  basis  of  any  single  experimental  result.  The  behavioral  evidence  can  be  explained  using

competing,  empirically  equivalent  theoretical  frameworks.  For  better  or  worse,  the  psychological

constructs employed in psychology are contaminated by our pretheoretical assumptions. Although, this

conclusion is not news to many philosophers and psychologists, I believe the significance of it has been

largely under appreciated. 
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