Time in a One-instant World

Abstract

Many philosophers hold that ‘one-instant worlds’—worlds that contain a single instant—fail to contain time. We experimentally investigate whether these worlds satisfy the folk concept of time. We found that ~50% of participants hold that there is time in such worlds. We argue that this suggests one of two possibilities. First, the population disagree about whether at least one of the A-, B-, or C-series is necessary for time, with there being a substantial sub-population for whom the presence of neither an A-, B-, nor C-series, is necessary for time, and hence those folk have a radically more minimal concept of time than has been attributed to them by philosophers. Or, second, the population do not disagree about whether at least one of the A-, B-, or C-series is necessary for time, but disagree about what it takes for a world to fail to contain even a C-series. 

1. Introduction

What we will call a one-instant world is a world that contains a single instant. Perhaps better, it contains a single ‘slice’ of reality, where events/objects located on that slice bear spatial, but not temporal, relations to one another, and where that slice does not undergo dynamical change (i.e. change in the total set of facts). One way to conceptualise such a world is a ‘stopped presentist’ world: an unchanging three-dimensional slice of reality. 
Typically, in the philosophical literature, one-instant worlds are appealed to as examples of timeless worlds. For instance, in debates about whether persisting objects endure or perdure, Sider (2001), and Effingham and Melia (2007), take one-instant worlds to be paradigmatic examples of timeless worlds. 
It’s easy to see why. Such worlds lack dynamical change and hence lack an A-series. They also appear to lack both a B-series and a C-series. In what follows, contra McTaggart (1908), we will understand a C-series ordering of events to be a temporal ordering of events, ordered by by C-relations: undirected, asymmetric, transitive, ordering relations[footnoteRef:1] that are both necessary and sufficient for the existence of time (Farr (2012, 2018)). This distinguishes C-relations from B-relations, which we will suppose to be directed, asymmetric, transitive, ordering relations of earlier-than, later-than and simultaneous-with. [footnoteRef:2] Thus the A-series is a dynamical directed ordering, the B-series is a non-dynamical directed ordering, and the C-series is an undirected ordering. On this way of carving up the territory, the B-theory is the view on which there is a block universe with a built in temporal direction: there is fact of the matter as to which boundary is really the first, and which the last. By contrast, as we construe it, the C-theory is the view that there is a block universe, and there is no such fact of the matter.[footnoteRef:3] [1:  While C-theorists think that the C-relations have these formal features, and necessarily so, they don’t think that having these formal features is sufficient for something to be a C-relation: clearly many other non-temporal ordering relations have these formal features. ]  [2:  Some use ‘B-theory’ as roughly synonymous with ‘block universe theory’. So long as the latter is silent on whether or not time has a direction, this usage is different from ours, according to which the B-theory is a theory on which time has a direction, and the C-theory is the view on which it does not. ]  [3:  On this characterization Price (1996; 2007) counts as a C-theorist, since he denies that time has any direction. ] 

If one thinks that the presence of either an A-series, [footnoteRef:4] a B-series[footnoteRef:5] or a C-series,[footnoteRef:6] is necessary and sufficient for there to be time, as almost all philosophers of time do, then the one-instant world appears to be a world that lacks time, since it lacks any such series.  [4:  McTaggart (1908) and Gödel (1959) hold that the A-series is necessary for time.  ]  [5:  Maudlin (2007), Oaklander (2012) and Tegtmeier (1996; 2009). ]  [6:  Price (1996); Farr 2012; 2018); Boltzmann (1964).  ] 

Given recent interest in the folk concept of time,[footnoteRef:7] and, in particular, the conditions under which that concept fails actually to be satisfied,[footnoteRef:8] arising from various physical theories that claim to dispense with time altogether,[footnoteRef:9] we decided to test the philosophical assumption that one-instant worlds are, by the lights of the folk, timeless. For if they are not, then this suggests that the folk have a more metaphysically minimal concept of time than has been assumed, and as a result, conclusions about under what circumstances temporal error theory is true, are very likely mistaken. [7:  Baron and Miller (2015b); Latham, Miller and Norton (2019); Callender (2017).]  [8:  See Baron and Miller (2015a); Tallant (2018); Baron, Miller and Evans (2010); Braddon-Mitchell and Miller (2019)]  [9:  Anderson (2006); Barbour (1999; 1994a; 1994b); Deutsch (1997); Rovelli (1995; 2004; 2007).] 

In order to speak to this issue we undertook an empirical investigation of certain aspects of the folk concept of time. In §2 we present relevant background, and in §3 we describe a study we undertook, and present its results. In §4 we discuss the implication of these results. 

2. The Folk Concept of Time 

In what follows when we talk of a folk concept we mean a contentful mental state that can be a constituent of a thought. We take no stand on the correct philosophical account of concepts, beyond supposing that we can gain some insight into certain aspects of their content by asking people to use those concepts by judging whether certain scenarios are ones in which there is (in this case) time. 
There has been a good deal of research into the ways in which people represent time through metaphorical language (especially using spatial metaphors), through diagrams (representations of a time-line) and through gestures (pointing in a particular direction to point towards the future, or the past) and into the cross-cultural variability of the ways that people do all these things (see Evans, 2003, 14; Sinha and Gardenfors 2014; Boroditsky, Fuhrman, McCormick 2010; Fuhrman, McCormick, Chen, Jiang, Shu, Mao, & Boroditsky 2011; Chen 2007; Boroditsky 2001; Casasanto & Bottini, 2014).For simplicity, for now we will talk of ‘the’ folk concept, but given the cross-cultural variation in aspects of the folk representation of time, we make no assumption that there is a single, shared, such concept either amongst the population we tested (US residents) or between populations (which we did not test). Further, we make no claims that our results generalise to populations outside those tested. 
Despite considerable research into the ways people represent time, there has been little investigation into whether the folk concept is one on which the presence of an A-, B-, or C-series is necessary for that concept to be satisfied. Latham, Miller and Norton (2019) recently empirically investigated what the folk think actual time is like, (most of them think it is dynamical) but that does not tell us what they take to be necessary for there to be time, and hence does not tell us the conditions under which a world is timeless.
Given the prevalence of the view that the one-instant world is a timeless world, investigating whether the folk judge it to be so is one important step towards determining what is necessary for the folk concept of time to be satisfied.  Doing so also allows us to investigate a recent attempt to spell out folk temporal error theory due to Tallant (2018). Tallant argues that folk temporal thought (and discourse) is error theoretic just in case it is truth-apt and false, and that it is false just in case there are no present-tensed truths. If there are present-tensed truths in a one-instant world, then his account predicts that the folk will judge that such a world contains time, and if not, not. 
The following study aims to determine both (a) whether the folk judge that there is time in a one-instant world and (b) whether their judgments about whether there is time in such a world are sensitive to whether or not they believe that world to contain present-tensed truths. 

3. Experimental Design and Results
3.1 Method
3.1.1 Participants

512 people participated in the study. Participants were U.S. residents, recruited and tested online using Amazon Mechanical Turk, and compensated $2 for approximately 20 minutes of their time. 53 participants had to be excluded for failing to follow task instructions. This means that they failed to answer the questions (42) or failed an attentional check question (11). 240 participants were excluded from the final analysis for failing to correctly answer two or more comprehension questions. The remaining sample was composed of 219 participants (aged 20-67; (84 female). Mean age 32.84 (SD = 9.58). Ethics approval for this study was obtained from the [blanked] Human Research Ethics Committee. Informed consent was obtained from all participants prior to testing. The survey was conducted online using Qualtrics.

3.1.2 Materials and Procedure

In this study we described three one-instant worlds—A, B and C— each of which is stipulated to be a world[footnoteRef:10] that is not our own.  Hence participants evaluated counterfactual one-instant worlds. Participants were randomly assigned to one of three conditions: present-tensed truths (universe B) no present-tensed truths (universe C) and uncertainty regarding whether there are present-tensed truths (universe A). All participants saw the following base vignette (which either mentions universe A, B, or C).  [10:  In the vignettes we use the term ‘universe’ not ‘world’. ] 


Base Vignette 

Scientists in our universe have a discovered a universe (universe A/B/C) in which the distance relations between objects are purely spatial. Spatial relations are relations such as Mike being two feet from Lily, or Boston being 16000kms from Sydney. In this world any two objects are separated by some spatial distance, and no two objects are separated by any other distance relations. Since in universe A there are only three spatial dimensions, Universe A/B/C is a giant, unchanging, three dimensional object. In fact, this three-dimensional object is an exact physical duplicate of the entirety of the way our universe is at a single instant in 1914. So universe A/B/C is like a single, static, snapshot of our universe at that instant in 1914. In our universe, at that instant in 1914, there exists a physics textbook. Since universe A/B/C is a physical duplicate of everything at that instant, it contains a physical duplicate of the book as it is at that instant in our universe. Many sentences appear in the duplicate book, but three are of particular interest to scientists, philosophers and theologians in our universe. These are the sentences (a) there were physical properties, (b) there will be physical properties and (c) there are physical properties. 

After having read the same base vignette, participants in the uncertainty condition (universe A) then saw:

	
	
	


While all the scientists, philosophers and theologians in our universe agree that sentences (a) and (b) found in the duplicate book are false in universe A, there is widespread disagreement about whether sentence (c) is true in universe A.

Participants in the present-tensed truths condition (universe B) saw:

While all the scientists, philosophers and theologians in our universe agree that sentences (a) and (b) found in the duplicate book are false in universe B, there is widespread agreement that sentence (c) is true in universe B. 

Participants in the no present-tensed truths condition (universe C) saw:

All the scientists, philosophers and theologians in our universe agree that sentences (a), (b) and (c) found in the duplicate book, are false in universe C.

Participants were then asked to indicate their level of agreement, on a Likert scale of 1 (complete disagree) to 7 (completely agree) with the following statements to the vignette that they saw.

(1) There is time in universe A/B/C
(2) Sentence (c), ‘presently, there are physical properties,’ is true in universe A/B/C. 

They were then asked to indicate their level of confidence in their previous judgement, on a Likert scale of 1 to 7.[footnoteRef:11]  [11:  People were confident in their judgements (M = 5.06, SD = 1.47). There were no significant differences between people’s confidence in their judgments and which universe condition they were in. ] 


Participants were finally asked to respond ‘true’ or ‘false’ to a series of three comprehension questions to the vignette that they saw.  

(1) Universe A/B/C is four-dimensional; it is extended along the temporal dimension.
(2) In universe A/B/C, multiple times exist.
(3) Universe A/B/C, is a physical duplicate of the entirety of our universe.

Those who answered two or more of the comprehension questions incorrectly, about the vignette they received, were excluded from all of the analyses, as were participants who failed the attentional check question. At no point could participants return to a previous screen.

3.2 Analyses

Before reporting the statistics and details, let’s begin with a summary of our main findings. Our first aim was to determine whether the folk judge that there is time in a one-instant world. We found that people are roughly divided in half between those who think there is time, and those that disagree or are uncertain whether there is time in universes A, B, or C.
Our second aim was to determine whether people’s judgments about whether there is time in universe A, B, or C, is sensitive to whether they believe that world to contain present-tensed truths. We found people’s judgements regarding present-tensed truths were insensitive to their judgements regarding time. People strongly agreed that there are present tensed truths in universe A and B. Interestingly, in universe C, despite being told that all the scientists, philosophers, and theologians agree that all present tensed truths are false, people are still roughly divided in half between those that agree, and those that disagree or are uncertain whether there are present tensed truths in that world. Importantly, in the universe A and B conditions there was no association between people’s judgements regarding whether there are present tensed truths in those universes, and whether there is time. However, in the universe C condition there was a weak positive association.
Table 1 summarizes the descriptive data from the experiment. The ‘Yes’ column is the proportion of participant’s who responded with either 5, 6, 7 when asked their level of agreement to either of the statement: there is time in universe A/B/C, or there are present tensed truths in universe A.B.C. The ‘No’ column is the proportion of participant’s who responded with either 1, 2, or 3, when asked their level of agreement to those same statements. The ‘4’ column is the proportion of people who neither agree nor disagree with those statements. Remember that here we are only considering those participants that correctly answered two ore more comprehension question. 

Table 1. Levels of agreement to “there is time in universe A/B/ C” and to “there are present tensed truths in A/B/C” 
	Question and Condition 
	%Yes
	%No
	%4
	Mean
	SD

	“There is time in universe A/B/C.”

	Universe A (N = 73)
	53.4
	42.5
	4.1
	3.99
	1.95

	Universe B (N = 74)
	60.8
	33.8
	5.4
	4.28
	2.08

	Universe C (N = 72)
	48.6
	43.1
	8.3
	4.06
	1.86

	“Sentence (c), ‘presently, there are physical properties,’ is true in universe A/B/C.”

	Universe A (N = 73)
	82.2
	12.3
	5.5
	5.41
	1.32

	Universe B (N = 74)
	97.2
	1.4
	1.4
	5.97
	0.89

	Universe C (N = 72)
	57.0
	33.3
	9.7
	4.24
	2.05



Beginning first with people’s judgments about time in each universe. Table 1 shows that people’s mean judgment regarding whether there is time is around 4. However, that is not because people are uncertain about whether there is time in universe A, B, or C. Rather, it’s because they are divided between those that think there is time, and those that think there is no time or are uncertain whether there is time (see Figure 1 below). 

[image: ]Figure 1. Histograms showing people’s levels of agreement for the statement “There is time in universe A/B/C.” in the three experimental conditions (universe A, B, and C).

Due to an apparent bimodal distribution in people’s judgments about time in all three conditions we decided to run tests comparing the proportions of people who judged that there was time—call this a YES response, to those who judged there was no time—call this a NO response, or to those who were uncertain (i.e. chose 4)—call that an UNCERTAIN response
In order to test whether people were divided between a YES response and NO or UNCERTAIN response, we ran three separate one-way chi-square tests comparing the observed proportion between YES, and NO or UNCERTAIN in universe A, B, and C, to a theoretical 50/50 split. The results of these tests showed the proportion of people that responded YES, and  those who responded NO or UNCERTAIN did not differ significantly from a theoretical 50/50 split in universe A, X2 (1, N = 73) = .342, p = .558, universe B, X2 (1, N = 74) = 3.459, p = .063, or universe C condition, X2 (1, N = 72) = .056, p = .814. 
Table 1 also shows that the majority of people in the universe A and universe B condition judge there are present-tensed truths. However, in the universe C condition people are roughly divided in half between those that judge YES and those that judge NO or UNCERTAIN.  In order to see whether there was any significant difference in people’s present tensed truth judgments we performed a Kruskal-Wallis test to compare people’s judgments across universe A, B, and C.[footnoteRef:12] The result of this test showed that there was a significant difference between people’s present tensed truth judgments and which universe condition they were in X2 (2, N = 219) = 31.444, p < .001. Follow-up Mann-Whitney U tests with a Bonferroni correction showed that while people’s present tensed truth judgments, were significantly higher in universe A relative to universe C (p = .003), and universe B relative to universe C (p < .001), there was no significant difference between levels of agreement in universe A and universe B (p = .075). So, levels of agreement regarding present-tensed truths were, larger in universe A and universe B, relative to universe C, and there was no difference between universe A and B. [12:  This was done due to violations to the assumption of normality and homogeneity of variance. However, rerunning the analyses with a one-way ANOVA with follow-up pairwise comparisons using a Bonferroni correction does not change the reported results.] 

In order to test whether people were divided between judging YES and judging NO or UNCERTAIN to there being present-tensed truths in universe C, we ran a one-way chi-square test comparing the observed proportion, to a theoretical 50/50 split. The result of this test showed that the proportion of people that judged YES and NO or UNCERTAIN did not differ significantly from a theoretical 50/50 split in universe C (X2 (1, N = 72) = 1.389, p = .239; see Figure 2).

[image: ]
Figure 2. Histogram showing people’s level of agreement for the statement “Sentence (c), ‘presently there are physical properties’, is true in universe A/B/C.” in the universe C experimental condition.

Finally, in order to test for any association between people’s present-tensed truth judgments and their judgments about whether there is time in the universe in question, we calculated separate Spearman rank-order correlation coefficients for each universe condition. The results of these tests showed there was no significant association between people’s present-tensed truth judgments and time judgments in the universe A condition (rs (71) = .127, p = .284) and the universe B condition (rs (72) = -.001, p = .992). However, there was a weak positive monotonic association between people’s present-tensed truth judgments and time judgments in the universe C condition (rs (70) = .286, p = .015).[footnoteRef:13] [13:  One anonymous referee was concerned that our vignettes might imply that there is some temporal duration in the one-instant world through the use of terms such as ‘snapshot,’ which might be read literally as being photo-like and hence as requiring temporal processes. More generally, one might worry that participants might not really have understood that the world they are evaluating has no extension along the temporal dimension. 
The reported results are from those participants that correctly answered two out of three of the comprehension questions correctly, and so they include responses from some participants that incorrectly answered comprehension question (1), which was about whether the one-instant world is extended along the temporal dimension. In order to assess the robustness of our findings we re-ran our analyses excluding participants who answered comprehension question (1) incorrectly. Once participants are excluded, who answered (1) incorrectly, the remaining participants do clearly seem to be ones who understand that the one-instant world is just that: a one-instant world. 
Importantly, there was only one minor difference found after we re-ran analyses using only these participants. When we report that there was no significant difference between people’s present tensed judgements in Universe A and Universe B (p = .075), if we exclude participants who answer comprehension question (1) incorrectly then this result becomes just significant (p = .032). Apart from that, the results are the same. ] 


4. Discussion

First, in all three conditions roughly 50% (53.4% uncertainty condition; 60.8% present-truths condition; 48.6% no present-tensed truths) judged that there was time.  In all three conditions the mean level of agreement that there was time was around 4 (the mean varied from 3.99 to 4.28). But, as noted, this was not the result of a large number of participants being unsure whether or not there was time in the condition in question. Instead, we found a bi-modal distribution, with only 5.9% of participants giving a response of 4 (neither agreeing, nor disagreeing, that there was time in the condition in question). As we can see from the histograms, the population is split into two across each condition: those who judge there is time in that condition, and those who judge that there is not. 
	This suggests two possibilities, each of which locates the source of the disagreement in a somewhat different place. In both cases we will hold that the folk are roughly evenly split about whether it is necessary for there to be time, that there are events that bear (at least) C-relations to one another. But on one view the source of this disagreement lies directly in the folk concept of time itself: the folk have a conceptual disagreement about what counts as time. On the second view they also have a conceptual disagreement, but it’s not directly a disagreement about the concept of time, but rather, it’s a disagreement about what it takes for there to be (at least) a C-series in a world. 
	On the first view there are at least two sub-populations who deploy two different concepts of time:  one on which an A-, B-, or C-series[footnoteRef:14] ordering of events is necessary for there to be time, and one on which no such series is necessary. The former judge that there is no time in the one-instant world, the latter judge that there is time in the one-instant world. Notably, if this is the right account then the concepts deployed by these two sub-populations seem to be very different in content, even holding fixed that we can’t (from this data) spell out the content of either concept. (Indeed it leaves a big question unanswered, which is what the 50% of people who do not think even a C-series is necessary for time, do think is necessary for time). Moreover, if this is the right account of the data, then we can predict that ~50% of the population will conclude that there is time even in worlds that contain multiple instants, but in which no events at any of those instants bear C-relations to one another. If so, that is notable, particularly in light of recent accounts of quantum gravity which suggest something like this picture, but conclude that it is timeless .[footnoteRef:15]  In addition, this finding goes against philosophical orthodoxy that at least a C-series is necessary for time, and perhaps something more than a C-series is required.  [14:  There might be disagreement, here, about which of these orderings is necessary. This population might be split between those for whom an A-series is necessary for time, those for whom a B-series, but no A-series, is necessary, and those for whom a C-series, but neither a B-series nor an A-series, is necessary. ]  [15:  This is the kind of timeless picture that is presented by some quantum gravity models, such as the Machian approach of Barbour (1994a, 1994b, 1999). It’s worth noting that the original Machian account presented in Barbour can be thought of not as timeless, but rather, as closer to some versions of the C-theory (see Gryb & Thébault (2016). However, our view is that the extension of this Machian theory to provide a full theory of quantum gravity is best interpreted as genuinely timeless, (and not as containing a C-series) since the process of best-matching to which Barbour appeals in the extension of that Machian account cannot provide anything like a C-series ordering once we have a configuration space that contains every nomologically possible arrangement of particles in three-space. ] 

	On the second view there are not at least two sub-populations who deploy two different concepts of time, one on which (at least) a C-series is necessary, and one on which it is not. Rather, it is consistent with the data that all (or most) participants agree that there must obtain at least a C-series, but where there is disagreement amongst participants regarding the conditions under which there is (at least) a C-series. 
To see how this could be, consider: is it the only way for a world, w, to lack a C-series, that w contain multiple instants, and no two events located at different instants in w bear a C-relation to one another, or, is it sufficient for w to lack a C-series, that w fails to contain multiple instants, and a fortiori that there are no two events located at different instants that bear a C-relation to one another? Philosophers who think the one-instant world is a timeless world presumably think that the latter is the case. These philosophers think there are two ways a world can lack a C-series: to fail to have multiple instants, and to have multiple instants, none of which have events located at them, which bear C-relations to one another. 
What this second interpretation of our results suggests, is that roughly half of the folk agree with philosophical orthodoxy that there are two ways a world can lack a C-series—by failing to have multiple instants, and by having multiple instants none of which have events located at them, which bear C-relations to one another—and roughly half hold that only the second of these is a way for a world to fail to have a C-series. 
On this way of interpreting our results, there is no conceptual disagreement about whether a world must contain an A-, B- or C-series in order to contain time, but rather, a disagreement about whether a one-instant world does contain any such series, and hence, a disagreement (possibly itself conceptual) about the sufficient conditions for a world to lack a C-series.
	In either case, there are important lessons here. Either a large percentage of folk have a concept of time that is much more minimal than has been previously attributed to them, because they don’t think that even a C-series is necessary for there to be time, or the folk are drawing a distinction that philosophers are not, between two ways in which a world can fail to have a C-series. In either case, further investigation is required, given the variety of roles that the folk concept of time plays in metaphysical debates.
	That brings us to the second key finding. We found no statistically significant difference in participants’ strength of agreement that there was time, across any of the three conditions. This was despite the fact that there was a robust correlation between participants being in a particular condition, and believing that the vignette described is one in which that condition obtains. So although the experimental condition—present-tensed truth, uncertainty, or absence of present-tensed truth—had an effect on participants’ judgments about whether present-tensed statements were true in the vignette they evaluated, it had no effect on their view about whether or not there is time in that vignette. These findings undermine Tallant’s (2018) view that the folk concept of time is sensitive to whether there are present-tensed truths in a world. For whether or not participants believe that a one-instant world contains present-tensed truths has no affect on whether they think that it contains time.

5. Conclusion

This study does not tell us what some, or all, of the folk think is necessary for time. But it does suggest that philosophical assumptions about what the folk take to be necessary are mistaken, at least for ~50% of the folk. Either many of the folk have a much more minimal concept of time than we have attributed to them, or they disagree (amongst themselves, and with philosophers) about what it is for a C-series to obtain at a world. In either case, this suggests that follow up work to plumb other aspects of the folk concept is required if we are to be able better to say something about the conditions under which the folk would be error theorists about time, either actually, or counterfactually. 
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