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(IN)STABILITY OF CAUSALITY-REPRESENTATION IN THE SPACE OF
MULTIPLE MENTAL REPRESENTATIONS OF TIME FLOW*

The article examines the interconnection between time and causality. It describes an instability in
causality-representation when causal relata are projected on the space of the multiple cognitive
representations of time flow. Traditionally the manipulability theories of causation are taken for cases
when all elements of the causal chain are given within conventional linear time flow. Within the
manipulability approach to causality, the article examines how far human cognitive system contributes to
variability of mental representations of cause, effect and their temporal connectedness. The paper answers
the question whether and how the different time-representations affect the human ability to model
causality. This makes the novelty of the proposed approach. To do so one follows the minds ability to
produce the multiple representations of time flow. So, we went beyond the traditional assumption about
singularity of mental time flow and introduced the notion of the multiple time representations (Polunin,
2011, 2015, 2016, 2021). As each single time-representation is described by distinct functional features, it
specifically impacts the mental representations of an event happening in its time, and consequently, the
representation of causal relata. Therefore, we argue for essential variability of mental representation of
causality in the space of the multiple cognitive representations of time flow. This variability can be
demonstrated without any real change in the world events involved in the causal relationship, thus
describing the mind’s contribution to causality. The proposed approach allows for its empirical
examination. It makes possible to manipulate individually the representations of cause and that of effect,
examining more deeply the contribution of the human mind to their relationship. This stresses the mental
nature of causality, its subjective judgment and it points to the possible deviations in judgment outcomes
regarding availability vs absence of causal relationship.

Keywords: causality, time, manipulability theories of causality, representation of time, multiple representations of
time flow.

Introduction

How do we explain our personal and social experience? What are the essential
components of all arguments in science and everyday life? Are we not appealing in such cases to
causality? But what do we rely on when judging a causal relationship? What makes an event
perceived as having cause and effect? When answering these questions, the notion of time plays a
crucial role. Mental representation of temporal connectedness is key factor for recognizing two
events as causally related. Usually temporal connectedness is built upon conventional
representation of singular time flow. And often we ignore that our mind is able to develop more
than one concept of time (Gell, 1992; Widlok, 2014). Such time concepts are developed by the
human mind in a reflective goal-directed mood. But in a prompt, daily judging of the events one
relies on the cognitive representations of time flow. The mind develops also more than one
cognitive representation of time flow (Polunin, 2015, 2016, 2021). In discrepancy to the findings
by Boroditsky (2011), Boroditsky and Gaby (2010) who shown that people from the different
cultures differ in their representation of time flow, we have shown that the subjects from one and
the same culture, speaking the same language are able to develop the different mental
representations of time flow. This finding rests upon the set of experimental studies on the role
of time-representation in decision making (Polunin, 2009, 2011, 2013, 2014, 2015, 2016). Each of
the cognitive representations of time has its distinguished features and accordingly impacts
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temporal representation of an event over time. Thus, alternation of the mental representations of
time flow is the ground for the subsequent variations in cognitive representation of causal relata
and then in representation of the whole causal relationship.

At the general level we are answering the guestion about the impact of time representation
on establishing a cause-effect relationship within the manipulability approach. Our key move is to go
beyond the traditional assumption of the singularity of mental time flow and elaborate the role of
the different time-representations for mental modelling of causation. The general logic of the
article is as follows: we start from the notion of the manipulability approach to causality
modelling. We stress the role of the mind in representing causal relata and in judgment about
presence or absence of a causal relationship. In the next step we point to the role of time in
establishing a causal relationship. Thereafter we show that the human mind develops several
different representations of time flow. Further, the idea of the multiple representations of time
flow is interconnected with the mental modelling of causality. We analyze the key aspects of
manipulativistic causality in the space of the multiple time representations. The causal relata are
mapped on the known mental representations of time flow which results in a corresponding
variation of relata-representation. As a result, one is confronted with variability of causal
relationship, namely with instability of its mental representation. Thus, through manipulation of
mental representation of time flow we specify the role of time as foundation to the causality
modelling within the manipulability approach. Doing so we are also examining the limits of the
manipulationist theories of causality.

Causality modelled within the manipulability approach

In metaphysics one finds a number of theories of causation — regularity theories,
probabilistic theories, process theories, counterfactual theories, and manipulationist theories. The
standard view of the causal relata is that they are of the category of event, and that their number
is #wo (A and B), in the roles of cause and effect, such that A is the cause and B effect. While the
standard view numbers the causal relata at two (Davidson 1980, Mackie 1965, Lewis 1986), one
finds some support for the views featuring three and even four relata (Hitchcock 1996,
Woodward 2003). Here we take three components of causal relata: event A, event B and a time
distance between the events A and B. Since the human mind provides representations of all three
components, we assume that variations in representation of the relata should result in variation of
causality-representation. In our view the job of the relata is to provide a sufficient amount of
information for a cognitive system for arriving at conclusions about the causal relationship. This
amount can be varied in a way similar to our previous studies (Polunin, 2009, 2015, 2016). One
manipulates temporal representation of each of the relata. Our thesis stresses the variability of the
causality judgment for a formally similar case.

The manipulability theories of causation assume that causes are to be regarded as devices
for manipulating effects. There are several prominent versions of such theories advocated by
Gasking (1955), von Wright (1971), Menzies and Price (1993), and Woodward (2003). It is
essential that the manipulationist approach assign a central role for understanding of causation to
human action. We interpret human action as internalized information processing which results in
the mental representations of the causal relata, namely the representations of event A, event B
and that of time distance. For our case the action consists in activating different mental
representation of time flow and mapping the causal relata on them. By manipulating each of
these representations, one induces a discrepancy in the relata representation and puts a strain on
the manipulability framework, examining its limits and reliability.

Anscombe (1975) claims that causation is an intentional relation, and takes causation to
be relative to descriptions of the primary relata. On this view, causal relations have the form:
A causes B relative to D, where D is an ordered pair of descriptions (for A and for B). The other
thought arises from Peatl’s (2000) work on causal modelling, where he treats causation as relative
to a certain kind of mathematical representation. On this view, causal relations have the
form: A causes B relative to M, where M is an apt causal model of the situation. So, we face a
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kind of dependence of causality depending on the way the relata are represented. For our analysis
we take not every kind of relata representation, but just the representation in time. One induces
the variability of causal relata through impact on their properties by different representations of
time. The specified variability in representing the cause-effect relationship highlights the
contribution of the cognitive system to development of a causal picture of the world. Here we
follow Buzzoni (2014, 377) who states that “human beings ... are the indispensable factor in
establishing causal chains.”

Cook and Campbell (1979) write: “The paradigmatic assertion in causal relationships is
that manipulation of a cause will result in the manipulation of an effect.” In our view,
manipulation of cause representation results in variation of causality representation. The same is
true for effect: a variation in effect representation impacts the causality representation. Put
simply: an absent or a minimal representation of cause or that of effect means no causality
representation. So, we argue for an essential contribution of the mind in establishing causality.
We assume that the mind relies on one’s own ability to represent the A and B events before
drawing a conclusion about availability/absence of a causal relationship. Thus, we distinguish
manipulation of cause and manipulation of cause representation, and the same for effect and representation of
effect. With this in mind, one also assumes, for instance in a priming effect, that a mental
representation of cause implies that its variation varies the representation of effect. The way the
mind processes a potential cause impacts the information processing relevant for mental effect
processing. But how do we induce such manipulation of the A and B representations? By
alternating time representation for one and the same worldly happening, one impacts the
judgment outcome about availability/absence of the causal relationship.

Menzies and Price (1993) defend the claim that an association between A and B persists
when A is “manipulated” in the right way and then A causes B. We need to be much more
precise by what we mean by A and B. Somehow within such approach one ignores the role of the
judging person; one ignores a contribution of the mind establishing the causal relationship
between A and B. What is essential is whether A and B are taken as the worldly events or as their
representations by cognitive system. The mind judges availability of causal relationship between
A and B based on the mental representations of A, B and that of the time distance between them.
Thus, one has to consider a possible variability of the corresponding mental representations. At
least two sources of such variability should be considered: the real events in the outside world,
and the mental information processing, for instance impact of framing. The examples of such
impact were shown in the experiments on intertemporal decision making (Polunin, 2009, 2015,
2016), when one and the same monetary proposition (a worldly happening) essentially changed
its value at the level of representation, and impacted behavior differently.

The notion of an intervention is rightly seen by many authors as central to the
development of a plausible version of a manipulability theory. The basic idea is that of an exact
change in A which is of such a character that if any change occurs in B, it occurs only as a result
of its causal connection, if any, to A and not otherwise. In other words, the change in B, if any,
produced by the manipulation of A should be attributed only to a causal route that goes from A.
The described changes in the value of a variable that have the right sort of surgical features have
come to be called interventions (Spirtes, Glymour, and Scheines 2000; Meek and Glymour 1994;
Hausman 1998; Pearl 2009; Woodward 1997, 2003; Woodward and Hitchcock 2003; Cartwright
2003). Our guestion is about the nature of intervention. One can intervene on a worldly event. But
one can also intervene in the representation of an event. We argue that there are interventions
that change representation of A, and then change judgment of causal relationship between A and B,
but do not impact the real-world causal A-B relationship. It is possible to have change in
representation of A that forges a real-world change of A. Such intervention questions the
reliability of the whole interventionists approach requiring its further development and
specification of the possible interventions. If one can intervene in causality representation
without any manipulation of the worldly events, one can produce a world picture based on a set
of illusory causal relationships.
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Here we are speaking only about direct causes. A is a direct canse of B if and only if under
some intervention that changes the value of A, the value of B changes when all other variables
are held fixed at some value. A direct causation presupposes an immediate connectedness
between A and B. For the indirect cause it would be even easier to show some framing-effects
that break a stable representation of the A-B causal relationship.

Manipulability models of causation and the multiple representations of time flow

Nature itself does not establish and does not judge the availability of causality. The
human mind judges the absence or availability of a causal relation between A and B. It does so
based on the mental representations of A, B and the time distance between them. Events A and
B may be placed in a different time mode — past, present, future, which makes their mental
representations sensitive to time flow. But the notion of time and time-representation are also
developed by the mind. Moreover, the mind develops different representations of time flow
(Boroditsky and Gaby, 2010; Polunin, 2015, 2016, 2021). This is why we are paying attention to
the temporal dimension of all basic elements that later could be interpreted as causal relata. In
addition to the intervention, the performer — actor — must be analyzed regarding temporal
features. Each element, A, B, distance between A and B, and actor can be projected on the
different representations of time flow. As a result, each of them can specifically vary within the
time dimension.

Recognizing the critique by Hausman (1986, 1998) of the manipulability theories, namely
that they lead to a conception of causation that is anthropocentric, we examine how far the
human cognitive system contributes to manipulability on of the mental representations of cause,
effect and their temporal relation. Taking the concept of causality as outcome of the human mind
we are digging deeper in the anthropocentric domain of causation. Manipulating actual
representation of time flow one produces different representations of causal relations that appear
for the subject as being equally trustworthy. Up to the certain level, our approach goes along with
the position by Menzies and Price (1993). They assign a central role to the notion of agency in a
manipulability theory. We just fill this agency with different content. Here we distinguish a real-
world intervention from an intervention applied to mental representation of causal relata.
We also introduce a new kind of intervention, which uncovers dependence of all causal claims on
the mental representations of time flow. So, establishing a causal relation becomes dependent on
an actually activated representation of time flow. Thus, the notion of intervention must be
reconsidered in the space of the multiple mental representations of time flow. It is similar to
transition from modelling along a singular line to modelling in a multidimensional space. Such a
step increases the scope of possible interventions, and so variability of the perceived causal
relation. Even if this variation is given only in the mind of the actor or observer, a person
establishing the presence or absence of a causal relation, it necessarily impacts the judgment
outcome of presence/absence of a causal relation. Thus, a given event in the wortld, after being
projected on the different mental representations of time flow, may show different power in
serving as cause maker. Potentially, a projection of the A and B events on some representations
of time flow may even break a representation of causal connectedness between A and B, initially
established along the conventional singular time flow. So, it is necessary to specify the conditions
under which variation of A, B and of time distance between A and B impact the mental
establishing of an A-B causal relation.

It was experimentally shown (Polunin, 2009, 2014, 2015, 2016) that different mental
representations of time differently impact the representations of an event in human mind. The
value of A is a function of an actually activated representation of time flow: A(t)=1(t), since t; #
t, one gets A(t)7ZA(t), where t and ¢ are the i-th and the j-th representations of time flow; and
A(t) is value of A within the t; time flow. The same applies to the i-th representation of time.
Holding constant all other variables, we can separately vary the values of A and/or B just by
projecting them on the different representations of time flow. The “and/ot” is used here in the
sense that A and B are two different events. Each of them can be projected on a separate time
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flow, t and t, inducing different variations in event-representation, e.g., Aij(A), and/or Ay(B).
The variability in representing A and B describes a possible discrepancy in establishing a causal
relation between A and B.

An inequality of A projections on the i-th and j-th time flows is: A(t)ZA(t). Similarly, if B
is a projection in two time flows, one gets B(t)#B(t). Since a causal relationship is based on the
mental representations of the events (A and B), one expects variability in establishing of causality.
Namely the causal relationship for A(t)—B(t) does not equal A(t)—B(t). Since each of the time
representations differently impact the proximity of the events, one expects also the variation in
stability of a causal relationship A(t)—B(t) vs. A(t)—B(t;) as a function of a time distance. In
such cases the initially established causal relation can even be eliminated or perceived as weak.
This points to the manipulability of subjectively perceived strength of causal relation.

What causes an event to be perceived as a cause? What forces the human mind to
perceive an event as a cause? It is the observation of a phenomenon that could be interpreted as
effect. Such observation is possible on condition the phenomenon af#fracts a subject’s attention
and is valued by the subject. After having such effect, one begins to look for a forerunning event,
which can be recognized as a cause. Doing so, one relies on the notion of time and on an
assumption about the availability of a causal relationship. Conversely, if there is no noticeable
change of B or significant change of B’s mental representation, there is no ground to look for any
A, no ground to imagine an A-event as a cause. One will never look for a cause of nothing,
unless one was expecting a kind of nothingness. A subjective value of B predefines its potentiality
for serving as effect. Because a search for a cause (A) begins only after an observable subjectively
important event (B), a manipulation of a cognitive representation of B makes sense.

In our approach, A will qualify as a cause of B as long as value of A produced by a time
representation j, A(t), is perceived as sufficient for producing a change in perceived value of B.
Similarly, for B projected on one of the time representations, e.g., on tj, and having value of B(t),
it is true that B(t) has to be perceived as sufficient to be a consequence of a changed value of A.
The variations of A and B through their projection on the different representations of time flow
must refer to the right sort of causal characteristics, otherwise a causal relation may be not
established. Let us stress that it does not manipulations of real A and B, but of cognitive
representations of A and B in the space of the multiple mental representations of time flow.

A great deal of work on manipulativistic causation has been accomplished by Pearl
(2009), who provided an efficient illustration of the usefulness of a manipulationist
framework. He (2009: 70) characterizes the notion of an intervention by reference to a notion of
a causal mechanism. A functional causal model is a system of equations X/=F(Pa;Uj)
where Pai represents  direct causes of X7that are explicitly included in the model
and Ui represents an error variable that summarizes the impact of all excluded variables. A
distinct causal mechanism is understood to be “autonomous” in the sense that it is possible to
interfere with or disrupt each mechanism (and the corresponding equation) without disrupting
any of the others. We argue that temporal representation of the components belonging to one
causal mechanism, in first line a temporal representation of Pai, and that of impact on Xi, may
vary. So, a description of the functional properties of a causal mechanism should be taken as a
function of time representation, within which one describes such mechanism, namely Pa/=£(%)
and Ui=f{1).

Moreover, there are certain representations of time flow, e.g., situational time flow,
which, if applied to one causal mechanism, most probably will also impact the other causal
mechanisms. This may break the requirement of distinctiveness. So, a temporal outline of one
mechanism may be relevant for temporal representation of the other mechanism, initially thought
to be autonomous. Thus, a variation of time representation cannot always guarantee an
independent impact on one mechanism alone, that is, without impacting the other one. The
undoubtedly great contribution by Pearl (2009) misses at least some of the possible impacts of
the human mind on establishing the causal relation.
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In general, an intervention itself and relationship between Xi and its cause (Pai) can be
determined by a time-representation they are placed in. Formally, one replaces initially singular
Pai with an array of its projections on the different representations of time flow, getting Pai(A,t;)
# Pai(A,t), and X(t) # X(t). Furthermore, the different time representations can be activated in
the mind of both actor and observer, so that one gets two arrays. An array for the actor:
Pai(Ac,t1), Pai(Ac,ty), Pai(Ac,ts), Pai(Ac,t); and the other for observer Pai(Ob,t;), Pai(Ob,ty),
Pai(Ob,t3), Pai(Ob,t), where Ac means actor, Ob — observer, and t means the j-th time mind
representation of the actor and observer. Because of the discrepancy in the properties between
Pai(Ac,t) and Pai(Ac,t); and also because of the discrepancy between the Pai(Ob,t) and
Pai(Ob,t), one gets two arrays for Xi. One array corresponds to the mind of an actor and the
other one to the mind of an observer: Xi(Ac,t1), Xi(Ac,t2), Xi(Ac,ts), Xi(Ac,t); and Xi(Ob,ty),
Xi(Ob,t); Xi(Ob,t;), Xi(Ob,t), where Ac means actor, Ob — observer, and t; means j-th time
representation in the mind of the actor or observer. Therefore, one expects certain discrepancies
in descriptions of the causal mechanism. This points to a necessity of a further development of
the manipulability theory of causation regarding the space of the multiple mental representations
of time flow.

Based on what has been presented, we argue that there are special interventions that
essentially impact our mental representations of causal relationship but without changing the
causal relation itself. One can manipulate an outcome of causality judgment without any
manipulation of the worldly events relevant for the causal relation. In other words, a subject can
make a mistake producing an illusory causal relation. Or conversely a causal relation available in
the world can be impropetly represented in the mind and so denied.

The multiple representations of time flow

The singularity of time flow seems to be a very strong and centuries-long convention
across different concepts of time. So, it would not be easy to overcome this singularity. But let us
ask a question, is not our mind able to develop several different representations of time flow, so
that it has several temporal perspectives on past events and future perspectives? Here we are not
getting in the discussion whether time is real or not, we are just stressing the contribution of the
mind to the development of time-representation. Our argumentation proceeds from the thesis
that representation of time flow is a product of information processing by the human mind.

Some of the eatlier philosophical studies can be seen as argument for time as outcome of
mind activity. In various forms, one finds doubts as to the reality of time in the works by B.
Spinoza, I. Kant, G.W.F. Hegel, A.Schopenhauer, and ]J. McTaggart. The modern philosopher
Bas van Fraassen (1985) connects time to the mind’s ability of reasoning. Other studies underline
the role of perceiving subject (van De Grind, 2002). Since there is no specialized receptor for the
transduction of time one can assume that time is constructed by cognitive system itself (Gibson,
1975). Gruber and Block (2013) are inclined to present time flow as a kind of perceptual illusion,
product of information processing. The numerous distortions in time processing point to the fact
that the mind is heavily involved in the development of time-flow-experience (Eagleman 2005;
Terao, Watanabe, Yagi, Nishida, 2008). One finds additional arguments in the studies on time
linguistics, e.g., Vater (2007), Jaszczolt (2009, 2012, 2013, 2017) and in the studies on time
representation within different cultures (Boroditsky, Gaby, 2010; Gell, 1992; Widlok, 2014).

Our own experimental results (Polunin, 2009, 2015, 2016) point to the existence of quite
independent representations of time flow: situational and propositional time flow, time flow
modeled from the first- and the third-person perspective, and a number of other representations
of time flow (figure 1). Each of the cognitive representations of time flow has its characteristic
properties that specifically modulate subjective value of an object/event over time. For example,
an amount of money placed in different representations of time flow shows the differing rates of
value of an object. Consequently, each representation of time flow differently influences
cognitive modelling of cause, effect, and subjective distance between them. The known time-
representations are given in the figure 1, but they do not describe all representations of time flow
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human mind may develop. (For a more complete list of the known mental representations of
time flow, see Polunin, 2021).

Time flow

as general concept

Situational tume flow Propositional time flow

representation representation

Time tflow
from the 1PP

Time flow Propositional tume flow Pl;opositional time flow
from the 3PP from the first person from the third person
perspective (1PP) perspective (3PP)

Aging 1n Past

Presence
Past openness . oing 1 e
StOL S Zero-barrier or _ -‘\-_111: lm Futm o
: P i < 1 0 C C bi‘ €
simple waiting (an 1magined past 1 tuture)
Past time mode Present Future ttime mode

The conventional time mode (past, present and future) applied mostly to all
representations of tume tflow

Figure 1. Mental representations of time flow. 1PP means a time representation modelled
from a first-person perspective, 3PP means a time representation modelled from a third-person
perspective. Zero barrier means simple waiting when probability to realize a proposition equals
zero during the whole interval of waiting,

The multiplicity of time representations means a multitude of intertemporal changes (Aj)
for one and the same object (event) over one and the same physical time distance. Figure 2a
shows the conventional time flow when one object underlies one representation of time flow (t1)
and A; shows the object’s change over time. Figure 2b shows a representation of an object within
the multiple cognitive representations of time flow. The vectors show the possible time flows (t1,
t2, ... t, tj) to be actualized. The variation A; marks a corresponding change of object-(or event-)
tepresentation within time flow t. Itis presupposed that t; # t and thetefore A # A;. In the same
way as each time representation specifically impacts the evaluation of an object it should also
impact the evaluation of causal relata. Such an impact can influence a final representation of an
event and thus the final establishing of causality.
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Figure 2. The representations of an object changing over time. Each time arrow
corresponds to a representation of a single time flow.

Following ].J. Freyd (1987; 1992) who argues that every cognitive representation has a
temporal dimension, we must also accept that every event (cause or effect), which relies on
cognitive representation, must include a time factor in an explicit or implicit way. Since both
cause and effect, underlie a time-flow representation, both can show variability in their cognitive
representation, meaning that A; of cause and A; of effect. This variability implies the dependence
of cognitive representations of cause and effect from an actually activated representation of time
flow, t. Since t; # t;, one gets inequality for the representations: ‘cause in t # cause in . The
same argument is true for subjective tepresentation of effect: ‘effect in t # effect in . This
provides the multiple ways for evaluating an object (an event) over the same time. Thus,
depending on actually activated time flow representation, instead of a conventional singular
correspondence between an event representation and a physical time moment, one expects a
multiple correspondence between an event representation and the physical time moment (figure
2b). So, one widens the subjective temporal component of the spatial-temporal region where
causal relationship is established. This increases its correspondence to real human behavior.

An example could be a demonstration of how one can project a cause on the different
representations of time flow. Let us take the following case. Imagine a monetary proposition of
X Euro, which may serve as cause inducing certain action — a wish to go to the other shop for
saving the proposed amount of money. So, we have a cause, the monetary saving proposition of
X Euro, and a possible effect it induces — an acceptance of the proposition. To show how the
same cause may change its power to induce an effect let us project it on two different
representations of time flow — on a siznational time flow and a propositional time flow (Polunin, 2015).

The situational time flow describes as a mental jump from one situation to the other one,
so that all elements of the situation — a subject, a monetary proposition, and whole environment
are momentarily transferred over time. After activating the situational time flow, a subject
transfers themselves in a moment into the new situation. Propositional time, on the other hand,
is tied to the proposition itself, which “flows” in time, in our case to the possibility to save
money. The propositional time flow is partly similar to conventional time flow, but the difference
is that it applies only to the object, e.g., to a proposition or a commodity. After activating this
kind of time representation, the subject’s mind follows the proposition over time. The
proposition “flows” in time, but the person “remains” at the current time moment. A
discrepancy arises between one and the same proposition (a potential cause) when one activates
the situational and propositional time flow. As our study (Polunin, 2015) shows, the same
proposition after being projected on the situational time flow causes a majority of people to
accept it; while after being projected on the propositional time flow only a minority of the people
were ready to accept it. So, despite the mathematical equality the same proposition, being
projected in the different time flows, may or may not serve as a cause for inducing a certain
action. The detailed description of this kind of temporal framing effect is given in our article
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(Polunin, 2015)."! Beside this example, one may project a cause on the time flows models from
the first- and the third-person perspective (Polunin, 2016), which, despite the formal
mathematical equivalence, may essentially modulate the power of cause to the point of
elimination.

The temporal factors essential for representation of cansality.

There are the other factors one should take into account. At the subjective level a cause is
interpreted as something bringing about an effect, something what makes an effect more likely,
or having the capability to produce an effect. This ‘something’ may be mapped (a) on the
different representations of time flow and (b) it may be described through the different markers
of time. One of the examples is an anomaly in intertemporal choice: the “date/delay effect”
described by Read et al. (2005) when a discrepancy in the representation of time distance impacts
perception of a proposition value. The same is true for an effect. The cause-effect relata can be
modeled also within the representations of (a) direct and (b) inverse time flow, which modulates
the cognitive costs of their processing. Facing the discrepancy in cognitive costs following the
line of events along or against time flow, the mind should show a discrepancy in readiness to
recognize causality. Moreover, a time distance between cause and effect can be mapped on the
different representations of time flow or it can even include a switching from one mental
representation of time flow to another. A composition of two different time representations
within one task was used already as method in the study by Polunin (2015).

An additional variable is a ‘placement’ of a person judging a cause-effect relationship
within the different representations of time flow. One distinguishes actor and observer regarding
an event. An observer as judge of a causal relation, can be ‘placed’ within different
representations of time flow. The discrepancy between an observer and an actor serves as an
additional factor extended over time. The above listed factors make an array of the time variables
that impact the subjective judgment regarding availability/absence of causal relations.

One has to consider that according to its nature each potential cause and effect (the A
and B events) can be constant or variable. For instance, weight of a piece of metal taken as cause
does not change under the constant external conditions. But value of the same amount of money
changes over time. Furthermore, the potential cause and effect can be constant or variable at the
level of mental representation. For instance, as long as I am alive I am represented in my mind as
alive. But representation of me as thirsty man can vary in my cognitive system. Few hours ago I
was thirsty, but now I am not. So, one distinguishes the causes and effects constant and variable
in their nature, and the causes and effects constant and variable at the level of cognitive
representation. This makes a limitation for the proposed approach. An event that remains
constant at the level of representation most probably will not be impacted by its projection at the
different mental representations of time flow.

A specification of impact of the temporal factors.

According to previous results (Polunin, 2009, 2014, 2015, 2016), a time representation
impacts the proximity of an object given as proposition in a decision-making task. Some of the
time representations make an object appear close and some as distant. This impacts the perceived
value of the object/event. Proximity predefines also the subject’s involvement in information

!'The example of how one activates in mind the representation of situational time flow and propositional time flow.
In the study we have used a monetary saving proposition in the Ukrainian currency (UAH). In both cases the pro-
posed amount of money to save is the same — 99 UAH, time distance is also the same — 4 days.

Situational time flow. Please imagine that in 4 days you will go to the supermarket of electronics to purchase a notebook
computer for 3199 UAH. When you choose a notebook computer and will be going to the cash desk a shop assistant
informs you, that the notebook you wish to buy is on sale for 3100 UAH at the other branch of the store. Would
you make the trip to the other store?

Propositional time flow. Please imagine that you went to the supermarket of electronics and are about to purchase a
notebook computer for 3199 UAH. When you choose a notebook computer and are going to the cash desk a shop
assistant informs you, that the notebook you wish to buy will in 4 days be on sale for 3100 UAH at the other branch
of the store. Would you make the trip to the other store?
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processing regarding this object/event. For instance, despite the same physical time distance to
an event, an activated representation of situational time induces a stronger proximity effect than
propositional time flow. Time flow modeled from the first-person perspective results in a
stronger involvement than time representation from the third person perspective. In this case, we
must also consider the variables like absolute and relative attractiveness of proposition. A time
representation reflecting an aging of event in past time mode induces higher decrease of
proximity than representation of past openness; but for these two kinds of time representation,
we have to consider the relative attractiveness of the object/event and time distance. A
representation of aging in future time mode induces stronger decrease of proximity than simple
waiting which is also called a zero-probability barrier (figure 1). With some generalization and
simplification one can present it as it is given in Table 1. Here we see the term of high proximity
means experiencing an event (object) mentally closer to subject, and as being more valuable and
important. A high mental proximity cotrresponds to low ignorance towards such object/event. A
condition of low proximity corresponds to a high ignorance towards an object/event. Table 1
describes the impact of each individual representation of time relative to the other time
representation, given in pairs.

Level of subjective proximity
Proximity LOW Proximity HIGH
The propositional situational
representations of time 3PP 1PP
flow given as opposing past openness aging in past
pairs simple waiting in future aging in future

Table 1. The impact of time representation on proximity of an object/event. The change
of proximity is considered regarding growing physical time distance.

Table 1 describes the possible outcomes in event evaluation if it were projected on one of
two paired representations of time flow. It goes about projection of A and/or B events (potential
causal relata) on different representations of time flow. The proposed projection of causal relata
on different representations of time flow goes up to a certain level according to the Pearl’s (2009)
understanding of an intervention. Formally, we are following a procedure: if A were to be
changed by an intervention to such and such a value, the value of B would change.
If representation of A were to be changed by an intervention consequently changing its value
level, the representation of A-B relationship would also change. And here we are getting an
additional possibility to vary a representation of B without changing A. If representation of
B were to be changed by an intervention changing its value level, the representation of the A-B
relationship would also change. Furthermore, we can simultaneously change the representations
of A and B, and so impact the representation of the causal relation. Thus, one manipulates the A-
and B-representations in the subject’s mind and impacts the conclusion about causal
connectedness between A and B. The other manipulation would be projecting of time distance
between A and B on the different representations of time flow. Applying different
representations of time distance, one can also vary the value of each component (A and B) of the
causal relation. The actor and observer could also be placed within different time flows.

In general, applying the different representations of time flow, one induces change in
representations of A, B and in that of A-B-distance, and so one impacts their subjective value.
The last one may vary from a strong overestimation and down to an underestimation.
Consequently, it impacts the subjective “weight” of each single event and the conclusion
regarding the causal relation between A and B. Due to these manipulations, a previously
established representation of a causal relation between A and B may be disrupted, or conversely,
we might find one where it was earlier taken as absent.
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Discussion.

The manipulability theories of causation were developed for cases when all elements of
the causal chain are given within conventional linear time flow. As soon as the elements of a
potential causal chain are given within a different representations of time flow, a representation
of a causal relation has to be essentially deformed. Thus, not all causal relations established within
conventional time flow will be confirmed when the corresponding causal relata are projected on a
different representations of time flow. On the other hand, the human mind naturally relies on
varied representations of time, therefore the described instability of a causal relation is rather a
natural outcome of the human cognitive system. In some cases, it manifests through doubts
regarding causality.

Cartwright (2002) contends that the interventionist account is “monolithic:” it takes just
one of the criteria commonly thought to be relevant to whether a relationship is causal. When
introducing multiple mental representations of time flow we are following the “pluralistic”
account. We are showing that the diverse representations of time flow are relevant for
establishing whether a relation is causal or not. We are pointing to the factors described as
subject’s mental constructions, and not as the variables from the outside world. The introduction
of the multiple time representations leads also to a deeper reductionism. It highlights the more
elementary contributors to establishing of cause-effect relationship in our thinking.

The next question is how many causal relations one can develop for the same A and B
events but projected on the different mental representations of time flow? And what allows for
the discrepancy among them? To give an exact number, one would have to know all possible
representations of time flow the human mind can generate, which is not possible (at this point
anyway). A projection of all elements of a potential causal chain on all possible representations of
time flow and on their different combinations, also with consideration to the possible locations
of the subjects (actor and/or obsetver) in all time modes, should give the total number of
theoretically possible causal relationships for a pair of the A and B events. Formally one can
describe it as a function: CR=f (events, time representations, actor/observer, location of
actor/observer on timeline), where CR stands for a conclusion about the availability of a causal
relation. The proposed approach is valuable in the sense that it allows for empirical examination.
It makes possible to manipulate individually the representations of cause and that of effect,
examining more deeply the contribution of the human mind to their relationship. Such
experimental examination of causality representation serves as a research program. It shapes the
theoretical background for a number of new empirical studies on time and causality in cognitive
sciences and psychology.

Thanks to the specification of the mentioned variables, we are able to emulate an
intervention that impacts the judgment outcome about a presence/absence of a causal
relationship. This is a manipulation in the person’s internal world without touching the worldly
causal relation itself. Thus, the described variability of cause-effect relationship highlights the
contribution of the cognitive system to development of the wotld picture. This contribution is
analogous to the role of a functional features of a microscope for creating an object’s picture.
The functional features of every registration device predefine the outcome of its work, which is
also true for the cognitive system.

Introduction of the multiple time representations induces an uncertainty in causality
modelling. But it is just an initial uncertainty. One faces the multitude of representations of
events serving as potential cause and effect. But since the properties of each single representation
of time flow enjoy a more precise specification, the inferences should also be more precise. The
mentioned variations in causality judgment are closer to real human thinking. From a
computational perspective the introduction of multiple time representations in causality
modelling contributes to its high precision and high correspondence to reality. Such modelling of
causal relations preserves a perfect match of the facts and descriptions over the largest possible
spatial-temporal region. This gives value to an extended modelling of causality within a complex
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temporal dimension. One widens the temporal component of the spatial-temporal dimension of
causality.

Causality does not only have explanatory power, but it is an essential part of action
preparation (Brown, Pluck, 2000; Jeannerod, 2003). Thus, the modelling of causality in the space
of multiple mental representations of time flow should contribute to the further and more precise
modelling of individual and social behavior. In a permanently changing world, we create the
number of world pictures reflecting different dynamical aspects and so different predefined
reactions for each of these world pictures. In this sense, the described variability of causality
representation widens the spectrum of behavioral responses to the world and reflects one of the
adaptive mechanisms onto the cognitive level.
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AHOTAIIIA

V crarTi AOCAIAXKYETBCA B3a€MO3B 30K MK 9acoM i mpuyuHHICTIO. OmHCcyeThcA HECTAOIABHICTD
penpe3eHTarii IPHIIMHHOCTI, IO BUHUKAE TOAL, KOAH BIAHOCHHI IIPHYNHHOCTI IIPOEKTYIOTHCA Y ITPOCTIp
MHOKHHHHUX KOTHITHBHHX PEIPE3CHTAIIN ITAMHY Yacy. TpaAuriiHO MaHIIyAATHBHI Teopii mpranHHOCTI
PO3TAfIAAFOTH BHITAAKH, KOAH BCl €AEMEHTU IIPHYMHHOIO AAHIIFOIA 3aAaHI B MEKAX 3BHYHOIO AIHIFTHOIO
IIAMHY dacy. Y MeKaX MaHIIyAATHBHOIO ITIAXOAY AO IPUYHUHHOCTI CTaTTA AOCAIAXKYE, SKOIO MIPOIO
KOTHITHBHA CHCTEMA AIOAMHH CIIPHYHMHAC BAPIATUBHICTP MCHTAABHUX PCIIPE3CHTALNN IPHYNHI, HACAIAKY
i IxHpOI 9acoBOI IOB’A3aHOCTL. Y POOOTI A2€ThCA BIAIIOBIAD HAa IIMTAHHA, 99X H AKAM YHHOM pisHI
pempeseHTarii Yacy BIANBAIOTh Ha 3AATHICTD AFOAMHI MOACAFOBATH IIPUYHHHO-HACAIAKOBI 3B 3KH. Came
B I[bOMY IIOASITA€ HOBH3HA 3AIIPOIIOHOBAHOIO IHAXOAY. AAfl IIbOTO aHAAIZYETHCHA 3AATHICTH AFOACBKOTO
PO3yMy ITIOPOAKYBATH MHOKUHHI perrpeseHTarii mauny dacy. O1ke, MH BUXOAUMO 32 MEXI TPAAHIIHHOTO
IPUIYIIECHHA [IPO E€AHHY MEHTAABHY PEIPE3CHTAINIO dYacy H 3aIpOBAAKYEMO IMIOHATTA MHOKIHHHUX
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penpesenraniii manHy gacy (Polunin, 2011, 2015, 2016, 2021). OckiAbKH KOXHa OKpeMa PEIpe3eHTALLs
YaCy XapaKTepPH3yEThCs ClIeHMIYHUME (PYHKIIOHAABHUMH BAACTUBOCTAMHE, BOHA IIO-CBOEMY BIIAUBAE Ha
MEHTAABHY PEIIPE3CHTAIIIO IOAlL, 110 BIAOyBa€ThCA B il ¥acOBOMY BHMIpI, 2 BIATAK — 1 Ha PEIIPE3CHTALIIIO
IPUYUHHAX BiAHOCHH. TOoMy MM OOIPYHTOBYEMO Te3y IIPO ICTOTHY BapiaTHBHICTD MEHTAABHOL
penpeseHTanii IPUYHHHOCTI B IPOCTOPI MHOKWHHHX KOTHITHBHUX pEIIPE3EHTAINN ITAMHY dwacy. Llro
BAPIATHBHICTP MO)KHA IIPOAEMOHCTPYBATH 0€3 OYAb-fKHX PEAABHHX 3MIH Y IIOAIAX, IIOB’f3aHUX
[IPUYMHHAM BIAHOIIEHHAM, INO AA€ 3MOIY OIIMCATH BHECOK AIOACBKOTO PO3yMy y popMmyBaHHSA
IPUYHUHHOCTL. 3AIIPOIOHOBAHME ITIAXIA BIAKPMBAE MOMKAHBICTD MOro emiipudHOi mepeBipkm. Bim aae
3MOIy OKPEMO MAaHIIYAIOBATH PEIPE3CHTALIAME NPUYHHE H HACAIAKY, 3abeslredyrodm rAnOIie
AOCAIAJKCHHS BHECKY AFOACBKOIO MECACHHA Y (DOPMYBAaHHA IIPHYMHHO-HACAIAKOBOTO 3B’f3ky. Lle
IIAKPECAIOE€ MEHTAABHY IIPHPOAY IIPHYHHHOCTI, 1i 3aACKHICTD BiA CYO’€KTHBHOIO CYAKEHHA I BKa3y€ Ha
MOKAHBI BIAXHAECHHS B OLIHII HAABHOCTI 200 BIACYTHOCTI IIPUYHHHOIO 3B A3KY.

KuaroqgoBI cAoBa: npuuunmicns, uac, Manin)AamusHi meopii npunumnocni, penpesermayin vacy, MHoNCUHNE
penpesermayii naury dacy.
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