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Abstract
People sometimes feel events to be psychologically closer while farther at other times.
Related to this, Caruso et al. (2013) reported the phenomenon of the Temporal Doppler Effect
(TDE) in which people perceive the past farther than the future despite an equivalent
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objective temporal distance. They explained the TDE from the perspective of spatialtemporal metaphor. Alternatively, we assume that there is something asymmetrical between
the past and the future, and this is related to the TDE. The asymmetry we focused on is the
number of past and future events. Past events have already been experienced, while future
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events can only be imagined. This difference may affect how we perceive the number of
events. In previous studies, the relationship between the number of changes (in our study, it is
the number of events) and time perception has been investigated in a phenomenon called
filled-duration illusion. It states that people tend to perceive durations with more changes
(events) as longer than those with fewer changes. Analogous to this illusion, we hypothesize
that in a long duration, such as a month or a year, the greater the number of events there are,
the longer the estimated psychological distance is. In this research, we aim to create a direct
replication of the TDE and provide our novel explanation for this phenomenon from the event
frequency perspective.
Keywords: Temporal Doppler Effect, event frequency, psychological distance, filledduration illusion
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Introduction
While preparing for a conference in the coming week, we estimate the duration left to
prepare for our presentation. Thinking about the tour last summer, we may perceive how long
ago it took place. Although the ability to perceive and estimate time is fundamental in our
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daily life (Buhusi & Meck, 2005), our estimates of time are often inaccurate and do not
correspond to objective time. For example, for second-level durations, Xuan, Zhang, He, and
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Chen (2007) reported that as the number of dots, stimulus size, luminance, and numbers
increased, duration was perceived as longer. In addition, various factors such as emotion
(Yamada & Kawabe, 2011), arousal (Schwarz, Winkler, & Sedlmeier, 2013), and temporal
frequency (Yuasa & Yotsumoto, 2015) have been reported to affect subjective time.
Temporal Doppler Effect
For longer durations, it has also been suggested that our estimates of time are not
always accurate. One example is The Temporal Doppler Effect (TDE). Caruso, Van Boven,
Chin, and Ward (2013) reported that people tend to feel that the past is farther than the future,
even when the objective temporal distance is the same. In their Study 1a, they asked
participants to imagine either 1 month ago or 1 month later from that day, and asked the
participants to report the target day’s psychological distance. In Study 1b, they changed the
duration from 1 month to 1 year. In Study 2, they used the reference of Valentine’s Day and
asked the participants to report the psychological distance from the fixed date. All the results
of these studies indicated that the past feels farther than the future.
It has been suggested that our representations of time (e.g., past and future) may be
based on metaphors of space and its movement. Generally, describing time requires spatial
analogies and metaphors (Matlock, Ramscar, & Boroditsky, 2005). It is noted that temporal
cognition relies heavily on spatial concepts as well (Casasanto & Boroditsky, 2008). While
describing the duration of time, we use words like “long” or “far away,” which are also used
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to describe a physical distance. Additionally, it has been argued that temporal and spatial
movement may be closely related to our behavior and temporal cognition. Miles, Nind, and
Macrae (2010) reported that while thinking about the future, our body tends to lean forward,
whereas while thinking about the past, it tends to lean back. It is also suggested that our
thoughts about the future or past increase when observing vection stimuli that prompt the
sensation of moving forward or backward, respectively (Miles, Karpinska, Lumsden, &
Macrae, 2010). These studies indicate that spatial movement (especially forward and
backward movement) is associated with our behavior and temporal cognition.
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Based on these studies, Caruso et al. (2013) conducted Study 3 to provide evidence
that TDE is caused by spatio-temporal metaphor-based movement in space. Study 3
examined whether virtual motion can moderate temporal asymmetries in the psychological
distance. If TDE is caused by spatial movement based on spatio-temporal metaphors, virtual
movement should influence the psychological distance. The results indicated that when the
participants perceived moving forward, the past felt more distant than the future. In contrast,
when they perceived moving backward, the future felt farther than the past. However, there
was no significant difference. Due to this result, Caruso et al. (2013) proposed that the
temporal asymmetry of psychological distance is formed by the perception that people are
moving toward the future and moving away from the past. In other words, they proposed that
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approaching (i.e., future) events are felt to be psychologically closer while moving away (i.e.,
past) events are felt to be farther, even though the objective temporal distance is the same. In
analogy to the well-known physical phenomenon of the Doppler Effect, Caruso et al. (2013)
named this phenomenon the Temporal Doppler Effect. Aksentijevic and Treider (2016) also
examined the TDE from the spatial movement perspective. They used not only imagined
motion but also real motion. To avoid the existence of the anchoring effect, they introduced a
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control group and compared the real motion with imagined motion and the ego moving with
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the time moving. Their results indicated that the TDE was only observed when participants
move backward, regardless of past or future conditions.
The abovementioned explanations are from the perspective of spatial movement.
However, several studies have attempted to explain the TDE from perspectives other than
spatial movements, such as personality (Gan, Miao, Zheng, & Liu, 2017), simulational
fluency (Mrkva, Travers, & Van Boven, 2018) and development (McCormack, Burns,
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O’Connor, Jaroslawska, & Caruso, 2019). The present study aims to test an explanation of
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Filled-duration illusion
The filled-duration illusion (FDI) occurs when people perceive a filled duration to be
longer than an empty duration, even though both durations are objectively the same (Thomas
& Brown, 1974; Wearden, Norton, Martin, & Montford-Bebb, 2007). Previous studies used
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intervening discrete elements (e.g., click sound, flash) as stimuli to fill the duration (Buffardi,
1971; Thomas & Brown, 1974). Some studies also used tasks, such as mental arithmetic, as
the content of the filled duration (Burnside, 1971; Hicks, Miller, & Kinsbourne, 1976).
FDI has been mainly investigated for very short durations, such as milliseconds and
seconds (e.g., Hasuo, Nakajima, Tomimatsu, Grondin, & Ueda, 2014; Wearden et al., 2007).
The existence of FDI-like phenomenon when changing the duration to hours, days, months or
longer, is questionable. Analogous to the stimuli and tasks used in research of short durations,
for longer durations, we assume that a duration’s fullness is related to the number of events.
This means that the degree of fulfillment in past durations (i.e. event frequency) depends on
the number of events people have experienced, while the degree of fulfillment in future
durations depends on the number of scheduled events. In addition, the past has already
occurred, therefore all experienced events contribute to the degree of fulfillment of a
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duration. On the other hand, since the future has not occurred, only scheduled events
contribute to the degree of fulfillment of a duration. Therefore, we assume that there is an
asymmetry of the number of events between past and future. Thus, there would be more
events in the past than the future, and the FDI-like effect would make us feel that a past
duration is longer than a future duration, although both temporal distances are objectively
equivalent.
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Aims of the present study
Findings that support our hypothesis have considered the estimation of the date of
past events and how distant the events feel psychologically. We tend to estimate the date of
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an event in the past to be more recent or older than the actual date. This tendency is called
telescoping (e.g., Janssen, Chessa, & Murre, 2006; Thompson, Skowronski, & Lee, 1988).
Thompson et al. (1988) proposed that when we are unsure about the date of a specific event,
we may use the number of events between the specific event and the present as a cue for date
estimation. As a consequence, when the number of events that occurred between the present
and the date to be evaluated is greater, the date is estimated to be older, and vice versa.
Besides telescoping, Zauberman, Levav, Diehl, and Bhargave (2010) reported that the more
event occurrences we can recollect between the present and the past, the more distant the
events feel. These studies suggest that the number of intervening events is important in
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estimating the date of past events and the psychological distance from them. However,
whether psychological distance about the future can be explained by the number of events has
not been examined.
The present study aims to replicate the TDE and test the overarching hypothesis that it
arises from event frequency instead of spatial movement. We will replicate the TDE directly
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by a registered report. To prevent the publication bias of replication research, we choose to
do it as a registered report because pre-registration is not enough to prevent such bias (Ikeda,
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Xu, Fuji, Zhu, & Yamada, 2019). This will contribute to the robustness and transparency of
the TDE research.
We plan to test two sets of hypotheses. First, we hypothesize that people will feel the
past to be farther than the future although both durations are the same length, as in the
previous original study (H1). In other words, we predict that Caruso et al.’s (2013) Study 1a
and 1b will replicate successfully. Second, we expect people will have a greater number of
events in the past than future (H2-1), because all the past events have been experienced,
while only the scheduled events can be considered in the future. Furthermore, in analogy to
FDI, in a relatively long time such as 1 month or 1 year, we hypothesize that the
psychological distance will be farther when there are more events (H2-2). There will be a
positive correlation between the number of events and psychological distance. If H2-1 and
H2-2 are supported, we can provide a novel explanation of TDE from the perspective of
event frequency. In other words, when people have more events in the past than the future,
then people feel the past is farther than the future.
Study 1
Method
Key independent and dependent variable(s).
Independent variables.
Temporal direction (past, future). There are two temporal directions in our study:
past and future. Similar to Caruso et al.’s (2013) study, temporal direction is a betweensubject factor.
Event frequency. Event frequency is defined as the number of events that people have
already experienced or will experience during a specific duration. We will use a Likert scale
from 1 (not filled at all) to 10 (all filled up), and participants will report how many errands
and events they have already experienced or will experience in 1 month (1 year in Study 2).
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Dependent variable.
Psychological distance. Psychological distance refers to the distance people feel from
the past or the future. In our studies, psychological distance will be measured using a Likert
scale from 1 (a really short time from now) to 10 (a really long time from now). Participants
will be asked to evaluate the psychological distance of exactly 1 month (1 year in Study 2)
ago/later.
Participants.
Sample size and power analysis. Based on the power analysis elaborated below, 772
participants will be recruited for Study 1, which includes replication of Study 1a by Caruso et
al. (2013). In their study, the effect size was calculated as Cohen’s d = 0.52 and the sample
size was 95. Nevertheless, a small sample size might overestimate the effect size.
Furthermore, in accordance with previous replication studies (Guo et al., 2020; Nitta, Tomita,
Zhang, Zhou, & Yamada, 2018; Yonemitsu et al., 2020), we halved the effect size of Caruso
et al.’s (2013) Study 1a and used Cohen’s d = 0.26 to calculate the sample size required for
our study. We conducted a power analysis at Cohen’s d = 0.26, α = .05, 1−β = .95 using
G*Power 3.1 (Faul, Erdfelder, Lang, & Buchner, 2007) and pwr package 1.3-0 (Chamely,
2020) on R 4.0.5 (R Core Team, 2021). The power analysis result indicated that 386
participants per group (772 participants in total) were required to obtain a power of .95.
Recruitment and screening. All participants will be recruited online via Yahoo!
Crowdsourcing Service.
Inclusion criteria include:
●

Individuals between 18 to 99 years of age.

●

Residents of Japan; as means of payment are only available in Japan.

Exclusion criteria include:
●

Individuals under 18 or over 99 years of age.
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Taking the exclusion criteria into consideration, we intend to recruit up to 1000
participants to avoid the risk of insufficient sample size.
Procedure.
Participants will read instructions and give their informed consent before participating

Commented [CC20]: Rather than stating an intended
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in the study. They will also be informed that they can withdraw their participation at any
time. We will not collect any personal information except for gender and age. The collected
data will be strictly protected. Once the informed consent is obtained, participants will fill the
questionnaire.
Our studies will strictly follow the procedures used in Caruso et al.’s (2013) study,
except for using crowdsourcing to recruit participants, and presenting the instructions and
questionnaire in Japanese. Data will be collected using Google Forms.
After reading the instructions and giving their informed consent, participants will be
instructed to report their gender and age. Then, participants will be requested to think back to
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precisely 1 month ago from the day of the study (past condition) or to think ahead to
precisely 1 month from the day of the study (future condition) and report the target day’s
psychological distance, using a Likert scale from 1 (⼤変短い時間である: a really short
time from now) to 10 (⼤変⻑い時間である: a really long time from now). Next,
participants will report how much the past month (past condition) was filled with errands and
events or how much the coming month (future condition) will be filled with errands and
events using a similar scale from 1 (全く埋まっていなかった: not filled at all) to 10 (すべ
て埋まっている: all filled up).
Data analysis.
A two-sample t-test (past vs. future) will be conducted to compare the estimated
psychological distance in the past condition and the future condition. Since this study
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includes a replication for the TDE, we will analyze the data in the same way as Caruso et al.
(2013). Subsequently, we will compare whether the event frequency differs in the past
condition and the future condition based on a two-sample t-test. In addition, we will also
conduct a correlation analysis between psychological distance and event frequency using
Spearman’s rank correlation coefficient. The criteria for confirming our hypothesis are as
follows. For H1, we predict that psychological distance scores in the past condition will be
significantly larger than in the future condition. Significant difference between the past
condition and the future condition (α = .05) indicates the acceptance of H1 as well as the
success for the replication of Caruso et al.’s (2013) studies 1a and 1b. For H2-1, we predict
that the event frequency scores in the past condition will be significantly larger than in the
future condition. Significant difference between the past condition and the future condition (α
= .05) indicates the acceptance of H2-1. For H2-2, we predict that event frequency is related
to psychological distance. A correlation analysis between event frequency and psychological
distance will be performed and a significant positive correlation indicates the acceptance of
H2-2.
Study 2
Method
Key independent and dependent variable(s).
The key independent and dependent variables are the same as those in Study 1.
Participants.
In Study 2, similar to Caruso et al.’s (2013) Study 1b, we only change the duration
from 1 month to 1 year. The effect size in Caruso et al.’s Study 1b was calculated as Cohen’s
d = 0.45, and is larger than the effect size we used in our power analysis of Study 1 (Cohen’s
d = 0.26). Hence, we will also recruit the same number of participants in Study 2; that is, 772
participants will be recruited for Study 2 in the same way as in Study 1. We will also recruit
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up to 1000 participants for the same reason as in Study 1. However, the participants will be
limited to those who have not participated in Study 1.
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Procedure.
Study 2 will be conducted in the same way as Study 1, except for the change in the
duration from 1 month to 1 year.
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Data analysis.
Study 2 will conduct the same analysis and definitions for acceptance of our
hypotheses as in Study 1, except for the change in the duration from 1 month to 1 year.
Ethics
The ethics committee of Kyushu University approved this protocol (number: 2021007). All participants will read instructions before participating in the study, with the
understanding that they can withdraw their participation at any time and that we will protect
participants’ personal information. This study is conducted according to the principles
expressed in the Declaration of Helsinki.
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Question

Hypothesis

Sampling plan

Analysis Plan

Q1: Which is
psychologically
closer, future or
past?

H1: People feel the
past to be farther
than the future as in
the previous original
study. (The same as
Caruso et al.’s
(2013) results).

772 participants
(based on a power
analysis) will be
recruited in Study
1.
Another 772
participants will be
recruited in Study
2.

Similar to Caruso
et al.’s (2013)
Study 1a and 1b,
we will use a twosample t-test to
compare the
estimated
psychological
distance in the past
condition and
future condition.

Q2-1: Which has
more events,
future or past?

H2-1: People have a
greater number of
events in the past
than in the future.

We will use a twosample t-test to
compare whether
the event
frequency differs
in the past

Rationale for
deciding the
sensitivity of the
test for
confirming or
disconfirming the
hypothesis
Significant
difference between
the past condition
and the future
condition (α = .05)
indicates the
acceptance of H1
and the replication
success of Caruso
et al. ’s (2013)
Study 1a (when
duration is 1
month) or 1b
(when the duration
is 1 year).
Significant
difference between
the past condition
and the future
condition (α = .05)
indicates the

Interpretation
given different
outcomes

Theory tha
could be sh
wrong by t
outcomes

If H1 is not
supported, there
may be two reasons
for it.
First, the results of
psychological
distance may be
affected by the
recruitment method
of participants (i.e.,
crowdsourcing).
Second, there is a
possibility that the
TDE does not exist
or only exists under
very limited
conditions.
If H2-1 and H2-2
are not supported, it
suggests that the
event frequency is
not an appropriate
explanation for the

Q1 and H1
aimed to rep
Caruso et al
(2013) stud
directly.
Therefore, n
theory coul
proved wro
the outcome

We are not
at contradic
Caruso et al
(2013)
explanation
aim is to pr
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condition and the
future condition.

Q2-2: Do the
number of events
affect the
psychological
distance in the
future condition
and the past
condition?

H2-2: When there
are more events, the
psychological
distance is farther.

acceptance of H21.

TDE. If H2-2 is
supported but H2-1
is not supported, we
cannot explain TDE
by event frequency.
However, there
might be some
We will conduct a Significant positive distortion of time
correlation analysis correlation
estimation, which is
between
between
based on the FDIpsychological
psychological
like effect.
distance and event distance and event
frequency using
frequency indicates
Spearman’s rank
the acceptance of
correlation
H2-2.
coefficient.
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another
explanation for it,
regardless of
spatial-temporal
metaphor.
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In relation to my previous comment, if the temporal direction is a between-subjects factor, then you wouldnʼt
be able to test the more severe hypothesis I suggested based on the relative difference in event frequency
between past and future, because you would only have measures of one or the other in each participant.
It may be worth considering a within-subjects design in which the order of future and past is
counterbalanced. You could keep the design as it is now but just add an additional condition for each
participant (so if they did future first then they do past second; if they did past first they do future
second). That way you could use the data from the first session in the planned between-subjects analysis
to provide a close replication of Caruso 2013, while also having data from future and past sessions within
each participant available to be able to measure the difference, and hence the severe hypothesis that the
difference in event frequency between future and past predicts the polarity and magnitude of the
individualʼs TDE.

