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[bookmark: _heading=h.gjdgxs]Abstract
[bookmark: _Hlk112163868]Caruso et al. (2013) reported the Temporal Doppler Effect (TDE), in which people feel that the past is farther than the future. In this study, we made two high-power (N = 2244 in total), direct replication studies of Caruso et al., and additionally examined whether illusory temporal expansion, depending on the degree of fulfillment in durations, is related to the TDE. We predicted that the past would be felt farther than the future because the filling rate of duration of the past should be higher than that of the future. The results showed that psychological distance was significantly closer in the past than in the future and was inconsistently correlated with the filling rate of duration or the number and length of events and errands. Further, in some cases, the correlations were significant in the opposite direction of the predictions. Overall, our results did not replicate the previous findings but were reversed, and the filling rate of duration failed to explain the psychological distance. Based on these findings, we highlight the aspects that need to be clarified in future TDE studies. Preregistered Stage 1 protocol: https://osf.io/d9ec3/ (date of in-principle acceptance: 19/04/2022)
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1. Introduction
Our estimation of time is often inaccurate and does not correspond to objective time although the ability to perceive and estimate time is fundamental to daily life (Buhusi & Meck, 2005). For example, on the millisecond timescale, durations were perceived to be longer as the number of dots, stimulus size, luminance, and numbers increased (Xuan, Zhang, He, and Chen, 2007). In addition, various factors such as emotion (Droit-Volet & Meck, 2007; Yamada & Kawabe, 2011), arousal (Schwarz, Winkler, & Sedlmeier, 2013), and temporal frequency (Yuasa & Yotsumoto, 2015) have been reported to affect subjective time.
Even for longer durations, various factors affect the estimation of time, and our subjective time estimation sometimes does not match the physical time. For example, negative events are felt more distant than positive events, such as social success or proud events (Ross & Wilson, 2002). Without deadlines, events that require more effort to achieve are felt more distant in time than those that need less effort (Jiga-Boy, Clark, & Semin, 2010).

1.1. Temporal Doppler Effect
 Our estimation of time is not limited to past events. It has also been reported that in temporal estimation of the past and future, our subjective time estimation and physical time are not equivalent. An 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 Study 1a, they asked participants to either think back 1 month or ahead 1 month, and then report the target day’s psychological distance. In Study 1b, they changed the duration from 1 month to 1 year. In Study 2, they asked participants to report the psychological distance from Valentine’s Day. The results of these studies indicated that the past feels farther than the future.
It has been suggested that the mental representations of time (e.g., past, and future) may be based on metaphors for space and movement in time. Generally, describing time requires spatial analogies and metaphors (Matlock, Ramscar, & Boroditsky, 2005). Temporal cognition relies heavily on spatial concepts as well (Casasanto & Boroditsky, 2008). In fact, while describing a temporal duration, we use words such as “long” or “far away,” which can also describe a physical distance. Additionally, it has been argued that temporal and spatial movement (especially forward and backward) may be closely related to our behavior and temporal cognition. Miles, Nind, and Macrae (2010) reported that our body tends to lean forward while thinking about the future, and backward while thinking about the past. Another finding suggests 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).
Based on these studies, Caruso et al. (2013) conducted a third study to prove that the TDE is caused by movement based on spatio-temporal metaphor. Study 3 examined whether participants felt the future was closer than the past because the future approaches, and the past recedes from the present. They used virtual motion to manipulate the direction of participants’ physical movement, which affected their orientation to the past and the future. They predicted that people’s movement would moderate the asymmetry in psychological distance. The results indicated that when the participants perceived moving forward, the past felt more distant than the future. In contrast, the future felt farther than the past when they perceived moving backward, although the effect was not significant. Further, the psychological distance of the future when moving forward was not significantly different from that of the past when moving backward. Similarly, there was no significant difference in the psychological distance of the future when moving backward and the past when moving forward. Consequently, 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; approaching (i.e., future) events are felt psychologically closer while retreating (i.e., past) events are felt farther, despite having the same objective temporal distance. Caruso et al. (2013) named TDE as an analogy of the well-known physical phenomenon of the Doppler Effect. The importance of spatial movement was also examined in a later study (Aksentijevic & Treider, 2016).
However, several studies have attempted to explain the TDE from perspectives other than spatial movement. Gan, Miao, Zheng, and Liu (2017) examined the effects of personal traits and environmental factors on the TDE. They found that higher personality traits of future orientation contribute to stronger TDE. In addition, the TDE was based on interactions between positive emotions and the personality trait of future orientation. Moreover, the TDE may be useful for adaptation to future challenges. From the developmental perspective, McCormack, Burns, O’Connor, Jaroslawska, and Caruso (2019) found that only adults tend to be future-oriented in the mind-wandering task, whereas participants in all groups were much more likely to describe past events in the cue word task. They hold the opinion that the asymmetry between the past and future arises from future-oriented bias and developmental changes that may be task-specific. Mrkva, Travers, and Van Boven (2018) claimed that simulational fluency may be the basis of psychological distance from events. When an event can be simulated fluently (i.e., easier to imagine), the psychological distance from that event tends to be short. This study aimed to test an explanation of this phenomenon that arises from a different perspective of the asymmetry between past and future: the filling rate of duration.

1.2. Filled-duration illusion
The filled-duration illusion (FDI) is a phenomenon in which 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 intervening discrete elements (e.g., a click sound, or flash) as stimuli to fill the duration (Buffardi, 1971; Thomas & Brown, 1974). Some studies used additional tasks, such as mental arithmetic, as the content of the filled duration (Burnside, 1971; Hicks, Miller, & Kinsbourne, 1976).
The FDI has mainly been investigated for very short durations concerning the number of events during the interval, such as milliseconds (e.g., Hasuo, Nakajima, Tomimatsu, Grondin, & Ueda, 2014; Wearden et al., 2007). From another perspective regarding the length of events during the interval, which is also related to time perception, Liverence and Scholl (2012) found that the way in which a continuous event is segmented into discrete units greatly influences duration judgments. However, do these phenomena still exist when the duration is changed to hours, days, months, or longer? Analogous to the stimuli and tasks used in research for short durations, we assumed that for longer durations, the extent of events filling the duration, which we refer to as “the filling rate of duration” in this study, will also influence the psychological distance. The filling rate of duration is a function of not only the number of events but also the length of each event in the past and future. When considering this aspect, there is a qualitative difference between the past and the future, respective of whether they have already been experienced. The past comprises not only expected events but also unexpected events (e.g., a sudden invitation to dinner from a friend). All past events contribute to its filling rate of duration, whereas only scheduled and expected events contribute to the future duration. Therefore, it is assumed that the number of events and the length of each event affecting the filling rate of duration are higher in the past. In summary, we assumed that the filling rate of duration would be higher in the past than in the future. Hence, the past duration is longer than the future duration, although both temporal distances are objectively equivalent.
Contrastingly, Caruso et al. (2013) conducted a study to demonstrate that the TDE is independent of “filling of the time.” To examine whether the “filled in” (i.e. intervening events) could increase the psychological distance in the future, some participants were asked to list multiple plans they would complete, while other participants were not. The results suggested that listing such plans reduced the psychological distance between the present and the future.
However, the filling rate of duration we focus on is different from the “filled in” used by Caruso et al. (2013). They manipulated the extent of how much the interval is “filled in” by listing events. The filling rate of duration in our study is not only the number of intervening events in the duration, but also the length of each event (see Supplementary Information). Moreover, there must be events that we have actually experienced in the past (and will experience in the future), even if they are not listed. What we focus on in our study is each event that we have experienced or will experience in the future, and its length.

1.3. Aims of the present study
Findings that support our hypothesis (i.e., higher the filling rate of duration makes the duration feel longer) have been studied in areas, such as the estimation of the date of past events and how psychologically distant the events feel. We tend to estimate the date of 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 that specific event and the present as a cue for date estimation. When the number of events that occurred in this duration was greater, the date was estimated to be older, and vice versa. Additionally, 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 related to estimating the date of past events and the psychological distance from them. However, it has not been examined whether psychological distance between both the past, and future can be explained by the filling rate of duration.
The present study aimed to replicate the TDE and test the overarching hypothesis that it arises from the filling rate of duration. We replicated TDE directly using a registered report. To prevent the publication bias of replication research, we chose to do it as a registered report as (non-reviewed) pre-registration is insufficient to prevent such biases (Ikeda, Xu, Fuji, Zhu, & Yamada, 2019). It will contribute to the robustness and transparency of TDE research.
For the time conditions, we used 1 month and 1 year, based on the original study (Caruso et al., 2013). The TDE has previously been replicated in a variety of time conditions. For example, Gan, Miao, Zheng, and Liu (2017) conducted experiments with six durations (1 week, 2 weeks, 1 month, 3 months, 6 months, and 12 months), and the results showed that the TDE was observed under all these conditions. However, our study followed the time conditions of the original study, since we do not investigate the effect of time scale.
We planned to test the following hypotheses. First, we hypothesized that people will feel the past is farther than the future, despite an equivalent objective temporal distance, as in the original study (H1). Second, we expected that people will have a higher filling rate of duration for the past than the future (H2-1), because all past events have been experienced, while only scheduled events can be considered for the future. Furthermore, in analogy to the FDI, we hypothesized that the psychological distance will be farther when the filling rate of duration is higher for a relatively long time, such as 1 month or 1 year (H2-2). If H2-1 and H2-2 are supported, we can provide a novel explanation of the TDE from the perspective of the filling rate of duration. If the TDE is successfully replicated while the filling rate of duration in the past is not higher than that in the future, the filling rate of duration cannot explain the TDE or the scale we used is not valid enough for measuring the filling rate of duration. On the contrary, if the TDE is not replicated but H2-2 (the psychological distance will be farther when the duration is fuller) is supported, only the psychological distance between the past and the future can be explained by the filling rate of duration.

2. Study 1
2.1. Method
2.1.1. Key independent and dependent variable(s).
2.1.1.1. Independent variables.
Temporal direction (past, future). There were two temporal directions in our study: the past, and the future. In our study, the temporal direction followed a between-subject design to replicate Caruso et al.’ (2013) study directly (H1), and a within-subject design to verify our novel explanation (H2-1 and H2-2). In the within-subject design, the temporal direction was counterbalanced.
Filling rate of duration. The filling rate of duration is defined as the perceived fullness of events, relating to the number of events and the length of each event, that people have already experienced, or will experience, during a specific duration. To avoid the possibility that participants do not take both the length and number into consideration when measuring the filling rate of duration, we divided participants into two equal-sized groups and used two different scales for the filling rate of duration, respectively. One scale asked participants about the filling rate of duration, how much they were filled with or will be filled with errands and events in 1 month (1 year in Study 2), using a Likert scale from 1 (not filled at all) to 10 (all filled up). The other one asked participants from the remaining half to report the number and length of errands and events, respectively, that they have already experienced or will experience using similar measurements (see Supplementary Information). The filling rate of duration was the within-subject factor.
2.1.1.2. Dependent variable.
Psychological distance. Psychological distance refers to the distance people feel from the past or the future (Trope & Liberman, 2010; Van Boven & Caruso, 2015). In our studies, psychological distance was measured using a Likert scale from 1 (a really short time from now) to 10 (a really long time from now), using the same methodology as Caruso et al.’s (2013) Study 1a. The participants were asked to evaluate the psychological distance of exactly 1 month, and 1 year ago/later in Studies 1, and 2, respectively.

2.1.2. Participants.
2.1.2.1. Sample size and power analysis. 
As we used different analysis designs for each hypothesis, we conducted the power analysis and a priori sensitivity power analysis separately and recruited the maximum number of participants. Based on the power analysis elaborated below, 936 participants were recruited for Study 1, which includes the 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, the 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[footnoteRef:2] to calculate the sample size required for our study. As Cashen and Geiger (2004) suggested the use of a power of .95 to reduce the possibility of Type II error, we conducted a power analysis for H1, at Cohen’s d = 0.26, α = .02, 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 468 participants per group (936 participants in total) were required to obtain a power of .95. For testing H2-1 and H2-2, as we divided participants into two equal groups to use two different scales, we conducted an a priori sensitivity power analysis on half the sample size (468 participants), reporting that dz = 0.18 for H2-1 and critical r = .11 for H2-2, which are much smaller than dz = 0.4 (r = .2), as advocated by Brysbaert (2019). Considering the results above, we recruited 936 participants to meet the requirement for H1. [2: Values were rounded to the nearest whole number in most cases. However, to use a conservative criterion, values were rounded down for the former and rounded up for the latter in the power analysis and the a priori sensitivity power analysis.] 

Recruitment and screening. All the participants were recruited online via Yahoo! Crowdsourcing Service. All the questions need to be filled for the participants to submit the answer.
Inclusion criteria include:
· Individuals between 18 to 99 years of age.
· Residents of Japan; as means of payment were only available in Japan.
Exclusion criteria include:
· Individuals under 18 or over 99 years of age.
· Individuals who failed the attention check.
Data collection had continued until the minimum sample size (936 participants) indicated by the power analysis has been met, considering the above criteria. We used the data from the 1st timestamp to the 936th for further analysis.

2.1.3. Procedure.
The participants read instructions and gave their informed consent before taking part in the study. They were also informed that they can withdraw their participation at any time. We did not collect any personal information, except for gender and age. The collected data are strictly protected.
Our studies strictly followed the procedures used in Caruso et al.’s (2013) study, except for using crowdsourcing to recruit participants and presenting the instructions and the questionnaire in Japanese. Data were collected using Google Forms. Details of the instructions and translations are provided in the Supplementary Information.
[bookmark: _Hlk115811780]After reading the instructions and giving their informed consent, the participants were instructed to report their gender and age. Then, participants were requested to think back to exactly 1 month ago (past condition), or exactly 1 month later (future condition), from the day of this study and report the target day’s psychological distance. Answers were recorded using a Likert scale from 1 (非常に短い時間である: a really short time from now) to 10 (非常に長い時間である: a really long time from now). Next, regarding the filling rate of duration, half of the participants reported 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 Likert scale from 1 (まったく埋まっていなかった: not filled at all) to 10 (すべて埋まっていた: all filled up). For the query, we used two Japanese words, “用事” and “出来事” (see Supplementary Information). The first word is similar to the English word “errands,” and includes a nuance of important aspects, such as meetings, rather than everyday routines, such as bathing. The second word is similar to “events,” and it often refers to something that happens accidentally. The rest of the participants were asked to estimate the number of errands and events that happened during the last month (past condition) or will happen in the coming month (future condition) using a Likert scale from 1 (非常に少ない: an extremely small number) to 10 (非常に多い: an extremely large number). Moreover, they were asked to estimate the average length of all the errands and events during the last month (past condition) or will be in the coming month (future condition) from 1 (非常に短い時間である: a really short time) to 10 (非常に長い時間である: a really long time). The order of these two questions in terms of the number and length of intervening events was random. 
After this, the participants were requested to think in the opposite condition (i.e., future, or past) and report the psychological distance and filling rate of duration in order. To exclude invalid responses, they completed an attention check test at the end by answering “Which year of Reiwa is it now (2022) ?”. Reiwa is the current regnal era name of Japan, and the year 2022 AD is Reiwa 4. Japanese people are familiar with this era name; hence, we can use the same scale from 1 to 10 in the attention check. The order in which participants were asked about the past and future was counterbalanced between participants, and at which scale the participants were measured on the filling rate was random.

2.1.4. Data analysis.
A two-sample t-test (past vs. future) was conducted to compare the estimated psychological distance in the past and future conditions (H1). Since this study includes a replication of the TDE, we analyzed the data in the same way as Caruso et al. (2013). Subsequently, we compared whether the filling rate of duration differs in the past and future conditions based on a paired t-test (H2-1). In addition, we also conducted a correlation analysis between psychological distance and the filling rate of duration using Spearman’s rank correlation coefficient (H2-2). In this correlation analysis, we did not distinguish between the future and the past in terms of psychological distance, and analyzed both conditions simultaneously.
The criteria for confirming our hypotheses were as follows: For H1, we predicted that psychological distance scores in the past condition will be significantly larger than in the future condition (α = .02). This result would indicate the acceptance of H1 as well as the success of the replication of Caruso et al.’s (2013) Studies 1a and 1b. For H2-1, we predicted that the filling rate of duration scores in the past condition will be significantly higher than in the future condition (α = .02). This result would indicate the acceptance of H2-1. For H2-2, we predicted that the filling rate of duration is related to psychological distance. A correlation analysis between the filling rate of duration and psychological distance was performed, and a significant positive correlation would indicate the acceptance of H2-2.

3. Study 2
3.1. Method
3.1.1. Key independent and dependent variable(s).
The key independent and dependent variables were the same as those in Study 1.

3.1.2. Participants.
In Study 2, similar to Caruso et al.’s (2013) Study 1b, we only changed 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. Hence, we conducted a power analysis in the same way as in Study 1 at Cohen’s d = 0.22, α = .02, 1−β = .95, and recruited 1308 participants in accordance with the results of the power analysis for H1. Consistent with Study 1, we also conducted an a priori sensitivity power analysis on half of the sample size (645 participants), reporting that dz = 0.16 for H2-1 and critical r = .09 for H2-2, which are much smaller than dz = 0.4 (r = .2), advocated by Brysbaert (2019). We recruited 1308 participants to meet the requirement for H1. The participants were limited to those who have not participated in Study 1 by using the blacklist function offered by Yahoo! Crowdsourcing Service.
The inclusion and exclusion criteria were the same as that in Study 1.

3.1.3. Procedure.
Study 2 was conducted in the same way as Study 1, except for the change in the duration from 1 month to 1 year.

3.1.4. Data analysis.
Study 2 conducted 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.

4. Ethics
The ethics committee of Kyushu University approved this protocol (number: 2021-007). All the participants will read the instructions before participating in the study, which states that they can withdraw their participation at any time and that we will protect their personal information. This study is being conducted according to the principles expressed in the Declaration of Helsinki.

5. Results and discussion
These and the subsequent parts were created in Stage 2. Since the Stage 1 parts of the manuscript were accepted in principle, no additions or modifications were made to it, except the following: In the text in Stage 1, we used “large” and “great” as adverbs to express the degree of rate, but this was inappropriate as an English expression, so we have retroactively corrected this to “high.” In addition, tense was adjusted as necessary. These changes do not affect any of our hypotheses, predictions, interpretation of results, or logic of the present study.

5.1. Study 1
All analyses conducted corresponded to Stage 1 peer-reviewed pre-registration (https://osf.io/gurxv). We used psychological distance, the filling rate of duration, and the number and length of errands and events as dependent variables. Per the exclusion criteria and stopping rule, 150 participants were excluded from the analyses, and 936 participants (M = 47.68, SD = 11.11, 322 female, 15 other/non-respondent) were analyzed. To avoid the influence of task order, the participants were randomly assigned to one of the four task-order groups (Figure 1). A set (for past/future) of tasks asked participants to answer psychological distance first, followed by either the filling rate of duration, or number and length. Each participant was randomly assigned to answer either the past or future set first and then asked to answer the filling rate of duration, or number and length. Consequently, the number of participants in each group was 254 (A), 231 (B), 224 (C), and 227 (D).

[image: ]
Figure 1. Task-order groups. A, B, C, and D represent the four task sequences to which participants were randomly assigned, while 1, 2, 3, and 4 represent the order of each task.

We used R version 4.0.5 (R Core Team, 2021) for all statistical analyses. Effect size was calculated by effectsize package (Ben-Shachar, Lüdecke, & Makowski, 2020) version 0.6.0.1. We ran a correlation analysis using the rmcorr package (Bakdash & Marusich, 2017) version 0.4.6. All analyses were conducted at a significance level (α) of .02.
Welch’s two-sample t-test was conducted to compare the estimated psychological distance in past and future conditions (H1). As it was a replication of the TDE, to analyze the data as in Caruso et al. (2013), only the first response for each participant was used for analysis. In other words, we used only A1 and B1 as psychological distances for the past condition and C1 and D1 as psychological distances for the future condition (Figure 1). This means that past and future conditions were treated as between-participants variables for this analysis.
Subsequently, we compared whether the filling rate of duration and the number and length of errands and events differed in past and future conditions based on a paired t-test (H2-1). In this analysis, past and future conditions were treated as within-participant variables. The filling rate of duration in the past was calculated by combining the responses of A2 and C4, and the filling rate of duration in the future was combined with the responses of A4 and C2 (Figure 1). The number and length of errands and events were calculated in the same manner as the filling rate of duration.
Furthermore, we conducted a correlation analysis between psychological distance and the filling rate of duration, and the number and length of errands and events using Spearman’s rank correlation coefficient (H2-2). In this correlation analysis, we did not distinguish between the future and the past in terms of psychological distance and analyzed both conditions simultaneously. However, if the rank correlation coefficient is calculated with these data as independent, two measurements, one from the past and one from the future, and obtained from the same participant, the overall correlation may not be estimated correctly because of intra-individual correlation. Therefore, after ranking the data using R’s rank function, and using these data and the rmcorr package (Bakdash & Marusich, 2017), we calculated Spearman's rank correlation coefficients for repeated measures. Note that the ranking method used was the AVERAGE method in R.

[image: ]
Figure 2. The violin and box-and-whisker plots of the results in Study 1. The red dots show mean scores. (a) The psychological distance to the past and future. (b), (c), and (d) The past and future filling rate of duration, numbers, and lengths of errands and events, respectively. All of these were rated on a 10-point scale. Higher scores indicate more distant (in psychological distance), more filled (in filling rate), more numerous (in number), and longer (in length).

Figure 2 shows the results of Study 1. Welch’s two-sample t-test showed that the psychological distance in the future condition was significantly farther than in the past condition (t(920.18) = -4.57, p < .001, Cohen’s d = -0.30, 95% CI [-0.43, -0.17]). This result does not support H1, which hypothesized that the past is felt to be more distant than the future, even though the objective temporal distance is the same. That is, the results of Caruso et al.’s (2013) Study 1a failed to be replicated, but a reversal was observed.
Then, we conducted paired t-tests for the filling rate of duration, and the number and length of errands and events to compare the past and future conditions (H2-1). The result of the filling rate of duration showed that the past was significantly higher than the future (t(477) = 3.30, p = .001, Cohen's d = 0.15, 95% CI [0.06, 0.24]). There was no significant difference between the past and future with respect to either the number (t(457) = 1.51, p = .132, Cohen's d = 0.07, 95% CI [-0.02, 0.16]) or the length of errands and events (t(457) = -1.33, p = .183, Cohen's d = -0.06, 95% CI [-0.15, 0.03]). Thus, our hypothesis that the filling rate of duration is higher in the past than in the future was supported. It is suggested that the filling rate of duration is composed of both the number and length of errands and events, not just one of them.
We then examined whether there was a correlation between psychological distance and the other variables (the filling rate of duration, number, and length) using the ranked data (H2-2) with the rmcorr package (Bakdash & Marusich, 2017). Psychological distance was not significantly correlated with either the filling rate of duration (ρ = -.05, 95% CI [-.14, .04], p = .255) or the number of errands and events (ρ = -.07, 95% CI [.14, .32], p = .159). However, psychological distance showed a significant correlation with the length of errands and events (ρ = .23, 95% CI [-.16, .03], p < .001). Therefore, our hypothesis was not fully supported.

5.2. Study 2
All analyses conducted corresponded to Stage 1 peer-reviewed pre-registration, and the analysis procedure was the same as in Study 1. Per the exclusion criteria and stopping rule, 180 participants were excluded from the analysis, and 1308 participants (M = 47.94, SD = 11.75, 473 female, 16 other/non-respondent) were analyzed. None of the participants participated in Study 1. To avoid the effect of task order, participants were randomly assigned to four task-order groups, as in Study 1 (Figure 1). The number of participants in each group was 307 (A), 339 (B), 328 (C), and 334 (D).

[image: ]Figure 3. The violin and box-and-whisker plots of the results in Study 2. The red dots show mean scores. (a) The psychological distance to the past and future. (b), (c) and (d) The past and future filling rate of duration, numbers, and lengths of errands and events, respectively. All of these were rated on a 10-point scale. Higher scores indicate more distant (in psychological distance), more filled (in filling rate), more numerous (in number), and longer (in length).

Figure 3 shows the results of Study 2. The result of Welch’s two-sample t-test showed that psychological distance in the future condition was significantly farther than in the past condition, similar to Study 1 (t(1304) = -4.66, p < .001, Cohen’s d = -0.26, 95% CI [-0.37, -0.15]). H1, which hypothesized that the past is felt farther than the future, was not supported. This suggests that the present study failed to replicate the results of Caruso et al.’s (2013) Study 1b, but a reversal was observed.
We conducted paired t-tests for the filling rate of duration, and the number and length of errands and events to compare the past and future conditions (H2-1). The result of the filling rate of duration showed that the past was significantly higher than the future (t(634) = 6.15, p < .001, Cohen’s d = 0.24, 95% CI [0.17, 0.32]). The results of both the number (t(672) = -2.63, p < .001, Cohen’s d = -0.10, 95% CI [-0.18, -0.03]) and length (t(672) = -4.97, p < .001, Cohen’s d = -0.19, 95% CI [-0.27, -0.12]) showed that the future one was more numerous or longer than the past one. Thus, our hypothesis that the filling rate of duration is higher in the past than in the future is supported. However, the number and length of errands and events were numerous or longer in the future than in the past, which is contrary to the result of the filling rate of duration.
To examine whether there was a correlation between psychological distance and the other variables (the filling rate of duration, number, and length) using the ranked data (H2-2) with the rmcorr package (Bakdash & Marusich, 2017). A significant negative correlation between psychological distance and the filling rate of duration was observed (ρ = -.12, 95% CI [-.20, -.04], p = .002). Psychological distance showed significant positive correlations with the number of errands and events (ρ = .18, 95% CI [.11, .25], p < .001) and the length of errands and events (ρ = .36, 95% CI [.29, .43], p < .001). Thus, our hypothesis was not supported.

[bookmark: _heading=h.30j0zll]6. General Discussion
This is a registered report per the Caruso et al.’s (2013) Studies 1a and 1b, which aimed to examine differences in psychological distance underlying past and future conditions (TDE) and to investigate the relationship between psychological distance and the filling rate of duration inspired by FDI studies in time perception. In our Study 1, the results showed that the past felt closer than the future, which is the opposite of H1, and suggested a failure to replicate the Caruso et al.’s (2013) Study 1a. We also examined whether the TDE could be explained by the filling rate of duration. The results indicated that the filling rate of duration was higher in the past than in the future, as predicted. The correlation between psychological distance and the length of errands and events was significantly positive, however, no significant correlation between psychological distance and the filling rate of duration, the number of errands and events were observed. In other words, our hypothesis that the filling rate of duration was higher in the past than in the future and had an effect on the TDE was not supported as a whole.
Next, in our Study 2, in which the time scale was changed from 1 month to 1 year, the results also indicated that the past felt closer than the future. It showed an opposite direction from H1 and suggested that the Caruso et al.’s (2013) Study 1b was not replicated. We then examined whether the TDE could be explained by the filling rate of duration. In H2-1, the filling rate of duration was higher in the past than in the future. In H2-2, there was a significant negative correlation between psychological distance and the filling rate of duration. In other words, our hypothesis that the filling rate of duration was higher in the past than in the future and that this had an effect on the TDE was not supported as a whole.
One of the aims of this study was to contribute to the robustness and transparency of the TDE research using the Registered Reports system. Although approximately 1000 people participated in Studies 1 and 2 to increase statistical power of the test, the TDE was not replicated (rather, our results were the opposite of the original research).
Investigating what contributed to these discrepancies in the results between the studies would be beneficial in forming a better understanding of the TDE. Indeed, there are several differences in the research methodology between Caruso et al. (2013) and our study: (i) our experiment used crowdsourcing services rather than face-to-face methods; (ii) the instructions and questionnaires were written in Japanese, and only Japanese people participated in the experiment; and (iii) the experiment was conducted during the COVID-19 pandemic. In the following section, we discuss these differences and how they influence the replication of the TDE.
First, unlike the previous study, we used crowdsourcing to recruit participants. Previous studies show that even for demanding cognitive and perceptual experiments, web experiments do not reduce data quality (Germine et al., 2012). Therefore, it is unlikely that the crowdsourced web experiment, especially with the present less demanding task compared with perceptual experiments, caused any significant deterioration in measurement accuracy or failed to detect any true effects that should have existed. In addition, we excluded data from participants who did not respond properly to the ACQ to ensure the quality of our data. These points led us to consider that the difference in the experimental platform did not play a major role in the present failure to replicate Caruso et al. (2013).
Second, several linguistic and cultural differences exist. In Japanese, the past is sometimes expressed as “mae (前)” which means “before” as an expression of time, while it also means “front” referring to a spatial direction, and the future as “ato (後)” which means both “after” and “back.” This suggests that the spatio-temporal metaphors in Japanese and English may be reversed. This reversal in the spatio-temporal metaphors may have led to the different results on the TDE between the previous and present studies. It should be noted that even if the spatio-temporal metaphors are reversed between Japanese and English speakers, it does not affect the original explanation of the TDE that the future approaches the present and the past moves away from it. This is because the mechanism proposed by Caruso et al. (2013), as an analogy to the Doppler effect in physics, focuses on temporal distance, that is, whether the past or future approaches or moves away from the present on the temporal dimension. In their explanation, the movement on the psychological temporal dimension is critical, regardless of the spatial metaphor unique to Japanese. Therefore, the TDE mechanism proposed by Caruso et al. cannot explain our results from the Japanese sample. Nevertheless, cross-cultural comparative studies focusing more on this point are warranted since the contributions of language and culture to the TDE, or possibly the mental timeline (Starr & Srinivasan, 2021), are important for clarifying its cognitive mechanism and generalizability.
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In terms of conducting the experiment during the COVID-19 pandemic, the tendency to think about the past rather than the uncertain future may have strengthened, which may have led to an opposite result to that of Caruso et al. (2013). Previous findings showing that the tendency to think about the past, such as nostalgia, increases when psychological threat and loneliness are high, can suggest this possibility (Routledge et al., 2013; Wildschut et al., 2006, 2010). Indeed, the findings of this study that the filling rate of duration is higher in the past than in the future seem to be part of the tendency that the phenomenon of thinking more about the past rather than the uncertain future was strengthened during the COVID-19. However, since these results are not a direct indicator of the aforementioned time orientation, and this study was the first to report on the TDE during the pandemic, this influence cannot be concluded. It should be discussed from the integrated view of this study and subsequent studies that examine the TDE during the pandemic. It should also be noted that a comparison with previous studies examining the TDE before the pandemic is necessary in such cases.

Thus, more evidence is needed to determine whether the methodological and contextual differences between our study and Caruso et al. (2013) influence the TDE, as well as to understand the underlying mechanism. Moreover, the mechanism of the TDE needs to be discussed according to the differences mentioned above. This study attempts to explain the TDE based on the filling rate of duration. Although the filling rate of duration was higher in the past than in the future, as we predicted, the correlation with psychological distance was extremely weak in Study 1, and contrary to our prediction, a negative correlation was observed in Study 2. These results suggest that it is not appropriate to explain the TDE based on the filling rate of duration. However, this mechanism-oriented approach is crucial in itself, and rather than just examining whether the phenomenon is related to some factors, as in previous TDE studies, future TDE studies should focus more on the underlying cognitive mechanism. Importantly, this requires the TDE to be replicated robustly. Moreover, because there is a possibility that the TDE may not be replicated, as in our study, it is appropriate to conduct the study as a registered report to prevent publication bias.
In the present study, the TDE was not replicated as already known (although there are several possible influences) and the mechanism remains unclear. Given the sample size, the TDE does not appear to be a robust and culturally universal phenomenon, and there still seems to be room for reconsideration of this phenomenon and its mechanism.


	Question
	Hypothesis
	Sampling plan
	Analysis Plan
	Rationale for deciding the sensitivity of the test for confirming or disconfirming the hypothesis
	Interpretation given different outcomes
	Theory that could be shown wrong by the outcomes
	Results

	Q1: Which is psychologically closer, the future or the past?
	H1: People will feel the past as farther than the future as in the original study (Caruso et al., 2013).
	936 participants were recruited in Study 1.
Another 1308 participants were recruited in Study 2.
The number of participants is based on power analyses.
	Similar to Caruso et al.’s (2013) Study 1a and 1b, we used a two-sample t-test to compare the estimated psychological distance in the past and future conditions in a between-subject design.
	Power analysis conducted 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) indicates that this sample size will have 95% statistical power to detect an effect size of d = 0.26 (d = 0.22 in Study 2) of the comparison between past group and future group in Study 1 at a significance level of .02.
 
 
 
	In Study 1 (or 2), a significant difference between the past and the future condition (α = .02) indicates the acceptance of H1 in 1 month (or 1 year) condition, and the replication success of Caruso et al.’s (2013) Study 1a (or 1b). 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.
	Q1 and H1 aim to replicate Caruso et al.’s (2013) study directly. Therefore, no theory could be proved wrong by the outcomes.
 
	H1 was not supported and a reversal was observed.

	Q2-1: Which duration is fuller, the future or the past?
	H2-1: Duration will be fuller in the past than in the future.
	Using two different scales to measure the filling rate of duration (see Independent variables for details), participants were divided into two equal groups, with 468 participants in each group for Study 1 and 645 participants in each group for Study 2.
	We used a paired t-test to compare whether the filling rate of duration differs in the past and future conditions in a within- subject design.
	For H2-1 and H2-2, we also conducted an a priori sensitivity power analysis and found that the effect size is much smaller than dz = 0.4 (r = .2), which we were determined to use. Further, we also used the full sample size to test these hypotheses.
(see Sample size and power analysis section for further details)
 
 
	Significant difference between the past and the future condition (α = .02) indicates the acceptance of H2-1.
Significant positive correlation between psychological distance and the filling rate of duration indicates the acceptance of H2-2.
If H2-1 and H2-2 are not supported, it would suggest that the filling rate of duration is not an appropriate explanation for the TDE. If H2-2 is supported but H2-1 is not, we cannot explain TDE by the filling rate of duration. However, there might be some distortion in time estimation, which is based on the FDI-like effect, or the scale we use might not be valid enough for the filling rate of duration.
	We are not aiming to contradict Caruso et al.’s (2013) explanations. Our aim is to provide another explanation for it, regardless of spatial-temporal metaphor.
	H2-1 was supported (the filling rate of duration was significantly higher in the past than in the future).

	Q2-2: Does the filling rate of duration affect the psychological distance in the future and past conditions?
	H2-2: When the duration is fuller, the psychological distance will be farther.
	 
	We conducted a correlation analysis between psychological distance and filling the rate of duration, using Spearman’s rank correlation coefficient. We analyzed both future and past data simultaneously.
 
	
	
	
	H2-2 was not supported (the correlations between the filling rate of duration and psychological distance were negligible in Study 1 or negative in Study 2).
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Supplementary Information
Instructions for the experiments in Japanese and English translation are as follows. Our experiments used exactly the same instructions but divided these questions into several sections to make it easier for participants to answer.
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As we divided participants into two groups using two different scales, measuring the filling rate of duration, we would like to provide possible outcomes and explanations for it. This facilitated easier classification, in this case, we just discussed the relationship regardless of whether it is positive or negative. As long as the filling rate of duration is related to psychological distance, regardless of the result of number or length, our hypothesis is supported. However, when the filling rate of duration is not related to psychological distance, our hypothesis is not supported, and there are several possible explanations as listed below.


	
	
	Filling rate and psychological distance

	
	
	1a: Filling rate is related to psychological distance
	1b: Filling rate is not related to psychological distance

	Length, number, and psychological distance
	2a: Both length and number are related to psychological distance
	All the three factors (length, number, and filling rate) affect psychological distance.
The result shows that the filling rate consisted of both the length and the number of the intervening events. This result is in accordance with our hypothesis: when the filling rate of duration is higher, the psychological distance is farther.
	Both length and number are related to psychological distance, while the filling rate of duration is not related to psychological distance.
These results show that the scale that we used to measure the filling rate of duration is not valid enough for measuring both the number and the length of intervening events simultaneously.

	
	2b: Only length (or number) is related to psychological distance
	The length (or number) and filling rate affect psychological distance. These results show that the filling rate of duration just consisted of length (or number) of intervening events.
Moreover, our hypothesis is partially supported; when the filling rate of duration which consists of length (or number) of intervening events is higher, the psychological distance is farther.
	Either length or number is associated with psychological distance, while the filling rate of duration is not related to psychological distance.
These results show that either the concept of filling rate needs to be rediscussed or the way in which we ask participants to answer should be reconsidered.

	
	2c: Neither length nor number is related to psychological distance
	Only the filling rate affects psychological distance. These results show that the concept of filling rate should be considered as a complex combination of length and number of events rather than a simple combination.
Our hypothesis is supported: when the filling rate of duration is higher, the psychological distance is farther.
	None of the factors are related to psychological distance.
These results show that our hypothesis and the concept of the filling rate of duration is not supported and needs further investigation.



Note that after the in-principle acceptance, we made two small modifications, deleting the “Group 1:” and “Group 2:” from the first row and first column to avoid misunderstanding. It does not influence any of the hypotheses or the interpretation of the results.
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Please choose the answer that is closest to your opinion on the following statement.

If you are using a smartphone, we recommend that you rotate the screen horizontally when answering the
questions.
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