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1.1  Introduction 

 

People constantly experience time passing despite the fact that they 

cannot really see it, hear it, smell it, taste it or touch it. Interestingly, even when 

they can read time through objective timekeepers like clocks and calendars, their 

experiences often diverge from these objective measurements. For example, 

people tend to subjectively represent more important future events (e.g., a big 

exam) closer to now than less important events (e.g., a regular class) even if the 

events are equally far away from them in time. Moreover, people also experience 

duration and the speed of time passage rather subjectively: There is almost never 

enough time on a busy day whereas time seems to stand still on one of these 

endless boring days. Or as beautifully put by the mastermind Einstein in 

relativity: “When you are courting a nice girl an hour seems like a second. When 

you sit on a red-hot cinder a second seems like an hour.”    Phenomena like these 

have intrigued many researchers to investigate the nature of the subjective 

experience of time (or psychological time) and also motivated this thesis, which 

is dedicated to study the subjective perception of the speed of time passage. 

Before giving a detailed account of the content of the present 

investigation, I would like to start off with a more general definition of what 

exactly the subjective perception of time entails. According to Block (1990), 

psychological time consists of three major aspects: Succession, intervals, and 

temporal perspective. Succession refers to the sequential occurrence of events, 

from which people may perceive successiveness and temporal order, such as 

when they try to remember the chronological order of events during their last 

holidays. Intervals contain the continuous occurrence of events. Depending on 

how many chronological events are included into a sequence, the length of 

intervals (i.e., duration) increases. Lastly, the temporal perspective refers to the 

perception and distinction between past, present and future. In what follows, I 
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shall briefly summarize the most important investigations into each of the three 

domains and their main findings. 

 

Research on psychological time as succession.  In the literature on 

psychological time, researchers have been somewhat less concerned with time as 

succession than with time as intervals, which is the reason that I will describe the 

research on intervals at some greater detail at the end of this section. Research on 

the succession aspect of psychological time has been grounded primarily in 

models of biopsychological and sensory-perceptual processes. For instance, the 

experience of successiveness has been investigated by classic studies that 

examined the temporal resolution of perception systems. Hirsh and Sherrick 

(1961) found that the presentation of two brief auditory stimuli separated by less 

than 2 ms produced the experience of successiveness. Moreover, the experience 

of temporal order has been investigated by the same authors. It was found that 

trained observers can reliably discriminate the temporal order of two events if 

the interval separating the events is about 20 ms for auditory, visual, and tactile 

stimuli (Hirsh & Sherrick, 1961). 

 

Research on psychological time as temporal perspective.  Although our 

immediate experience of time is limited to now, our perception of time is 

populated by the experience of the past and the future as well. So far, the most 

influential work on the temporal perspective aspect of psychological time comes 

from Construal Level Theory of psychological distance (Liberman, Trope, & 

Stephan, 2007). It examines people’s temporal perspective in terms of temporal 

distance, which refers to the psychological distance from the present to the past 

or the future. It was found that construing events in high-level terms (e.g., 

describing why a person would perform an activity) fosters a perception of the 

more distant future than construing events in low-level terms (e.g., describing 

how a person would perform an activity; Liberman, Trope, McCrae, Sherman, 
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2007). It was also found that the perception of temporal distance to a future 

event is shaped by the effort that one has to invest to realize the event (Jiga-Boy, 

Clark, & Semin, 2010): More effortful future events (e.g., organizing a wedding) 

were perceived as temporally closer than less effortful events (e.g., buying 

concert tickets) when there was a fixed deadline. Causality is another factor that 

can influence people’s perception of temporal distance. People judge pairs of 

causally related events to occur closer together in time than pairs of causally 

unrelated events that were, however, separated by the exact same time interval 

(Faro, McGill, Hastie, 2005). 

Compared to succession and temporal perspective, intervals have been 

studied much more intensely. This might be the case because the length of 

intervals is measurable due to their physical references (i.e., seconds, minutes, 

etc.). Be that as it may, because of this focus and because the present thesis is 

also mainly studying the intervals component of time experiences, I shall now 

turn to a detailed discussion of how intervals have been studied. Research on 

intervals has so far mainly focused on how people make judgments about the 

length of intervals (referred as duration judgments below). In the following, I 

shall first briefly summarize the research on duration judgments, and then 

propose a new approach to studying time judgments of intervals, namely 

judgments of the speed of time passage, which are about how fast time is passing 

in the intervals rather than how long the intervals last. 

 

1.2  The traditional approach to studying time judgments of intervals: 

duration judgments 

 

Early research on duration judgments focused on how accurately people 

can make judgments about the length of intervals. This research was trying to 

identify the “basic unit” of duration that people can accurately judge. This basic 

unit is called “indifference interval” in Vierordt’s Law (1868). According to 



 
CHAPTER1                                                                                                                           INTRODUCTION                                                                                                                   
	  

5 
	  

Vierordt’s Law, intervals that are shorter than the indifference interval tend to be 

overestimated, and intervals that are longer than the indifference interval tend to 

be underestimated (Fraisse, 1963; Woodrow, 1934; 1951). However, no 

congruent indifference interval was found by this research; estimations varied 

considerably across different investigations: From 0.7 s (Fraisse, 1963) to 3.25 s 

many different indifference intervals were found empirically (Treisman, 1963; 

Woodrow, 1934, 1951).  

Soon afterwards, researchers brought attention to various factors that bias 

people’s duration judgments. For example, it was found that the number of 

stimuli presented in a given time interval can influence people’s duration 

judgments. People judge the duration of a filled interval (i.e., a time interval 

where stimuli are presented) as longer than an empty interval (i.e., a time interval 

where no stimuli is presented) of the same duration (filled duration illusion; 

Buffardi, 1971; Goldfarb & Goldstone, 1963; Thomas & Brown, 1974; see for a 

review of the major studies in Ihle & Wilsoncroft, 1983). Other features of 

stimuli such as modality and complexity were also found to influence people’s 

duration judgments (see a review by Allan, 1979). Later research started looking 

into how affective factors influence duration judgments. For example, it was 

found that people judge the duration of emotional sounds as longer than neutral 

sounds of the same duration (Noulhiane, Mella, Samson, & Pouthas, 2007); 

presentations of positive pictures were judged as lasting longer than 

presentations of negative pictures if they were highly arousing, whereas 

presentations of negative pictures were judged as lasting longer than 

presentations of positive pictures if they caused low arousal (Angrilli, Cherubini, 

Pavese, & Manfredini, 1997).  

Other research has looked into the influence of spatial information on 

duration judgments. This research is derived from linguistic metaphors that 

integrate spatial information while referring to temporal information, for instance 

when people say a long day or a short vacation. Research has found that spatial 
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information about distance can influence people’s duration judgments. As such, 

longer spatial distances were judged as lasting longer than shorter spatial 

distances even if their real duration was equal (Casasanto & Boroditsky, 2008). 

Interestingly, it was also found that duration information does not influence 

spatial judgments. People’s judgments about the length of the lines were made 

regardless of their presented duration (Casasanto & Boroditsky, 2008). This 

suggested that the influence of spatial information to duration judgments is not 

bidirectional. 

Many cognitive models have been proposed to explain these observed 

biases on duration judgments. Typically, two types of models, attentinon-based 

models and memory-based models, are distinguished by the experimental 

paradigms used in the research (Zakay & Block, 2004). On the one hand, 

attention-based models are applied in the prospective paradigm where 

participants know in advance they need to judge the duration of a time period. 

On the other hand, memory-based models are applied in the retrospective 

paradigm where participants do not know they need to judge the duration of a 

time period until the time period has elapsed. In the prospective paradigm, as 

participants know in advance that they need to judge duration of intervals after 

the task, they could divide their attention between non-temporal information 

(time-unrelated task) and temporal information during the task. According to 

attention-based models, duration judgments are a function of the amount of 

attention on temporal information. The more attention is paid to temporal 

information, the longer lasting the interval is judged. Such attention-based 

models have been supported considerably by research that manipulated the 

allocation of attention between non-temporal and temporal information (Block & 

Zakay, 1996; Brown, 1997; Frankenhauser, 1959). 

In the retrospective paradigm, duration judgments rely on the information 

retrieved from memory. According to memory-based models, duration 

judgments are therefore best characterized as a function of the amount of stored 
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information (Ornstein, 1969; Block, 1974; 1986; Fraisse, 1963; Poynter, 1983). 

For example, the storage size model argues that duration judgments are a 

function of the amount of the memory storage space generated for processed 

information in an interval (Ornstein, 1969). The contextual-change model, 

another memory-based model, argues that duration judgments are a function of 

the amount of contextual changes that are encoded and stored in memory (Block 

& Reed, 1978; Block, 1989, 1990). 

 

1.3  Do duration judgments tell us all about time judgments of intervals? 

 

Duration judgments are essential time judgments of intervals; however, 

they are not the only time judgments that people can form about intervals. People 

do not only have a sense of how long time lasted (i.e., 5 minutes, 10 seconds), 

but also of how fast time passed by (i.e.,very slow, very fast). These latter 

judgments about how fast time passes are referred to as judgments of the speed 

of time passage in this thesis. Compared to the extensive research on duration 

judgments, far less research has directly looked into these judgments. First, this 

might be the case because, unlike duration judgments that have objective 

references (i.e., seconds, minutes, etc.), judgments of the speed of time passage 

are rather subjective and cannot be measured objectively. Secondly, judgments 

of the speed of time passage are typically correlated with duration judgments: A 

shorter duration is usually perceived as passing faster than a longer duration. 

Some research has used this association between duration judgments and 

judgments of the speed of time passage to infer people’s judgments of the speed 

of time passage from duration judgments (Dancert & Allman, 2005, Campbell & 

Bryant, 2007, Tipples, 2010, Droit-Volet et al., 2010).  

For instance, Campbell and Bryant (2007) investigated how affect 

influences time perception in the stressful experience of skydiving. Novice 

skydivers were asked to report their levels of fear and excitement (on scales from 
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0 to 100, 0 = “not at all frightened” or “not at all excited”, 100 = “very 

frightened” or “very excited”) both before the jump and after landing. They 

were also asked to estimate how long they thought the entire experience had 

lasted. The researchers found that duration judgments of the event positively 

correlated with levels of fear before and during the jump, and negatively 

correlated with levels of excitement before and during the jump. Consequently, 

they argued that increased fear was associated with the perception of time 

passing by slowly whereas increased excitement was associated with the 

perception of time passing by quickly.  

However, there is reason to believe that speed of time passage is not 

solely depended on duration judgments. For example, a 60-minute lecture should 

be perceived as passing by more slowly than a 30-minute lecture, but a very 

interesting 60-minute lecture might be perceived as passing by even faster than a 

very boring 30-minute one. This suggests that judgments of the speed of time 

passage do not only depend on duration judgments, but also depend on other 

factors, which could interfere with the otherwise strong association between 

judgments of the speed of time passage and duration. Therefore, it is worthwhile 

to investigate the speed of time passage independently from duration judgments, 

which is what we did in the present thesis. 

 

1.4 The current approach to studying time judgments of intervals: 

Judgments of the speed of time passage 

 

All experiments in the present thesis were designed to investigate the 

processes underlying judgments of the speed of time passage. The guiding idea 

in the design of the studies was to find out how people make judgments of the 

speed of time passage and if these judgments can be systematically influenced by 

other factors. In order to achieve this goal, we used the same paradigm across all 

four empirical chapters. Specifically, participants in all experiments were 
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presented with a number of short time intervals (ranging from 18 s to 84 s) in 

which different stimuli were presented. After each interval, they were asked to 

provide their judgments about how fast time was passing during this trial on a 9-

point scale where 1 indicates time passing by very slowly and 9 indicates time 

passing by very fast. From Chapter 2 to Chapter 5, we first investigated the 

underlying mechanism of how people make judgments of the speed of time 

passage, and then investigated how peoples’ judgments of the speed of time 

passage can be influenced by various factors. In what follows, I shall provide 

brief overviews over the empirical chapters and the main findings.  

 

Overview of the chapters 

Chapter 2: Judging the speed of time passage: Attention and engagement. 

In this chapter, we investigated the underlying mechanism of judging the speed 

of time passage. We propose an attentional model on judgments of the speed of 

time passage: Judgments of the speed of time passage are a reversed function of 

attention on temporal information. The more attention is paid to temporal 

information, the more slowly time should be perceived as passing. When there is 

more concurrent non-temporal information going on, less attention is allocated to 

temporal information, thus time is perceived as passing by faster. I will present 

data from five experiments that are largely in line with such a model. 

Specifically, across the five experiments, participants were presented with 

different numbers of stimuli in fixed intervals, and they judged time as passing 

faster when there were more stimuli in the intervals. Moreover, we found that 

this effect was mediated by how engaged participants were in the presented trials. 

When more stimuli were presented, participants got more engaged in the trials, 

which led them to judge time as passing by faster. In addition, this chapter 

contains the first empirical evidence that the association between judgments of 

the speed of time passage and duration judgments is not very reliable: in some 
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conditions the correlations between them were very weak, and in some 

conditions the correlations even disappeared.  

Chapter 3: Beyond attention?! The roles of presentation frequency and 

comparison frame in judging the speed of time passage. This chapter builds on 

Chapter 2 and addresses two alternative explanations to the results of our first 

line of research. Specifically, as we presented our stimuli at regular intervals in 

Chapter 2, presenting more stimuli also resulted in faster presentations (i.e., at a 

higher frequency). Hence, our participants might have used this speed cue as a 

basis of their judgments. When stimuli were presented faster, they judged time as 

passing faster. We therefore explicitly investigated the role of presentation 

frequency on judgments of the speed of time passage in Chapter 3. In 

Experiment 1, we presented different numbers of stimuli (few vs. many) either at 

different frequencies or at the same frequency (i.e., frequency). We found that 

when stimuli were presented at the same frequency, time was still judged as 

passing faster when more stimuli were presented, but the effect was smaller 

compared to when stimuli were presented at different frequencies. This result 

indicates that it was attentional processes that people relied on to make 

judgments of the speed of time passage, but meanwhile presentation frequency 

of stimuli also played a role in the judgments. In Experiment 2, we manipulated 

the presentation frequency of stimuli fully independently of the number of 

stimuli, and again found that time was judged as passing faster when stimuli 

were presented at higher frequencies and in a greater number. 

The second alternative explanation we addressed in this line of research 

has to do with the research paradigm that we implemented. Specifically, we 

varied our independent variables (e.g., number of stimuli) exclusively in within-

subject designs in all previous experiments. Stated differently, we always 

provided our participants with a reference frame that they could relate their 

speed judgments to. In order to test how crucial the role of such a reference 

frame is for our findings, we used a between-subject design in Experiment 3. 
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Over and above this methodological change, we manipulated the number of 

stimuli (fewer vs. more) and the regularity at which the stimuli were presented 

(regular vs. irregular). According to the attentional model, as more attention 

would be attracted to more stimuli (than fewer stimuli) and irregularly presented 

stimuli (than regularly presented stimuli), time should be judged as passing faster 

when more stimuli are presented and when stimuli are presented irregularly. 

Results of the experiment showed, however, that the subjective speed of time 

passage was this time unaffected by the amount of information presented (i.e., 

the number of stimuli). Presentation regularity, on the other side, did have a 

significant impact on the subjective experience of time passage: Time was 

judged as passing faster when stimuli were presented irregularly as compared to 

when they were presented regularly. These interesting findings will be discussed 

with respect to how well they fit the attentional model of time experience we 

favor. 

Chapter 4: Unpredictability gives time wings. In Chapter 4, we were 

interested in the influence of the (un-) predictability of events taking place in 

intervals on judgments of the speed of time passage. Specifically, we 

differentiated two types of unpredictability: temporal unpredictability and 

content unpredictability. Temporal unpredictability pertains to when people do 

not know when a specific event is to happen, whereas content unpredictability 

pertains to when people do not know what will happen next. In Experiment 1 

and 2, we manipulated temporal unpredictability and content unpredictability, 

respectively. To manipulate temporal unpredictability, we presented stimuli 

regularly or irregularly. When stimuli were presented regularly, participants 

could easily learn the pattern of the presentation and predict the timing of the 

upcoming stimuli, whereas when stimuli were presented irregularly, it was less 

plausible for participants to predict the timing of the upcoming stimuli. To 

manipulate content unpredictability, we presented the same stimuli or different 

stimuli sequentially in each trial; when the presented stimuli were the same, the 
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upcoming stimuli were predictable to participants, whereas when the stimuli 

were different, the upcoming stimuli were unpredictable to participants. 

Congruent results were found in the two experiments. Time was judged as 

passing faster for both temporally unpredictable stimuli and content wise 

unpredictable information. These results are in line with our attentional take on 

the experience of time passage: Unpredictable stimuli attract attention. In turn, 

less attention is being paid to temporal information. Consequently, when 

participants were presented with unpredictable stimuli, time seems to pass by 

faster than when participants were presented with predictable information. 

Chapter 5: Left-to-right movements accelerate speed of time passage. In 

Chapter 5, we investigated the relationship between spatial information and 

judgments of the speed of time passage. Specifically, we investigated how the 

spatial direction of movements influences judgments of the speed of time 

passage. We manipulated the spatial direction of moving stimuli (left-to-right vs. 

right-to-left), and found that time was judged as passing by faster when 

participants saw the left-to-right movements as compared to when they were 

presented with right-to-left movements. Though this effect was weak and 

sometimes even disappeared, it can be considered a reliable weak effect 

according to the meta-analysis we ran on the basis of our five experiments. This 

pattern seems consistent with previous findings of “left-to-right biases”. For 

example, it was found that people judged left-to-right movements as faster, more 

powerful and more beautiful (Maass, Pagani, & Berta, 2007). 

The typical explanation for such left-to-right biases is the left-to-right 

reading and writing direction in the Western world. This explanation is 

supported by findings indicating that the left-to-right bias can be reversed into a 

“right-to-left bias” if the experiments are conducted in cultures where people 

read and write from right to left. Interestingly, we were unable to reverse our 

left-to-right bias, even when we ran the study with Farsi readers and writers or 

under a mirror-writing manipulation. The effect was also not reversed in another 
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study in which we remapped the past and the future (i.e., past on the right and 

future on the left) in a learning procedure in Experiment 3. We therefore end this 

last empirical chapter by speculating about potential sources of this robust left-

to-right bias in the perception of (the speed of) time passage. 

 

1.5  Conclusions and implications 

 

Across the four empirical chapters of this thesis, we focused on a 

previously neglected type of time judgments about intervals, namely judgments 

of the speed of time passage. In particular, we set out the research in this thesis 

to investigate the underlying mechanisms of judgments of the speed of time 

passage and a number of factors that potentially influence these judgments. 

Taken together, our results clearly speak to the notion that attentional processes 

play a crucial role in the experience of how fast time subjectively passes by. The 

more attention is being allocated to non-temporal information, the faster time 

seems to pass by. We thereby extend the role of attention shown previously in 

models on duration judgments to judgments of the speed of time passage. 

Moreover, we found that judgments of the speed of time passage can be 

influenced by various factors such as the presentation frequency of stimuli, 

whether they are presented in a comparison frame or not and whether or not the 

presented stimuli were predictable. 

Most importantly, the present research thereby underlines the necessity to 

study psychological time more broadly than before. Research should not only 

focus on duration judgments but also and independently on judgments of the 

speed of time passage. Such an extension is not only necessary because we 

showed that both judgments are, at least under certain circumstances, 

independent, but also because this knowledge might be applicable to various 

domains. 
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First, there might be an interesting link of our research to research on so 

called flow experiences: It is often described people losing track of time 

accompany flow experiences. Drawing on the general attentional model and our 

findings, this anecdotal evidence could be interpreted as bundled attention on 

what people are busy with. This speculation is further supported by the revealed 

mediation effect in Chapter 2, which showed that when people paid more 

attention on the time-unrelated task, they got more engaged in the task, and 

therefore felt time passing faster.  

Second, besides understanding phenomena such as flow experience, 

knowledge about the processes driving the subjective experience of time passage 

also be applied to situations in which people want to modify the perception of 

the speed of time passage. For instance, people usually want to experience time 

passing faster when they are waiting. Whereas people seem to do intuitively the 

right thing by devoting their attention to “time killers” (e.g., their phones) when 

they are waiting for the bus, this is certainly less the case in other, more 

important situations. People quickly lose their patience when they are waiting for 

emergency help. Potentially, this is the case because time seems to be the only 

thing that matters. Therefore, general information provided while waiting, or 

even filling in forms might help people to keep their patience. Similar techniques 

could also be used in less emergent situations in which our patience is often 

tested : In order to have people feel the waiting time for a traffic light to turn 

green faster, instead of displaying boring static red lights, some more 

information could be included in the traffic lights so that people’s attention can 

be distracted from the waiting. For example, recently a dancing traffic light has 

been introduced in Lisbon, Portugal. It allows random pedestrians to enter an 

oversized traffic light studio, dance, and their moves were displayed in real time 

on the traffic lights outside. 

In other situations, people want the opposite, namely sometimes they 

want to experience time as passing more slowly. A typical example of such a 
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situation is when people are under time pressure. This often happens in a 

working environment when people have to meet a deadline. If managers want to 

take some pressure off their employees, they could use some techniques 

suggested by the present thesis. For instance, managers could arrange tasks in a 

more regular pace so that tasks appear more predictable to employees, resulting 

in a perception of slower time passage.  
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   Judging the speed of time passage: 

Attention and engagement 
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Abstract 

 

Past research on subjective time judgments mainly focused on duration 

judgments (i.e., how long time lasted), and overlooked judgments of the speed of 

time passage (i.e., how fast time passed). The present research was designed to 

systematically investigate the subjective judgments of both the speed of time 

passage and duration, their potential relation and the cognitive processes 

underlying the judgments of speed of time passage. Specifically, we investigated 

the roles of attention and engagement levels in making judgments of the speed of 

time passage. Across five experiments, we found that when more attention was 

paid to the non-temporal information (i.e., presented stimuli), time was judged as 

passing faster. This finding was confirmed by a meta-analysis of the five 

experiments. Furthermore, this effect was found to be mediated by the degree to 

which participants were engaged in the task. In addition, we found no reliable 

correlation between judgments of the speed of time passage and duration 

judgments. Overall, the current research suggests that both attention and 

engagement play important roles in judging the speed of time passage; when 

people pay more attention to non-temporal information, they get more engaged, 

and judge time as passing faster. 
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2.1  Introduction 

 

All our perceptual, intellectual and emotional experiences are intertwined 

with time. Not surprisingly, hundreds of timekeepers have been created, ranging 

from the burning of a candle to our common modern electric clocks, for people 

to mark time. Besides the objective measurement of time by these devices, 

people also have the intuitive awareness of time — the subjective perception of 

time. For instance, we can judge how long a past event lasted without knowing 

its true duration; we can also feel that one event passed fast but the other one 

passed slowly even if they had the same objective duration.  

The subjective perception of time has intrigued psychologists for decades, 

predominantly leading to investigations of subjective duration judgments of 

certain time intervals. Despite the fact that this research put forth interesting 

findings and models, its focus on duration judgments may have eclipsed research 

on another interesting subjective representation of time, namely the experienced 

speed of time passage. It is therefore still unclear if time can only be judged in 

terms of how long it lasted or if it can independently of the latter judgment also 

be judged in terms of how fast it passed. The present research was designed to 

systematically investigate the subjective judgments of both the speed of time 

passage and duration, their potential relation and the cognitive processes 

underlying the subjective judgments of speed of time passage. We will start out 

with a brief review of research on subjective duration judgments. Then, we will 

try to build an argument for why it is necessary to investigate the judgment of 

speed of time passage independently of duration judgments, and, lastly, come up 

with a hypothesis about how judgments of the speed of time passage can be 

determined. 

Early research on the subjective perception of time focused on how 

accurate duration judgments can be. It has been well documented that people 

cannot always give accurate judgments of duration (Fraisse, 1963; Woodrow, 
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1934, 1951). For example, according to Vierordt’s Law (1868), only the duration 

of certain intervals —“indifference intervals” — can be accurately judged. 

Intervals shorter than indifference intervals tend to be overestimated, whereas 

intervals longer than indifference intervals tend to be underestimated (Fraisse, 

1963). Soon afterwards, researchers brought attention to the fact that people’s 

duration judgments can be distorted easily. Various kinds of distortion have been 

observed under different conditions. For example, it has been found that the 

number of stimuli that fill in a given interval could influence the duration 

judgments of the interval: A classic finding is that a filled interval is perceived as 

longer than an empty interval of the same true duration (filled duration illusion; 

Buffardi, 1971; Goldfarb & Goldstone, 1963; Thomas & Brown, 1974; see for a 

review of the major studies, Ihle & Wilsoncroft, 1983). To account for these 

effects on duration judgments, researchers have developed different cognitive 

models. 

Two types of cognitive models on duration judgments have been 

distinguished by the experimental paradigms used in the respective research 

(Zakay & Block, 2004). Attention-based models are applied in the prospective 

paradigm where participants know in advance they need to judge the duration of 

a time period, whereas memory-based models are applied in the retrospective 

paradigm where participants do not know they need to judge the duration of a 

time period until the time period has elapsed. In the prospective paradigm, as 

participants know in advance that they need to judge duration of intervals after 

the task, they could divide their attention between non-temporal information (i.e., 

a time-unrelated task) and temporal information during the task. According to 

attention-based models, duration judgments are a function of the amount of 

attention on temporal information. The more attention is paid to temporal 

information, the longer the duration is judged. The allocation of attention to 

temporal information varies according to the allocation of attention to non-

temporal information. The more attention is given to non-temporal information, 
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the less attention is allocated to temporal information. Such attention-based 

models have been supported considerably by research that manipulated the 

allocation of attention between non-temporal information and temporal 

information (Block & Zakay, 1996; Brown, 1997; Frankenhauser, 1959; Macar, 

1994; Priestly, 1968; Zakay, Nitzan, & Glicksohn, 1983). 

The attention allocation between temporal information and non-temporal 

information can be manipulated in different ways. One of them is to manipulate 

the amount of non-temporal information — more non-temporal information 

could attract more attention to it. For instance, Hicks and colleges (1976) 

manipulated attention to different amounts of non-temporal information 

processing by asking their participants to either sort cards into a single stack, into 

two stacks by color (i.e., one for red and one for black), or into four stacks by 

suit. Asking participants afterwards to judge how long they had spent on dealing 

the cards (with them knowing that they would be asked this question) revealed 

that the duration judgments decreased monotonically with the amount of non-

temporal information increasing during a 42-second interval. 

Unlike the prospective paradigm, in the retrospective paradigm, the 

duration judgments must mainly rely on the information retrieved from memory. 

According to memory-based models, duration judgments are therefore 

characterized as function of the amount of stored information (Block, 1974, 1986; 

Fraisse, 1963; Ornstein, 1969; Poynter, 1983). The storage size model (Ornstein, 

1969) is representative of the memory-based models. It proposes that duration 

judgments are function of the amount of the memory storage space generated for 

processed information in an interval. Direct support for this model can be found 

in the so called filled duration illusion: Compared to empty intervals, a larger 

memory storage space is generated for filled intervals because more information 

(i.e., stimuli) is processed, so the duration judgments of filled intervals are longer 

than that of empty intervals.  
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These two cognitive models, attention-based models and memory-based 

models, have been able to explain a variety of results obtained in the research on 

duration judgments. However, in comparison to the extensive research on 

duration judgments, notably little effort has been made to directly look into the 

subjective judgments of the speed of time passage thus far. Some research has 

tried to draw conclusions on the perception of the speed of time passage from the 

duration judgments with the assumption that longer duration is associated with 

the perception of slower time passage, and shorter duration judgments are 

associated with the perception of faster time passage (Campbell & Bryant, 2007, 

Dancert & Allman, 2005; Droit-Volet, Bigand, Ramos, & Bueno, 2010; Tipples, 

2010).  

Although duration and the speed of time passage are closely linked 

concepts, we argue that it is not a reliable way to understand the speed of time 

passage from the duration judgments, as the following example may illustrate: a 

60-minute lecture is usually perceived as passing more slowly than a 30-minute 

lecture, but a very interesting 60-minute lecture might be perceived as passing 

even faster than a very boring 30-minute one. This suggests that judgments of 

the speed of time passage not only depend on duration judgments, but also 

depend on other factors, which could break the association between the 

judgments of speed of time passage and the duration judgments. Therefore, it is 

worthwhile to investigate the speed of time passage independently rather than 

inferring it from duration judgments. Accordingly, the interesting question is, 

what is driving the perception of the speed of time passage. Does this subjective 

representation of time also depend upon attentional processes? 

The present line of research focuses on subjective judgments of the speed 

of time passage. In particular, we aimed to extend the role of attention shown for 

duration judgments to judgments of the speed of time passage, and examine how 

the amount of non-temporal information influences the judgments of the speed 

of time passage. We postulated that judgments of the speed of time passage are a 
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reversed function of the amount of attention on temporal information: the more 

attention is paid to temporal information, the more slowly time should be 

perceived as passing. When there is more concurrent non-temporal information 

going on, less attention is allocated to temporal information, thus time is 

perceived as passing faster. Moreover, we hypothesized that this effect is 

mediated by how engaged people are by the non-temporal information: The 

more non-temporal information people process, the more engaged they get in the 

task they are working on, ultimately leading them to experience time as passing 

by faster. 

In the following studies, we manipulated the amount of non-temporal 

information for fixed temporal intervals by presenting different numbers of 

stimuli, and assessed judgments of the speed of time passage as the main 

dependent variable. We expected that when more stimuli were presented, then 

time would be judged as passing by faster, and when fewer stimuli were 

presented, then time would be judged as passing by more slowly. Furthermore, 

we had participants’ engagement levels assessed in order to test our mediation 

hypothesis; it was expected that the presentation of more stimuli would engage 

participants more and the presentation of fewer stimuli would engage 

participants less. In addition, to test the reliability of inferring the judgments of 

speed of time passage from the duration judgments, we also assessed participants’ 

duration judgments; correlation analysis was conducted between the judgments 

of speed of time passage and the duration judgments to reveal their possible 

relation. 

 

2.2  Method 

 

Overview.    Five experiments were conducted to explore the influence of 

different numbers of stimuli presented in temporal intervals of fixed duration 

upon judgments of the speed of time passage. In addition to judgments of the 
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speed of time passage, the conventional dependent variable duration judgment 

was also included. Two factors interval duration and number of stimuli were 

manipulated in within-subject designs. Different interval duration was used in 

order to generalize the possible effects of the number of stimuli on the judgments 

of the speed of time passage. Moreover, the effect of interval duration was also 

expected to constitute a manipulation check: in the current neutral experimental 

setting, when the duration of an interval was longer, it was expected to be judged 

as passing more slowly (i.e., the speed of time passage) and lasting longer (i.e., 

duration). Different numbers of stimuli were manipulated in a linear pattern. The 

five experiments varied in conditions and types of stimuli in order to obtain a 

comprehensive observation of the possible effects of the number of stimuli on 

the judgments of the speed of time passage (see Table 1 for the overview of the 

designs). Besides, participants’ engagement levels were also measured as a 

potential mediator, through which presentation of different numbers of stimuli 

brings about different perception of the speed of time passage. 
 

Table 1 Overview of the designs of Experiment 1-5 

 
 

Participants.   Students from Utrecht University participated in the studies in 

exchange for course credit or monetary reward. Participants were considered not 

taking experiments seriously if they had any missing or extreme judgments on 

duration (e.g., 0 or 518833s in Experiment 1) and were eliminated from data 

analyses. With this restriction, 4 participants were dropped from Experiment 1; 1 

participant was dropped from Experiment 2; 5 participants were dropped from 

Experiment 3; and 1 participant was dropped from Experiment 5. As a result, the 
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data analyses were based on the remaining 56 participants in Experiment 1 (age 

M = 20.9, SD = 4.4; 20 males), 59 participants in Experiment 2 (age M = 20.5, 

SD = 2.9; 20 males), 58 participants in Experiment 3 (age M = 21.8, SD = 4.4; 

18males), 71 participants in Experiment 4 (age M= 20.9, SD = 3.7; 31 males) 

and 64 participants in Experiment 5 (age M = 21.3, SD = 3.4; 21 males).  

 

Procedure.    Participants were told the goal of the studies was to investigate 

attentional processes. They were informed that they would hear beeps from 

headphone (in Experiment 1), or see circles in the center of computer screen (in 

Experiment 2), or hear beeps from headphones and see circles in the center of 

computer screen at the same time (in Experiment 3 to 5). Each trial was initiated 

by pressing the SPACE bar. Stimuli (beeps, circles or both) were presented 

regularly in each interval. The duration of each stimulus was 100 ms. A practice 

trial of 30 s with 30 stimuli was always introduced before the experimental trials 

in each experiment. The type of stimuli in the practice trial accorded with that in 

the following experimental trials. To prevent participants from simply using a 

counting strategy to judge a trial’s duration, two three-digit numerals at random 

temporal intervals were also presented in the center of the screen (in Experiment 

1), or via headphone (in Experiment 2), or at the bottom of the screen and via 

headphone at the same time (Experiment 3 to 5). Participants were asked to read 

these numerals out loud immediately after they saw or hear them. 

After each trial, participants were asked to answer the questions on the 

speed of time passage (How fast did time pass while you were doing this trial?), 

duration (How long do you think this trial lasted?) and engagement levels (How 

engaged were you in this trail?). Participants gave their judgments of speed of 

time passage and engagement levels on 9-point scales (from 1 = ”very slow” or 

“not engaged at all” to 9 = “very fast” or “very engaged”) and gave their 

duration judgments by writing down the number of seconds. 
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2.3  Results 

   
Considering the general variance of participants’ subjective perception of 

time, the data analyses of the five experiments were conducted with linear mixed 

models, comprising of fixed effects and random effects (McCulloch & Searle, 

2001). The fixed effects were composed of the fixed intercepts, the effects of 

interval duration, the effects of number of stimuli, and the interaction effects 

between interval duration and number of stimuli; the random effects were the 

random intercept, which was the most consistent structure across the 

experiments. All models were estimated using restricted maximum likelihood, 

with Satterthwaite approximation for the degrees of freedom. The F-test was 

evaluated for obtaining statistical significance (West, Welch, & Galecki, 2006). 

The independent variables interval duration and number of stimuli were analyzed 

as categorical variable and continuous variable, respectively. The models were 

applied to the three dependent variables: judgments of speed of time passage, 

duration judgments and engagement levels. The Table 2, 4 and 6 summarize the 

descriptive statistics, including means and standard deviations across five studies, 

for judgments of speed of time passage, duration judgments and engagement 

levels, respectively. The following section of results first presents the findings on 

each dependent variable of all the single studies, and then is followed by the 

results of the meta-analyses of the five experiments on judgments of speed of 

time passage and duration judgments; subsequently the results of mediation 

analysis with engagement levels as the mediator are presented, and we conclude 

with the results of correlation analysis between judgments of the speed of time 

passage and duration judgments. 

 

2.3.1  Judgments of the speed of time passage     

         By inspecting the means of judgments of the speed of time passage across 

five experiments, we found that the judgments of the speed of time passage 
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decreased with the increasing interval duration (see the upper panel in Table 2). 

This observation was confirmed by the significant fixed effects of the interval 

duration on the judgments of the speed of time passage (see the column 

“Duration” of Table 3). It was consistent with our expectation that when 

intervals were longer, they should be judged as passing by more slowly. These 

results can be taken as a manipulation check. 

 
Table 2 Means (M) and standard deviations (SD) of the judgments of the speed of time 

passage in Experiment 1-5. 

 
Note. Cells are filled with “-” if conditions are not included in the respective designs. Higher 
numbers of means indicate faster speed of time passage. Duration = Interval duration; Number = 
Number of stimuli. 
 

Table 3 Fixed and random effects of judgments of the speed of time passage in 

Experiment 1-5. 

 
Note. Duration = Interval duration; Number = Number of stimuli. 
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More importantly, we found that the judgments of the speed of time 

passage increased with the increasing number of stimuli (see the lower panel in 

Table 2). This observation was confirmed by the significant fixed effects of the 

number of stimuli on the judgments of speed of time passage (see the column 

“Number” of Table 3). These results supported our hypothesis that time is 

judged as passing faster when more stimuli are presented. 

The interaction effect between interval duration and number of stimuli 

was only found significant in Experiment 5 (see the column “Interaction” of 

Table 3), suggesting that the effects of the number of stimuli on the judgments of 

the speed of time passage were different in different interval duration. Separate 

analyses with linear mixed models for each duration found the fixed effects of 

the number of stimuli significant on the judgments of the speed of time passage 

in duration of 51 s, 84 s and 117 s (ps < .01), revealing that the judgments of the 

speed of time passage increased with increasing number of stimuli; the fixed 

effect of the number of stimuli was not significant on the judgments of the speed 

of time passage in duration of 18 s (F < 1).  

 
2.3.2  Duration Judgments  

 

Similar to judgments of the speed of time passage, a clear pattern of 

duration judgments was observed from the manipulation of interval duration. 

Duration judgments were found to increase with the increasing interval duration 

(see the upper panel in Table 4), confirming by the significant fixed effects of 

the interval duration on duration judgment (see the column “Duration” of Table 

5). This again confirmed that participants had a clear perception of time with the 

current manipulation. 
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Table 4 Means (M) and standard deviations (SD) of the duration judgments (s) in 

Experiment 1-5. 

 
Note. Cells are filled with “-” if conditions are not included in the respective designs. Higher 

numbers of means indicate longer duration. Duration = Interval duration; Number = Number of 

stimuli. 

 

Table 5 Fixed and random effects of duration judgments in Experiment 1-5.

 
Note. Duration = interval duration; Number = Number of stimuli. 
 

However, the patterns of the effects of number of stimuli on duration 

judgments were less straightforward than those on judgments of the speed of 

time passage (see the lower panel in Table 4). The fixed effects of the number of 

stimuli on the duration judgments were found to be significant in Experiment 3 

and marginally significant in Experiment 4 and 5, but not significant in 
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Experiment 1 and 2 (see the column “Number” of Table 5). By looking over the 

means of duration judgments through different numbers of stimuli in Experiment 

3, 4 and 5 (see the third, fourth and fifth columns of the lower panel in Table 4), 

we found that duration judgments of empty intervals (intervals with 0 stimuli) 

were always shorter than that of any filled interval (intervals with any number of 

stimuli). Simple comparisons between empty intervals and each filled interval in 

these three experiments confirmed this observation (see Table 2 of additional 

materials for the results of paired comparisons). Furthermore, we found that if 

empty intervals were not included into the models, the fixed effects of number of 

stimuli became not significant in Experiment 3, 4 and 5 (marginally significant 

in Experiment 3, p = .080, showing that intervals with 60 stimuli were judged 

shorter than the intervals with 30 stimuli). These results seemed to suggest that 

number of stimuli could only influence judgments of a fixed duration at an all-

or-none level: if an interval is filled with any number of stimuli, it is perceived 

longer than an empty interval; but the number of stimuli in a filled interval does 

not seem to influence its duration perception systematically. 

No significant interaction effects were found between the interval 

duration and the number of stimuli on the duration judgments in all the five 

experiments (see the column “Interaction” of Table 5). 

 

2.3.3  Engagement levels 

 

Across the five experiments, we found that participants’ engagement 

levels decreased with the increasing interval duration (see the upper panel in 

Table 6). This observation was confirmed by the significant fixed effects of 

interval duration on the engagement levels (see the column “Duration” of Table 

7). More importantly, as expected, participants’ engagement levels increased 

with the increasing number of stimuli (see the lower panel in Table 6). The fixed 
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effects of the number of stimuli on the engagement levels were found to be 

significant across the five experiments (see the column “Number” of Table 7).  

 

Table 6 Means (M) and standard deviations (SD) of engagement levels in Experiment 1-5. 

 
Note. Cells are filled with “-” if conditions are not included in the respective designs. Higher 

numbers of means indicate higher levels of engagement. Duration = interval duration; Number = 

Number of stimuli. 

 

Table 7 Fixed and random effects of engagement levels in Experiment 1-5. 

 
Note. Duration = interval duration; Number = Number of stimuli. 

 

The interaction effects between the interval duration and the number of 

stimuli on the engagement levels were found significant in Experiment 4 and 

marginally significant in Experiment 1 and 2 (see the column “Interaction” of 
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Table 7). In Experiment 1, we found the significant fixed effect of number of 

stimuli on engagement levels in duration of 84 s but not in duration of 18 s or 51 

s. In Experiment 2, we found the significant fixed effects of number of stimuli on 

engagement levels in all duration of 18 s, 51 s and 84 s. In Experiment 4, we 

found the significant fixed effect of number of stimuli on engagement levels in 

duration of 18 s but not in duration of 51 s or 84 s. Given the results of the 

overall interaction effects were rather incongruent, they were not included in the 

further discussion. 

 

2.3.4  Meta-analysis 

 

To summarize the effects of number of stimuli on judgments of the speed 

of time passage and duration judgments, meta-analyses on the basis of the five 

experiments were performed. 

 

2.3.4.1  Meta-analysis on judgments of the speed of time passage 

 

Preparation of dataset.    To conduct the meta-analysis, we regarded the 

independent variable number of stimuli as categorical variable and decomposed 

it into different numbers of pair comparisons. For example, Experiment 1 

contained comparisons between no stimuli condition and 30 stimuli condition, 

comparisons between no stimuli condition and 60 stimuli condition, and 

comparisons between 30 stimuli condition and 60 stimuli condition. As a result, 

45 comparisons were generated from the five studies (3 pairs of comparisons 

from Experiment 1; 3 pairs of comparisons from Experiment 2; 3 pairs of 

comparisons from Experiment 3; 21 pairs of comparisons from Experiment 4; 15 

pairs of comparisons from Experiment 5; see the overview of comparisons in 

Table 1 of additional materials). Linear mixed models were used to analyze each 

comparison with the fixed and random intercepts, the fixed effects of interval 
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duration, the fixed effects of number of stimuli, and the fixed interaction effects 

between interval duration and number of stimuli. Table 1 of the additional 

materials shows the effects on the judgments of the speed of time passage from 

all the comparisons, including mean differences, standard errors and significance 

levels (p values). 

Due to the fact that the magnitudes of comparisons were different from 

each other (e.g., the difference between no stimuli condition and 60 stimuli 

condition is bigger than that between no stimuli condition and 30 stimuli 

condition), we further grouped all the comparisons into three categories. When 

the difference of number of stimuli in the comparison was smaller than 30 (e.g., 

0 vs. 20 in Experiment 4), it was categorized into small difference group; when 

the difference of number of stimuli in the comparison equaled to 30 (e.g., 0 vs. 

30 in Experiment 1), the comparison was categorized into medium difference 

group; when the difference of number of stimuli in the comparison was larger 

than 30 (e.g., 0 vs. 60 in Experiment 1), the comparison was categorized into big 

difference group (see Table 1of additional materials for the overview of group 

categorization). 

 

Calculation of effect sizes.    Hedges’s g, which is a variation of Cohen’s d, was 

chosen as the effect size indicator because it can correct the slight bias from 

small samples, and is therefore considered a more conservative effect size 

measure (Hedges, 1981; Hedges & Olkin, 1985). This measure can be computed 

from mean difference, standard error and sample size. The interpretation of 

Hedges’s g can adopt Cohen’s suggestions to Cohen’s d (Cohen, 1988): an effect 

size of 0.2 to 0.3 is considered a small effect, around 0.5 a medium effect, and 

0.8 to infinity a large effect. Effect size was computed for each comparison (see 

Table 1of additional materials). 
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Meta-analytic computations.    Two statistical models are available for meta-

analysis, the fixed-effect model and the random-effect model. According to 

Hedges and Vevea (1998), the fixed-effect model is appropriate for the 

inferences that extend only to the studies included in the meta-analysis, whereas 

the random-effect model is appropriate for the inferences that generalize beyond 

the studies included in the meta-analysis. Because the current meta-analysis only 

intended to make inferences of the effect-size parameters in the five experiments 

we have conducted, fixed-effect models were chosen for the overall analysis and 

subsequent analysis. All analyses were conducted using Comprehensive Meta-

Analysis 2.0 program. 

 

Results.     The mean effect size based on a fixed-effect model was found to be g 

= .29; the 95% confidence interval (95% CI) was 0.26 (lower) to 0.33 (upper), 

with a highly significant associated z score (z = 15.51, p < .001). According to 

Cohen’s criterion, this can be considered a small effect. A chi-square test of 

homogeneity of effect size was highly significant, χ2 (44) = 96.50, p < .001, 

indicating heterogeneity. A further moderator analysis was conducted to attempt 

to account for variation in the observed effect sizes.  

The moderator analysis was conducted with three categories of groups 

(i.e., small difference group, medium difference group and big difference group). 

The category of group was found to be a significant moderator of the effect, χ2 (2) 

= 53.05, p < .001. Big difference group led to a larger effect (g = .45) than 

medium difference group (g = .28), and medium difference group led to a larger 

effect than small difference group (g = .14). These results indicated that the 

effect of number of stimuli on judgment of speed of time passage was larger 

when the difference between the numbers of stimuli was bigger in the 

comparison.  

Overall, the results of the meta-analysis confirmed the effect that the 

judgments of the speed of time passage increased with the increasing number of 
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stimuli, which we have found in all the single studies conducted; furthermore, 

this analysis demonstrated that the effect size depends on the magnitude of the 

difference between the numbers of stimuli. 

 

2.3.4.2  Meta-analysis on duration judgments 

 

Like the meta-analysis on judgments of the speed of time passage, we 

decomposed the effects of number of stimuli on duration judgments into 45 

comparisons (see Table 2 of additional materials).  The comparisons were further 

grouped into two categories. One category was the comparison between empty 

interval condition and filled interval condition, and the other category was the 

comparison between any two filled interval conditions. The same linear mixed 

models were used as in the case of the judgments of the speed of time passage. 

Table 2 of the additional materials shows the effects on duration judgments from 

all the comparisons, including mean differences, standard errors and significance 

levels (p values). The calculation of effect sizes and the meta-analytic 

computations were the same as we did for the judgments of the speed of time 

passage. 

 

Results.    The mean effect size based on a fixed-effect model was g = .075; the 

95% confidence interval (95% CI) around this estimate had a lower limit of 

0.039 and an upper limit of 0.11. The effect was significantly different from zero, 

z = 4.05, p < .001. A chi-square test of homogeneity of effect size was highly 

significant, χ2 (44) = 121.11, p < .001, indicating heterogeneity. A further 

moderator analysis was conducted to attempt to account for variation in the 

observed effect sizes.  

A moderator analysis was conducted with two categories of groups (i.e., 

groups of comparisons between empty interval condition and filled interval 

condition, and groups of comparisons between any two filled interval conditions). 
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The category of groups was found as a significant moderator of the observed 

effects, χ2 (1) = 57.48, p < .001. The group of comparisons between empty-

interval condition and filled-interval condition had a mean estimated effect size 

of g = .263 and SE of .031. According to Cohen’s criterion, this can be 

considered a small effect. The effect was significantly different from zero, z = 

8.50, p < .001, with the 95% confidence interval (95% CI) of 0.20 (lower) to 

0.32 (upper). The group of comparisons between any two filled-interval group 

yielded a mean estimated effect size of g = -.030 and SE of .023. This estimate 

was not significantly different from zero, z = -1.30, p = .19.  

The meta-analysis results confirmed our observation that the number of 

stimuli influenced the duration judgments between empty intervals and filled 

intervals, but not between any filled intervals. Importantly, this analysis clearly 

revealed that the comparisons between empty intervals and filled intervals 

induced significant effects on the duration judgments, whereas the comparisons 

between any two filled intervals induced no effects. Overall, the results 

suggested that people tend to perceive filled intervals longer than empty intervals 

with the same duration, but the number of stimuli in filled intervals doesn’t 

necessarily influence their duration judgments. 

 

2.3.5  Mediation analysis 

 

To test our hypothesis that engagement mediates the effect of the amount 

of non-temporal information on judgments of the speed of time passage, 

mediation analyses were conducted across five experiments, comprising the 

number of stimuli as the independent variable, judgments of the speed of time 

passage as the dependent variable, and engagement levels as the mediator (see 

Figure 1).  
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Figure 1 Illustration of mediation of engagement levels between number of stimuli and 

judgments of the speed of time passage. 

 
As all variables were measured employing a repeated-measures design, 

mixed models were used to estimate the mediation model. As shown by Kenny, 

Korchmaros and Bolger (2003), the mediation effect in mixed models is a 

function of both the fixed effects and the covariance of the random effects. In 

our case, the mediation effect of engagement is a function of the fixed effect of 

number of stimuli on engagement, the partial effect of engagement on judgments 

of the speed of time passage keeping the number of stimuli constant, and the 

covariance between the random effect of number of stimuli on engagement and 

engagement on judgments of the speed of time passage. Thus, to set up a proper 

model for the mediation analysis we first investigated the fixed and random 

effects of the mediation model on the full sample obtained pooling together the 

five experiments. 

The first model features number of stimuli as independent variable and 

judgments of the speed of time passage as dependent variable. The effect of 

number of stimuli and the intercept of the model was set as random across 

participants. Estimation suggested that only the intercept showed a non-zero 

variance. In particular, setting the effect of number of stimuli on judgments of 

the speed of time passage as fixed allowed the model to fit, showing random 

variability only in the intercepts (σ2 =12404.98, icc = .15, χ2 = 474.53, p < .001). 

Thus, in the overall sample, no random variability was observed for the overall 

effect of number of stimuli on judgments of the speed of time passage. Logically, 

this result suggested that the mediational effect — being a portion of the overall 
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effect — should not be random. In fact, a model with number of stimuli as 

independent variable and engagement as dependent variable showed random 

variability only in the intercepts (σ2 =34935.207, icc =.48, χ2 = 2582.184, p 

< .001) and none in the regression coefficients. Hence, the components of the 

mediation effects were not randomly varying in our sample, and the mediation 

model depends only on the product of the fixed products.  

After establishing the random structure of the mediation model, to 

estimate the model we adapted a simultaneous modeling approach (Bauer, 

Preacher, & Gil, 2006; MacCallum, Kim, Malarkey, & Kiecolt-Glaser, 1997) to 

the present case. To obtain an inferential test for the mediated effect, we 

examined a large samples t-test obtained with the simultaneous modeling 

approach and the bootstrap (with 1000 samples) confidence interval (95%) of the 

mediated effect. Different methods of obtaining the confidence interval agreed 

on this conclusion. 

 

Results.  Across all five experiments, the overall fixed effect of number of 

stimuli on judgments of the speed of time passage was positive and statistically 

significant (i.e., path c in Figure 1), B = 1.39, F (1, 4825.85) = 80.23, p < .001. 

The fixed effect of number of stimuli on engagement was positive and 

significant (i.e., path a in Figure 1), B = .85, F (1, 4808.73) = 55.35, p < .001, 

and so was the partial effect of engagement on judgments of the speed of time 

passage, keeping constant the effect of number of stimuli (i.e., path c’ in Figure 

1), B = 0.67, F (1, 4098.35) = 2034.53, p < .001. Thus the mediated effect was of 

0.58, with bootstrap confidence interval of 0.55 – 1.19. As the confidence 

interval did not encompass zero, we deem the effect as statistically significant. 

The same conclusion can be obtained using the large sample F-test on the 

meditated effect, F (1, 9457.88) = 7.22, p = .007. These results confirmed our 

hypothesis that the increasing amount non-temporal information increases 
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participants’ engagement levels, and further increases judgments of the speed of 

time passage. 

 

2.3.6  Correlation analysis 

 

To check the reliability of inferring the judgments of the speed of time 

passage from the duration judgment, correlation analyses between the judgments 

of the speed of time passage and the duration judgment were conducted. To 

capture data dependency, the correlation has been estimated for each experiment 

using a mixed model with intercepts as random coefficient across subjects.  

 

The judgments of the speed of time passage and duration judgments were 

negatively correlated across five experiments (i.e., r varied from -.54 to -.67; see 

the first row in Table 8); however, the correlation greatly reduced if controlling 

for the duration of intervals, with partial correlations ranging from -.057 to -.250 

(see the second row in Table 8). These results indicated that it was not always 

reliable to infer judgments of the speed of time passage from duration judgments, 

especially when the information of actual duration is missing. 

 

Table 8   Correlation analyses between judgments of the speed of time passage and 

duration judgments in Experiment 1 to 5

 
* p < .001. 

 
2.4  Discussion 

 

The subjective perception of time has been noted by psychological 

researchers for a long time; however, while most of research has focused on the 
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subjective duration judgments, very little research has investigated the subjective 

judgments of the speed of time passage. The current line of research aimed to 

investigate how attentional processes influence judgments of the speed of time 

passage, with a special interest in examining the role of engagement in mediating 

the effect. The results of five experiments showed that time was perceived as 

passing faster when more attention was paid to non-temporal information, and 

further revealed the role of the engagement as a mediator. These results support 

our hypothesis that judgments of the speed of time passage are a function of the 

amount of attention on the non-temporal information, and engagement mediates 

this effect. 

Although engagement has been investigated widely in classroom learning 

(Corno & Mandinach, 1983), in organization performance (Salanova, Agut, & 

Peiró, 2005), in group cooperation (Tyler & Blader, 2003) or in political 

participation (Galston, 2001), this is, to our knowledge, the first time that it is 

investigated in the domain of time perception. We found that engagement 

mediated the effect of the amount of attention on the judgments of the speed of 

time passage: when the time-unrelated task attracts more attention, people get 

more engaged in it, and consequently they experience time as passing faster. 

Together with the fact that engagement is closely intertwined with different 

psychological components that influence time perception, such as attention, 

memory and emotion, it suggests that engagement might play an important role 

in shaping the perception of time. Further research on the subjective perception 

of time could be conducted with engagement level as an important variable. 

The present studies first extend the role of attention to the judgments of 

the speed of time passage. We argue that the less attention is paid to time 

passage, the faster time is perceived as passing. This argument is comparable to 

the judgment of physical speed – a moving object (e.g., a car) can be judged as 

fast when little attention is paid to it. In addition, the moderator analysis in our 

meta-analysis demonstrated that the difference in the amount of attention on time 
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passage gave rise to the difference in judgments of the speed of time passage; the 

bigger the difference in the amount of attention on the time passage, the bigger 

the difference in the judgments of the speed of time passage between the 

temporal intervals.  

The overall findings of the role of attention on judgments of the speed of 

time passage indicate that controlling the amount of attention on time passage is 

a way of changing the perception of the speed of time passage. For certain events, 

influencing people’s subjective perception of the speed of time passage could 

bring a better experience. For example, restaurants normally want customers to 

experience faster-passing waiting time, especially for the customers in the 

waiting line. According to the current research, restaurants could provide more 

information (e.g., menu) or service (e.g., free snacks, TV with interesting news) 

to divert customers’ attention from the time passage during the wait, which is 

likely to result people perceiving time as passing faster. Another example is 

holiday experience. People normally don’t want to experience time passing too 

fast when they are on holiday. To slow down the perception of the speed of time 

passage, they could arrange fewer activities during the holiday, so they could pay 

more attention to the “flow of time”, which brings about slower perception of 

time passing. Another straight-forward and interesting extension of the present 

work could be the so called flow experiences: It directly follows from our 

findings that whatever turns attention to temporal information should make time 

be perceived as passing by more slowly. Consequently, timing people with, for 

instance, time-punch machines is probably not a very good idea, at least if one 

wants one’s employees to get “in the flow”. 

It is somewhat surprising that we didn’t find the duration judgments 

decreased with the increasing number of stimuli as predicated by attention-based 

models; instead, we found the duration of filled intervals was judged as longer 

than that of empty intervals (i.e., filled duration illusion). Even though this 

finding seems consistent with memory-based models, the duration of filled 
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intervals didn’t reveal a stable increasing or decreasing pattern with the 

increasing number of stimuli. The non-monotonic pattern of duration judgments 

was not the first time to be found (Hogan, 1975; Jones & Natale, 1973; Ornstein, 

1969 ). For instance, in one of Ornstein’s studies (Ornstein, 1969), participants 

were shown six figures in different ranked complexity. The results showed that 

the increase in stimulus complexity lengthens the experience of duration only up 

to a point and then further increases no longer have any effect. We speculate that 

although according to attention-based models, attention is supposed to play a 

dominant role in judging duration in the prospective paradigm, memory might 

also play an important role when there is clear difference in the amount of stored 

information in memory (i.e., empty intervals vs. filled intervals). Future research 

needs to test out this possibility more carefully.  

The relation between judgments of the speed of time passage and duration 

judgments was another interest of the current line of studies. Judgments of the 

speed of time passage was found to be negatively correlated with duration 

judgments, but the correlation became rather weak when controlling for the 

duration of intervals. This indicates that the assumed association between the 

speed of time passage and duration greatly depends on the actual duration of 

intervals; when the information of the actual duration of intervals is missing or 

less salient, to infer the speed of time passage from the duration judgments 

becomes less reliable. This finding also partly corroborates the idea of Wearden 

(2008) that “the two [i.e., passage of time judgments and retrospective timing, 

which is comparable to judgments of the speed of time passage and duration 

judgments in our research, respectively] might not be reliably related at all”. In 

one of his studies, Wearden (2005) found that people judged a film time passing 

faster and lasting longer than the (same) time that was spent in the waiting room. 

This finding is consistent with the common sense that people could feel a busy 

day passing very fast, and it seems to last very long at the same time. Both 

factual and empirical evidence suggest that the best way of understanding the 
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speed of time passage is not to infer it from the duration, but rather to investigate 

it independently. 

Although the current data showed that judgments of the speed of time 

passage and duration judgments are not reliably correlated, in daily life people 

usually have a mixed feeling about duration and the speed of time passage: when 

they say “the class lasted so long”, they also mean “time passed so slowly in the 

class”. We speculated that when people judge duration in a subjective manner 

(i.e., with the idea of long or short), duration judgments and judgments of the 

speed of time are more closely related than that when people judge duration in an 

objective manner (i.e., with objective reference of seconds, minutes, etc.). To test 

this speculation, we conducted a supplementary experiment with the same design 

as Experiment 1. Differently, three groups of participants were recruited, and 

each group was asked to give one type of time judgments: judgments of the 

speed of time passage (How fast did time pass when you were doing this trial? 1-

very slowly, 9-very fast), objective duration judgments (How long do you think 

this trial lasted? Answering with number of seconds), or subjective duration 

judgments (How long do you think this trial lasted? 1-very short, 9-very long). A 

correlation analysis was performed with these three types of time judgments. The 

result revealed a low negative correlation between judgments of the speed of 

time passage and objective duration judgments (r = -.18, p < .05), which was 

similar to the correlation we obtained across the five previously reported 

experiments. Interestingly, we found a higher negative correlation between 

judgments of the speed of time passage and subjective duration judgments (r = -

.47, p < .001). These results support our speculation that judgments of the speed 

of time passage and subjective duration judgments are more closely related. This 

could also explain the daily observation that people have mixed feelings of time 

being long/short and passing slow/fast. In addition, we found that subjective 

duration judgments and objective duration judgments had a low positive 

correlation (r = .28, p < .001), which indicated that the two duration judgments 
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are relatively independent from each other. The overall results from this 

supplementary experiment further supported our finding that judgments of the 

speed of time passage and objective duration judgments were not reliably 

correlated; more importantly, they shed light on the difference between 

subjective duration judgments and objective duration judgments. Further 

research could go deeper to understand this distinction.  

In conclusion, across five experiments we found the function of attention 

on the judgments of the speed of time passage. As expected, the judgments of the 

speed of time passage increased with the decreasing amount of attention on time 

passage. This finding could stimulate practical strategies for managing the 

perception of time passage to induce better life experiences. Future research 

could look into more factors that influence the perception of the speed of time 

passage, and explore the possibilities of changing the perception of time passage. 

In addition, we found the role of engagement on the effect of attention on the 

subjective judgment of the speed of time passage. Further research could 

investigate more the function of engagement on time perception. Moreover, we 

found that the judgments of the speed of time passage and duration judgments 

correlated weakly with each other when controlling for the duration of intervals. 

This finding confirms that inferring the speed of time passage from duration is 

not reliable, and suggests the best way of understanding the speed of time 

passage is to investigate it independently.  
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Additional materials  

Table 1 Descriptive statistics of meta-analysis on judgments of the speed of time passage 

of Experiment 1-5. 
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Table 2 Descriptive statistics of meta-analysis on duration judgments of Experiment 1-5.
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Chapter  3 
Beyond attention?!  

The roles of presentation frequency and comparison 

frame in judging the speed of time passage 

 

 

 
 

 

 

 

 

 

 

 



 
CHAPTER 3                                             PRESENTATION FREQUENCY AND COMPARISON FRAME 

 
 

48 

Abstract 

 

In Chapter 2, we manipulated the number of stimuli in a fixed duration and 

found that time was judged as passing faster when more stimuli were presented. 

However, there are two methodological issues that need to be further addressed. 

First, we used within-subjects designs throughout the experiments. This 

manipulation comes with the problem that participants are provided with a 

reference for their judgments. Second, we presented stimuli in a regular manner 

within a fixed duration in all the experiments; thus, when more stimuli were 

presented, the stimuli were also presented faster (i.e., at a higher frequency). 

This gives rise to the possibility that participants might have used the frequency 

as a cue to judge the speed of time passage. The present research in Chapter 3 

was designed to examine both of these confounds experimentally. In line with 

our hypotheses, results from Experiment 1 and 2 showed that both presentation 

frequency and number of stimuli affected judgments of the speed of time passage 

independently. These findings strengthen our argument about the role of 

attention in judging the speed of time passage. Results from Experiment 3 

showed a strong effect of whether or not participants were provided with a 

reference frame in judging the speed of time passage. We argue that this finding 

further suggests the relative nature of judgments of the speed of time passage. 
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3.1  Introduction 

 

Apparently, the perception of time is more than simply reading one’s 

watch: Time is also a highly subjective experience and as such influenced by 

many psychological factors. Amongst the most well studied variables 

influencing how much time people think a certain event took is the amount of 

attention turned to either temporal or non-temporal information. Specifically, 

previous research established the fact that the more attention is allocated to 

temporal information (e.g., staring at the clock while waiting for the bus) the 

longer time intervals are perceived to last. Conversely, the more attention is 

allocated to non-temporal information (e.g., observing other people waiting for 

the bus) the shorter the same period of time is experienced. In a recent line of 

research, we (Li, Häfner, Garrido, Gallucci, & Semin, 2014) extended this line of 

reasoning from typically investigated duration judgments to judgments of the 

speed of time passage and show that time also subjectively passes by faster the 

less attention is devoted to matters concerning time passage itself. As such, we 

showed that the simple amount of information being processed influences how 

fast time subjectively passes by: The more stimuli we presented, the faster time 

subjectively passed by for our participants. 

Despite the fact that our findings perfectly match and extend previous 

work, there are two methodological issues in our, but also in previous research, 

that need to be addressed. First, along with many others, we manipulated the 

allocation of attention exclusively within participants (see also, Khoshnoodi, 

Motiei-Langroudi, Omrani, Diamond, & Abbassian, 2008; Poynter & Homa, 

1983; Thomas & Brown, 1974; Tse, Intriligator, Rivest, & Cavanagh, 2004). 

This common methodology comes, however, with the problem that participants 

are provided with a reference frame for their judgments. This seems to be 

particularly the case when people make judgments of the speed of time passage 

as these judgments lack objective timing references (i.e., seconds, minutes, etc.). 
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For example, if people experience a present event as passing by fast, they often 

do so by comparing the actual event to a similar previous event. But what if there 

is no similar previous event, or stated differently, what if we manipulated 

attention allocation between instead of within participants? Is time passage then 

experienced more accurately? 

Apart from this very common problem in research on the perception of 

time intervals, the way we manipulated attention allocation (i.e., the sheer 

number of available non-temporal information) opens up alternative explanations: 

We presented our different amounts of stimuli regularly across the same time 

intervals in all the reported experiments. Hence, when more stimuli were 

presented, we did not only present more stimuli, but we also presented them in 

faster succession (i.e., at a higher frequency). This gives rise to the possibility 

that participants might have used the frequency as a cue to judge the speed of 

time passage. When stimuli were presented faster, they might have judged time 

as passing by faster; when stimuli were presented slower, they might have 

judged time as passing more slowly. 

 

Overview of the studies 

The present studies were designed to address both confounds 

experimentally. In particular, we conducted three experiments in order to 

disentangle presentation frequency (Experiment 1 and 2) and comparison frame 

(Experiment 3) from the role of attention in the subjective experience of the 

speed of time passage. Experiment 1 was designed to investigate the role of 

frequency: In half of the conditions, we replicated our earlier methodology, that 

is, we presented different numbers of stimuli (few vs. many) across the same 

time interval. Therefore, the more stimuli we presented the higher the frequency 

at which we presented them (i.e., different frequency). In the other half of the 

conditions, we presented different numbers of stimuli at the same frequency by 

manipulating the intervals between stimuli (see also Fig. 1). We hypothesized 
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that both the number of stimuli and the frequency at which we present the stimuli 

should independently influence judgments of the speed of time passage. This 

hypothesis was also tested in Experiment 2. 

In Experiment 3, we used a between-subjects design to see how strong the 

effect of having a comparison frame would be. To test the role of attention in 

judging the speed of time passage when comparison is not available, besides 

number of stimuli, we also included another factor that could influence attention 

allocation — presentation regularity of stimuli. When stimuli are presented 

irregularly, they should attract more attention than regularly presented stimuli. 

Taken together, it was expected that time would be judged as passing by faster 

when more stimuli were presented and when stimuli were irregularly presented. 

However, if this attentional model relies on a comparison frame, these effects 

would not be expected to appear when the comparison frame was removed. 

 

3.2  Experiment 1 

 

3.2.1 Method 

 

Design and Participants.    A 2 (number of stimuli: few vs. many) * 2 

(presentation frequency: different vs. same) within-subject design was used. 43 

participants (age M = 22.56, SD = 6.26; 21 males) were recruited from Utrecht 

University in exchange for course credit or a small monetary reward.  

 

Materials and Procedure.  As in the previous research (Li et al., under review), 

we used synchronized beeps via headphone and circles presented in the center of 

the computer screen as stimuli. The duration of each stimulus was 100 ms. 30 or 

60 stimuli were presented either regularly or in chunks of 51 s (see the 

illustration in Figure 1). When stimuli were presented regularly, they were 

evenly distributed throughout the 51 s, thus the presentation frequency was 
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different for 30 stimuli and 60 stimuli — 60 stimuli (i.e., 1.18 Hz) were 

presented faster than 30 stimuli (i.e., 0.59 Hz). When stimuli were presented in 

chunks, both 30 and 60 stimuli were presented in 10 chunks with 3 stimuli and 6 

stimuli in each chunk, respectively. The stimuli in all chunks were presented 

with the same between-stimuli intervals of 300 ms, thus presentation frequency 

was equal in both conditions (i.e., 3.33 Hz). The 10 chunks in both conditions 

were evenly distributed throughout the 51 s. 

 

 
 

Figure 1 Illustration of the stimuli presentation in Experiment 1 

          

         Two trials were presented for each condition. In total, participants were thus 

randomly presented with 8 experimental trials. Before this presentation, two 

additional intervals of 30 s were presented as practice trials. In one practice trial, 

30 stimuli were regularly distributed in 30 s; in the other practice trial, 15 stimuli 

were equally chunked into 5 chunks with between-stimuli intervals of 900 ms 

and between-chunks intervals of 3900 ms. To prevent participants from simply 

using a counting strategy to estimate an interval’s duration, they were also 

visually presented with two three-digit numbers at random temporal intervals at 

the bottom of the screen. Participants were asked to read these numbers out loud 

immediately after they appeared on the screen. Each trial ended with a sound, 

which was a markedly distinctive one from the stimulus beeps. 

         After each trial, participants were asked to provide their judgments on the 

speed of time passage (How fast did time pass when you were doing this trial?) 

on a 9-point scale (from 1-very slowly to 9-very fast). Moreover, duration 

judgments were also included as a dependent variable. Participants were asked to 
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provide their judgments on duration (How long do you think this trial lasted?) by 

writing down the number of seconds they thought the trial had taken as 

accurately as possible.  

 

3.2.2  Results 

 

Mean responses were calculated by averaging the responses to the two 

trials of the same condition. Repeated measures analyses of variance were 

conducted for each DV (i.e., judgments of the speed of time passage and 

duration judgments) with number of stimuli and presentation speed of stimuli as 

the two independent variables.  

 

Judgments of the speed of time passage 

The effect of number of stimuli on judgments of the speed of time 

passage was found significant, F (1, 42) = 23.28, p < .001, ηp
2 = .36, 95% CI [-

1.21, - .50], showing that time was judged as passing faster when more stimuli 

were presented (M30 = 4.15, SD = .17; M60 = 5.00, SD = .21). The main effect of 

presentation frequency of stimuli was also found significant, F (1, 42) = 6.28, p 

= .016, ηp
2 = .13, 95% CI [-.75, -.08], revealing that participants perceived time 

as passing by faster when stimuli were presented at the same frquency (M same = 

4.78, SD = .19) than when they were in different frequencies (M different = 4.37, 

SD = .19). As stimuli in the same frequency condition were presented at a higher 

frequency (3.33 Hz) than those presented in the different frequencies conditions 

(1.18 Hz and 0.59 Hz) this findings provide evidence that presentation frequency 

is also a direct cue to the speed of time passage. The higher the presentation 

frequency, the faster time seems to pass by. 

Moreover, the interaction between the number of stimuli and presentation 

frequency was found to be significant, F (1, 42) = 4.84, p = .033, ηp
2= .10. 

Simple contrasts show, however, that the effects of number of stimuli holds 
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across all frequency conditions, but the effect was bigger when stimuli were 

presented at different frequencies mean difference (30-60) = -1.15, p < .001, 95% 

CI [-1.59, -.71] than when stimuli were presented at the frequency, mean 

difference (30-60) = -0.56, p = .018, 95% CI [-1.02, -.10]. 

 

Duration judgments 

Neither main effects of number of stimuli or presentation type nor the 

interaction between them were found significant on duration judgments, all 

ps > .10. 

 

3.2.3  Discussion  

 

In this experiment, we presented different numbers of stimuli either at 

different or at the same presentation frequency in order to control for the 

potentially confounding influence of presentation frequency on experienced time 

passage. And in fact, we found two independent effects. On the one hand, we 

replicated our earlier finding that the more information is presented, the faster 

time seems to pass by. On the other hand, we also find that information that is 

presented at a higher frequency (i.e., faster) also leads to experiences of faster 

time passage. Hence, these  results back up our earlier results by showing that 

these were not solely driven by presentation frequency. Even though 

presentation frequency and number of stimuli were confounded, both factors 

contribute independently to judgments of the speed of time passage. 

In order to replicate the finding that presentation frequency influences the 

experience of time passage, we conducted Experiment 2, in which we 

manipulated differences in frequency in a more straightforward manner. 

 

3.3  Experiment 2 
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3.3.1  Method  

 

Design and Participants.   A 2 (presentation frequency of stimuli: low vs. high) 

* 2 (number of stimuli: few vs. many) within-subjects design was used. 34 

participants (age M = 20.65, SD = 3.12; 18 males) were recruited from Utrecht 

University in exchange for course credit or monetary reward.  

 

Materials and Procedure.   The same type of stimuli were used as in 

Experiment 1. 30 and 60 stimuli were presented in 10 chunks across 51 s, with 3 

stimuli and 6 stimuli in each chunk, respectively (see Fig. 2). The high 

presentation frequency was controlled with between-stimuli intervals in chunks 

being 200 ms (i.e., 5 Hz), and the low presentation frequency was controlled 

with between-stimuli intervals in chunks being 400 ms (i.e., 2.5 Hz). This time, 

the 10 chunks in each condition were randomly distributed across the 51 s in 

order to rule out an effect of the different intertribal intervals (i.e., pauses). 

 

 
  

Figure 2 Illustration of the stimuli presentation in Experiment 2 

 

Two trials were presented for each condition. In total, participants were 

randomly presented with 8 experimental trials. Two preliminary intervals of 30 s 

were given as practice trials. 30 stimuli were presented in 10 chunks with 

between-stimuli intervals being 300 ms (i.e., 3.33 Hz). Chunks were distributed 

regularly in one trial and randomly in the other trial. As for the rest we 

implemented the same procedure as in Experiment 1. After each trial, 
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participants were asked to answer the questions about the speed of time passage 

and duration as in Experiment 1. 

 

3.3.2  Results 

 

Mean responses of DVs were calculated by averaging responses to the 

two trials of the same condition. Repeated measures analyses of variance were 

conducted for each DV (i.e., judgments of the speed of time passage and 

duration judgments) with presentation frequency and number of stimuli as the 

two independent variables.  

 

Judgments of the speed of time passage 

The main effect of presentation frequency of stimuli was found 

significant on judgments of the speed of time passage, F (1, 33) = 18.55, p 

< .001, ηp
2= .36, 95% CI [.40, 1.12], showing that time was judged as passing 

faster when stimuli were presented at a higher frequencies (Mhigh  = 5.00, SD 

= .24; Mlow = 4.25, SD = .20). The main effect of number of stimuli was also 

significant, F (1, 33) = 7.79, p = .009, ηp
2= .19, 95% CI [-1.03, -.16], showing 

that time was judged as passing faster when more stimuli were presented (M30 = 

4.33, SD = .22; M60 =4.93, SD = .23). No interaction was found between 

presentation speed of stimuli and number of stimuli on judgments of the speed of 

time passing, F < 1. 

 

Duration judgments 

The main effect of presentation speed of stimuli was found to be 

significant on duration judgments, F (1, 33) = 9.43, p = .004, ηp
2 = .22, 95% CI 

[2.17, 10.70], showing that time was judged as shorter when stimuli were 

presented at a high speed (M high  = 42.29, SD = 3.86; M low = 48.73, SD = 5.41). 

Neither the main effect of number of stimuli nor the interaction between 
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presentation speed of stimuli and number of stimuli was found significant on 

duration judgments, Fs < 1. 

 

3.3.3  Discussion 

 

Again we found two independent effects. On the one hand, we once more 

replicated our basic effect that the sheer number of stimuli being presented affect 

the experience of time passage: The more non-temporal information is being 

presented, the faster time seems to pass by. On the other hand, we also show that 

the frequency at which information is being presented can also be used as a 

direct cue to the experience of time passage. The denser (i.e., higher frequency) 

the information comes in, the faster people think time passes by. 

          Moreover, we found that, similar to Experiment 1, duration judgments 

were not influenced by our number of stimuli manipulation. However, this time, 

duration judgments were found to be shorter when stimuli were presented at 

higher frequencies. Interestingly, this finding is inconsistent with previous 

findings indicating that faster moving stimuli increase duration judgments 

(Kanai, Paffen, Hogendoorn, & Verstraten, 2006; Kaneko & Murakami, 2009). 

These previous findings were usually explained by the change model (Fraisse, 

1963). According to the change model, experiencing more changes would 

prolong duration judgments; so when stimuli were moving faster, they induced 

more changes, time was therefore judged as longer. In the current research, 

however, although stimuli were presented with different speeds, no changes 

happened during the presentation — the same stimuli always appeared at the 

same place. This might result in that we didn’t find the increasing pattern of 

duration judgments with faster presented stimuli. 

The current finding of decreasing pattern of duration judgments with 

faster presented stimuli is in line with attentional models. Usually, faster stimuli 

catch more attention, and, therefore, when stimuli were presented faster, more 
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attention was paid to non-temporal information and less attention was paid to 

temporal information, so time was judged as shorter. However, future research 

needs to test these speculations more carefully. 

Even though Experiments 1 and 2 show that our previous findings were 

also driven by different presentation frequencies, taken together, they once more 

point to the general role of attention: The more attention is paid to non-temporal 

information, the faster time seems to pass by. However, up to now, this 

conclusion can only be drawn under the presupposition that participants are 

provided with a reference frame. Stated differently, up to now, we, along many 

others, manipulated all our variables exclusively in within participants designs. 

But does the number of stimuli still play a role when we take away such a 

reference frame? Experiment 3 was designed to investigate this question. 

Specifically, in order to test the role of attention in judging the speed of time 

passage when comparison is not available, besides number of stimuli, we also 

included another factor that could influence attention allocation — presentation 

regularity of stimuli. When stimuli are presented irregularly, they should attract 

more attention than regularly presented stimuli. Taken together, it was expected 

that time would be judged as passing by faster when more stimuli were presented 

and when stimuli were irregularly presented. However, if this attentional model 

relies on a comparison frame, these effects would not be expected to appear 

when the comparison frame was removed. 

 

3.4   Experiment 3 

 

3.4.1  Method  

 

Participants and Design.   A 2 (number of stimuli: 30 vs. 60) * 2 (presentation 

regularity of stimuli: regularly vs. irregularly) between-participants design was 

used. 164 (age M = 21.01, SD = 3.40; 59 males) participants were recruited from 
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Utrecht University, with 41 participants in each condition. They received either 

course credit or money as rewards.  

 

Materials and Procedure.  The same type of stimuli as in Experiment 1 and 2 

were used in Experiment 3. In each trial, 30 or 60 stimuli were presented 

regularly (i.e., at regular between-stimuli intervals) or irregularly (i.e., at 

irregular between-stimuli intervals) in a fixed duration of 51 s. The trial in each 

condition was presented twice to each participant. Two additional trials of 30 s 

with 30 stimuli were given as practice trials. The stimuli in practice trials were of 

the same type as those in experimental trials. They were presented regularly in 

one trial and irregularly in the other. The same procedure and questions after 

each trial were applied to Experiment 3 as that in Experiment 1 and 2.  

 

3.4.2   Results 

 

A 2 (number of stimuli) by 2 (presentation regularity of stimuli) analysis 

of variance was conducted for each DV (i.e., judgments of the speed of time and 

duration judgments) with number of stimuli and presentation regularity of 

stimuli as two independent variables. 

Judgments of the speed of time passage 

A main effect of presentation regularity of stimuli was found on 

judgments of the speed of time passage, F (1, 160) = 5.58, p = .019, ηp
2 =  .034, 

95% CI [-1.20, -.11], showing that time was judged as passing faster when 

stimuli were presented irregularly (Mregular = 4.35, SD = .20; Mirregular =5.01, SD 

= .20). Although it seemed that time was judged as passing faster when more 

stimuli were presented (M30 = 4.56, SD = .20; M60 = 4.81, SD = .20), this 

difference was not significant, F < 1. The interaction between presentation 

regularity of stimuli and number of stimuli was not significant on judgments of 

the speed of time passage, F < 1. 
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Duration judgments 

A trend of presentation regularity of stimuli was found on duration 

judgments, F (1, 160) = 2.78, p = .098, ηp
2 = .017, 95% CI [-.83, 9.77], showing 

that time was judged as longer when stimuli were presented regularly (Mregular = 

47.97, SD = 1.90; Mirregular = 43.50, SD = 1.90). Neither the main effect of 

number of stimuli nor the interaction between number of stimuli and 

presentation type of stimuli was found significant on duration judgments, Fs < 1. 

The weak effect of presentation type of stimuli on duration judgments supported 

the attentional model on duration judgments. When stimuli were presented 

irregularly, they attracted more attention, and less attention was paid to temporal 

information, therefore time was judged as shorter.  

 

3.4.3  Discussion 

 

In this experiment, we aimed to examine if the role of attention in judging 

the speed of time passage that was found in Li et al’s (under review) research is 

only effective if people are provided with a reference of comparison. Therefore, 

the present research was conducted without such a reference frame, in a 

between-subjects design. To manipulate attention allocation, besides the number 

of stimuli that was also previously used in Li et al’s research, we also 

manipulated the regularity at which stimuli were presented. We reasoned, and 

found that irregularly presented stimuli should attract more attention and thus be 

associated with time passing by fast. 

Whereas we were able to find the latter effect in the present study, the 

typical “number-effect” disappeared. Without a comparison frame (i.e., in a 

between participants design) the sheer number of presented information did not 

affect the experience of how fast time seems to pass by. On the basis of the 

present data we can only speculate why this is the case. One possibility would be 

the influence of number of stimuli on attention allocation is more relative and 
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depends more on comparison, whereas the influence of presentation regularity of 

stimuli on attention allocation is more absolute and depends less on comparison. 

However, future research needs to be conducted to test this speculation. 

 

3.5  General Discussion 

 

The present research aimed to disentangle the roles of presentation speed 

or frequency of stimuli and comparison frame from the role of attention in the 

processes of judging the speed of time passage. Specifically, two questions were 

brought to our interest. One question was that in Li et al’s research (under 

review), time was judged as passing faster when more stimuli were presented; 

however, as the stimuli were presented regularly in this research, when more 

stimuli were presented, they were also presented faster. Does the presentation 

speed of stimuli thus also play a role in judging the speed of time? The other 

question was that if people could still make judgments about the speed of time 

passage based on attentional processes when doing so in a rather absolute 

manner (i.e., without a reference frame as provided in a within participants 

design). 

To answer the first question, we manipulated the presentation frequency 

of stimuli in the first two experiments. In Experiment 1, we found the number 

effect to prevail over the manipulation of presentation frequency. In fact, we 

found both presentation frequency and number of stimuli to independently affect 

the judgments of the speed of time passage. The same holds true for the different 

(and cleaner) setup we used in Experiment 2: Even if the only difference 

between conditions was the either frequency or number did we find two 

independent effects. 

Taken together, these results do not only strengthen the argument we 

brought forth earlier, but do they also generalize our reasoning: Whatever it may 

be that attracts attention, the sheer number of information or the frequency at 
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which the information is being presented, it may help people to judge how fast 

time is passing by. Moreover, if there is more detailed information in a cue, like 

for instance presentation frequency being also a direct cue to speed, people will 

also use this information in their judgments. 

In a comparable manner, we also found the regularity of presentation to 

affect the judgment of time passage. Irregular stimuli that are presumably more 

attention grabbing made time seem to pass by faster, even in a between 

participants design. The latter was used in Experiment 3, originally in order to 

see how important a reference point is to what we have found. As results of 

Experiment 3 show, such a reference point seems to be extremely important, as 

we see our typical results disappear with the comparison frame disappearing. 

At first sight, this seems to be a big problem, not only towards the results 

of the present study but also to the generalizability of our previous experiments: 

Are our findings nothing more than an artifact of the design we implemented? 

We do not think so but rather see this fact as an important (natural) moderator: 

Time passage is a relative judgment by nature! Whenever we judge how fast an 

event is passing by, we do so in comparison to the same event a couple of days 

earlier or something alike. What we then do is looking for potential differences 

that helped us decide which of the two events passed by faster. Stated differently, 

we would even go thus far as to state that over and above replicating our 

previous findings, our present findings provide initial support for the notion that 

judgments of the speed of time passage are relative by nature. That is, people 

need to have a standard of comparison in order to judge the speed of time in a 

meaningful way. 
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Abstract 

 

Two experiments are reported examining the influence of the unpredictability of 

events occurring within a time frame. We predicted and found that if the 

occurrence of an event is unpredictable then time will be judged to be passing 

faster compared to the same events that are in predictable temporal intervals 

during the same time interval.  In the second experiment, we examined the effect 

of event sequences whereby the content of an event was manipulated. Again, we 

predicted and found that when the content of an event changes from event 

occurrence to event occurrence then time will be judged to be passing faster. The 

implications of these findings are discussed.  
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4.1  Introduction 

 

The subjectively experienced speed of time passage has not been much 

researched. Some early studies (e.g., Janet, 1877, Benford, 1944) have addressed 

the speed of time passage as a function of age, suggesting that time is perceived 

to pass faster with age (e.g., Fraisse, 1963, Gallant, Fidler, & Dawson, 1991; 

Lemlich, 1975), a point asserted by William James (1890) for whom time stood 

central for psychology. Indeed, it has been suggested that time is perceived to 

pass faster when we are in a happy state or anticipating an impending negative 

event (e.g., Reichenbach & Mathers, 1959). Other research by Feifel (1957) and 

Surwillo (1964) revealed that how time is filled influences the rate at which time 

is perceived to pass. More recently, Makin and colleagues (2012) demonstrated 

that auditory click trains increased velocity estimates. Our experience of time 

and the speed with which we experience the passage of time is strongly shaped 

by the events that take place during a time frame.  Indeed, the more events that 

take place within a fixed time frame the faster we perceive time passing (Li, 

Häfner, Garrido, Gallucci, & Semin, under review; Li, Häfner, & Semin, 

manuscript). As we have argued (Li et al., under review), events taking place 

within a time frame distract from the monotony of uneventful time frame and an 

increase in the number of events within any given time interval leads us to 

perceive time as passing faster. If it is the case that the occurrence of events 

within a given time frame leads us to a perceive time as passing faster, then other 

features of such events occurring within a time frame could also contribute to 

this phenomenon. On the other hand, there are arguments (e.g., Arstila, 2012) 

that time is perceived to slow down during accidents, although the evidence 

seems to be primarily anecdotal.  

The feature we investigated in the two studies reported here were the 

unpredictability events occurring within a time frame and their contribution to 

the perceived speed of time passage. Unpredictability of an event can take two 
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forms, namely, the ‘when’ and ‘what’ of an event. The former, to which we refer 

as temporal unpredictability, is when some events occur at unexpected points of 

time. The latter, to which we refer to as content unpredictability, is the 

occurrence of events that are unexpected. The two studies reported here 

investigate the effects of these two types of unpredictability upon the perceived 

speed of time passage. These particular features of events that occur during a 

time frame have, to our knowledge, not been investigated in the literature on the 

perceived speed with which time passes. The current contribution consists of two 

experiments that separately investigate the influence of temporal unpredictability 

(Experiment 1) and unpredictability (Experiment 2) on people’s perception of 

the speed of time passage. 

Perception of the speed of time passage is a subjective feeling about how 

fast time is passing. Previous research has shown that it can be systematically 

influenced by factors such as the amount of information during a fixed interval 

or how fast the information is presented. Time was shown to be judged as 

passing faster if more information is presented within a fixed time frame or when 

the information is presented faster (Li et al., under review; Li et al., manuscript). 

An attentional model on judgments of the speed of time passage has been 

proposed to explain the underlying processes of perceiving the speed of time 

passage. According to this model, people’s attention is divided between non-

temporal information (i.e., time-unrelated tasks) and temporal information. 

Judgments of the speed of time passage depend on how much attention is paid to 

temporal information: the less attention is paid to temporal information, the 

faster time is perceived as passing. The allocation of attention to temporal 

information varies with the allocation of attention to non-temporal information. 

The more attention is given to non-temporal information, the less attention is 

allocated to the temporal information. Accordingly, in the present research, we 

examined the hypothesis that when events become unpredictable, then they are 

expected to absorb attentional resources by detracting from the normal flow of 
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time. Unpredictable events absorb attentional resources and thus detract from 

temporal information.  This leads participants to judge time as passing faster 

during time frame frames, which contain unpredictable events.  

In addition to judgments of the speed of time passage, we also examined 

how unpredictability affects duration judgments (i.e., judgments about how long 

time lasted). Subjective judgments of duration have long been a central variable 

in research on the subjective perception of time (see Allman, Teki, Griffiths, & 

Meck, 2014). Similarly to the research on the judgments of the speed of time 

passage, attention has also been argued to play an important role in judging 

duration. Time has been shown to be judged as lasting longer when more 

attention is paid to temporal information. This argument has been supported by 

research on duration judgments (Block & Zakay, 1996; Brown, 1997; 

Frankenhauser, 1959; Macar, 1994; Priestly, 1968; Zakay, Nitzan, & Glicksohn, 

1983). This set of findings would support the hypothesis that duration of a 

temporal event would be judged as shorter in an unpredictable situation – since 

unpredictability would be expected to detract from the flow of time. 

Nevertheless, previous research has shown that people judge the duration of an 

event as loner when an oddball longer occurs than repeated stimuli (Avni-Babad, 

& Ritov, 2003; Pariyadath & Eagleman, 2007; Schindel, Rowlands, & Arnold, 

2011; Tse, Intriligator, Rivest, & Cavanagh, 2004; Ulrich, Nitschke, & 

Rammsayer, 2006).  These findings would suggest that unpredictable stimuli are 

judged as longer than predictable stimuli. In the two studies reported below we 

examine the influence of unpredicted events on duration judgments.  

 

4.2  Experiment 1: The influence of temporal unpredictability on judgments 

of the speed of time passage 

 

The first experiment controlled for the temporal predictability of events 

by presenting the same stimuli at regular and irregular intervals within a time 
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frame. In the control condition, the stimuli (events) were predictable. In other 

words, they were presented at fixed temporal intervals. In contrast, in the 

unpredictable condition, the same stimuli were presented at irregular intervals 

making it impossible to predict when an event would occur. We expected that 

time would be judged as passing faster when the same stimuli were presented at 

irregular intervals. Additionally, we also controlled for the number of stimuli in 

order to have a more generalized observation of the effect of temporal 

unpredictability on judgments of the speed of time passage. Previous research 

has found that time is judged as passing faster when more stimuli are presented 

(Li et al., under review; Li et al., manuscript). We expected the same effect in 

this experiment. The resulting design was a 2 (temporal predictability: 

predictable vs. unpredictable) * 2 (number of stimuli: few vs. many) within-

subjects design. 

 

4.2.1  Method 

 

Participants.   85 participants were recruited at Utrecht University. If 

participants missed two or more duration judgments then they were considered 

as inattentive and eliminated from the data analyses. Two participants were 

excluded from the data analyses. The analyses were based on the data from the 

remaining 83 participants (age M  = 21.90, SD = 3.74; 35 males). 

 

Procedure.    Stimulus presentation: 30 or 60 stimuli were presented at regular 

(predictable) or irregular intervals (unpredictable) in a fixed duration of 51 s. 

The stimuli consisted of synchronized beeps delivered by headphones and circles 

in the center of the computer screen. The duration of each stimulus was 100 ms.. 

Two trials were presented for each of the conditions condition resulting in 8 

experimental trials. The predictable trials and unpredictable trials were divided 

into two blocks, and the sequence of the blocks were counterbalanced between 
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subjects — half of the participants had the predictable trials first and the other 

half of the participants had unpredictable trials first. The trials in each block 

were randomly presented. The main part of the experiment was preceded by two 

trials of 30 s with 30 stimuli each. These constituted the practice trials. The 

stimuli in the practice trials were identical to those presented in the experimental 

trials. In one trial they were presented at regular intervals and at irregular 

intervals in the other. 

Participants were told the goal of the study was to investigate attention 

processes. They were informed that they would hear beeps from headphones and 

watch circles in the center of computer screen simultaneously. Participants 

pressed the space bar to start each trial. To prevent participants from simply 

using a counting strategy to estimate a trial’s duration, they were also visually 

presented with two three-digit numerals at random temporal intervals at the 

bottom of the screen. Participants were asked to read these numerals out loud 

immediately after they appeared on the screen. Each trial ended with a sound, 

which was a markedly distinctive one from the stimulus beeps. 

After each trial, participants were asked to give their judgments on the 

speed of time passage (How fast did time pass when you were doing this trial?) 

and on duration (How long do you think this trial lasted?). The judgments of the 

speed of time were given on a 9-point scale (from 1-very slowly to 9-very fast), 

and duration judgments were given by writing down the number of seconds as 

accurately as possible. 

 

4.2.2  Results 

 

Repeated measures analyses of variance were conducted for each DV (i.e., 

judgments of the speed of time passage and duration judgments) with temporal 

predictability and number of stimuli as the two within-subject factors. 
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Judgments of the speed of time passage 

A main effect of temporal predictability was found on judgments of the 

speed of time passage, F (1, 82) = 4.96, p = .030, ηp
2 = .057, 95% CI [-.60, -.03], 

showing that time was judged as passing faster in the unpredictable presentation 

of stimuli condition (M unpredictable =4.49, SD = .16) than the predictable condition 

(M predictable = 4.17, SD = .16;). The effect of number of stimuli was also found 

significant on judgments of the speed of time passage, F (1, 82) = 34.50, p 

< .001, ηp
2 = .30, 95% CI [-.97, -.48], showing that time was judged as passing 

faster when more stimuli were presented (M30 = 3.96, SD = .15; M60 =4.69, SD 

= .16). In addition, a significant interaction between temporal predictability and 

number of stimuli was found, F (1, 82)= 16.93, p < .001, ηp
2= .17. Simple 

analysis showed that time was judged as passing faster in the unpredictable 

condition when there were only 30 stimuli (mean difference (regular-irregular) = -.72, 

p < .001) but not in the 60 stimuli condition (mean difference (regular-irregular) = .090, 

p > .10).  

 

Duration judgments 

No main effects of temporal predictability or number of stimuli were found 

for duration judgments. Whereas the interaction between temporal predictability 

and number of stimuli was significant, F (1, 82) = 4.29, p = .042, ηp
2 = .050, 

simple analyses did not reveal any significant effects.  

 

4.2.3  Discussion 

 

Our first study revealed that participants judged time as passing faster 

when the events occurred in a temporally unpredictable sequence. This finding 

confirmed our hypothesis that time is judged as passing faster with the 

experience of unpredictability, and supported the attentional model on judgments 

of the speed of time passage. Compared to predictable sequences of stimulus 
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presentation, unpredictable presentations of stimuli are assumed to attract more 

attention, depleting the attention paid to temporal information. Thus, time was 

judged as passing faster. Aside from that, we also found an effect of number of 

stimuli on judgments of the speed with which time is perceived to pass. When 

more stimuli were presented then time was judged as passing faster. This result 

is consistent with previous findings (Li et al., under review; Li et al., manuscript) 

supporting the attentional model on judgments of the speed of time passage. 

Increased number of stimuli attracts more attention depleting the attention paid 

to temporal information. Thus, time was judged as passing faster. 

Interestingly, the effect of temporal predictability was only observed 

when there were few stimuli in the presentations. It is likely that with few stimuli 

in a presentation, irregularity becomes more pronounced and more distracting, 

whereas a high number of stimuli in the same fixed temporal interval take away 

the irregularity or unpredictability of the stimuli. 

Surprisingly, we did not find any effects of temporal unpredictability on 

duration judgments. Although earlier research has shown that unpredictability 

leads to longer duration judgments (Ornstein, 1969; Thomas & Brown, 1974) the 

results of the present experiment did not show any indication of such an effect. 

This is inconsistent with the finding that the oddball stimulus is judged as lasting 

longer than repeated stimuli or the attentional model on duration judgments. It is 

possible that when participants are presented with a series of temporally 

unpredictable stimuli instead of a single unpredictable stimulus, then their 

attention stays focused on the single unpredicted event for a longer time and 

consequently they judge the duration overall as longer. This reasoning converges 

with the argument (e.g., Arstila, 2012) that time is perceived to slow down 

during accidents – a typical oddball stimulus condition. 

 

4.3   Experiment 2:  How content unpredictability influences judgments of 

the speed of time passage 
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The second experiment addressed the question of how the speed of time 

passage is judged as a function of content unpredictability, namely the 

occurrence of events in a specific temporal frame that are unexpected. Similar to 

temporal unpredictability, we hypothesized that people would perceive time as 

passing faster with content unpredictability than content predictability. We 

manipulated content predictability by sequentially presenting either the same 

stimuli or different stimuli. When the same stimuli were presented, participants 

always knew what next stimulus would be (i.e., predictable content). In contrast, 

when different stimuli were presented, participants did not know what next 

stimulus would be (i.e., unpredictable content). Additionally, we also 

manipulated the number of stimuli. Although we found that the number of 

stimuli moderated the effect of temporal unpredictability on judgments of the 

speed of time passage, we reasoned that the number of stimuli would not 

influence the effect of content unpredictability on judgments of the speed of time 

passage. This is because even when many stimuli are presented, unpredictable 

stimulus content sequences present more salient differences compared to 

temporal unpredictability of the same stimulus sequences. Indeed, the higher the 

number of temporally unpredictable events that occur within the same temporal 

interval the less the unpredictability becomes salient. This however does not 

apply in the case of stimuli, which differ from one moment in time to another. 

This is expected to attract more attention and thus predicted to lead to a 

perceived increase in the speed of time passage. The resulting experiment 

consisted of a 2 (content predictability: predictable vs. unpredictable) * 2 

(number of stimuli: 30 vs. 60) within-subjects design. 

 

4.3.1  Methods 
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Participants.   56 participants (age M= 20.73, SD = 2.53; 15 males) were 

recruited from Utrecht University. They participated for course credit or a 

monetary reward. 

 

Procedure.    Synchronized beeps via headphone and circles in the center of the 

monitor were used as stimuli; the duration of each stimulus was 100 ms.; 30 or 

60 stimuli were presented to participants for 51 s at regular intervals; the pitch of 

beeps and color of circles stayed the same in the predictable condition and 

changed in random patterns in the unpredictable condition. The trial of each 

condition was presented twice and distributed across two blocks. In total, 

participants were presented 8 experimental trials. In each block, trials were 

randomly presented. Two practice trials preceded the main experimental session 

and were of 30 s duration. The stimuli in the practice trials were of the same 

types as those in experimental trials – one was with the same stimuli, and the 

other was with different stimuli.  

The same procedure as Experiment 1 was used in Experiment 2. After 

each trial, participants were asked to answer the same questions regarding the 

speed of time passage and duration as in Experiment 1. 

 

4.3.2  Results 

 

Repeated measures analyses of variance were conducted for each DV (i.e., 

judgments of the speed of time passage and duration judgments) with content 

predictability and number of stimuli as two within-subject factors. 

 

Judgments of the speed of time passage 

The main effect of content predictability on judgments of the speed of 

time passage was found significant, F (1, 55) = 4.81, p = .033, ηp
2 = .080, 95% 

CI [.025, .547], showing that time was judged as passing faster with 
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unpredictable stimuli (M predictable = 4.84, SD = .18; M unpredictable = 5.13, SD = .19). 

The main effect of number of stimuli was also found significant, F (1, 55) = 

74.08, p < .001, ηp
2 = .57, 95% CI [1.178, 1.893], showing that time was judged 

as passing faster when more stimuli were presented (M30 = 4.22, SD = .20; M60 

=5.75, SD = .19). No interaction was found between content predictability and 

number of stimuli on judgments of the speed of time passage, F < 1. 

 

Duration judgments 

Neither the main effect of content predictability, the main effect for the 

number of stimuli, nor the interaction between them was found to be significant 

on duration judgments, ps > .10. It was the same pattern of results as in 

Experiment 1. 

 

4.3.3  Discussion 

 

As in Experiment 1, we found both the effects of unpredictability and 

number of stimuli on judgments of the speed of time passage. When participants 

experienced unpredictable stimuli, they perceived time as passing faster. This is 

consistent with our hypothesis that time is perceived to be faster with 

unpredictability, and is also congruent with the attention model on judgments of 

the speed of time passing — when different stimuli were presented, more 

attention was attracted to the changing of stimuli and less attention was paid to 

time passage. Therefore, time was judged to be passing faster. In addition, as we 

expected, this effect was not moderated by the number of stimuli, which 

supported our hypothesis that different from temporal unpredictability, the effect 

of content unpredictability on judgments of the speed of time passage was not 

affected by the number of stimuli. 

 

4.4  General discussion 
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The present line of research was designed to investigate how 

unpredictability would influence the people’s judgments of the speed of time 

passage. We hypothesized that time would be judged as passing faster when 

people experienced unpredictability. We investigated two types of 

unpredictability, namely temporal unpredictability and content unpredictability 

on judgments of the speed of time passage, respectively in Experiment 1 and 

Experiment 2. In Experiment 1, we manipulated temporal predictability by 

presenting stimuli at regular and irregular intervals. In Experiment 2, we 

manipulated content predictability by varying the type of stimuli sequentially. In 

both experiments, we found that time was judged as passing faster in the 

unpredictable conditions. Particularly, in Experiment 1, we also found this effect 

was moderated by the number of stimuli — it only appeared when there were 

few stimuli. 

The present findings provide new evidence on a factor that has a major 

contributory role to play in shaping judgments of the passage of time.  

Unpredictable features in a person’s ecology are very likely to play an important 

role in their perception of how fast time passes, and this finding can find a wide 

range of applications in a marketing world, such as advertising for cars where 

speed is often regarded as an important factor in buying decisions, particularly 

by male consumers.  

Another interesting finding of this research is that temporal 

unpredictability and content unpredictability showed different effects on 

judgments of the speed of time passage by the influence of the number of stimuli. 

In Experiment 1, we found that only when there were few stimuli was time was 

judged as passing faster in the temporally unpredictable condition. When there 

were many stimuli, there was no difference on judgments of the speed of time 

passage between temporally predictable condition and temporally unpredictable 

condition. In contrast, in Experiment 2, we found that time was judged as 

passing faster in the unpredictable content condition regardless of the number of 
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stimuli. We argued that is likely that with few stimuli in a presentation, 

irregularity becomes more pronounced and more distracting when the 

unpredictable stimuli are the same, whereas a high number of stimuli in the same 

fixed temporal interval take away the irregularity or unpredictability of the 

stimuli. In contrast, with content unpredictability, the nature of the stimuli 

changes on each and every occasion irrespective of whether there are few or 

many stimuli within the same temporal interval. It is the continuous change or 

unpredictability both in terms of temporal intervals and the feature sof a stimulus 

that distracts by being attractive for the senses and makes people loose a sense of 

time and perceive time as passing fast.  

To conclude with a general observation: As the physicist E. Mach (1977) 

has noted: “it is utterly beyond our power to measure the changes of things by 

time. Quite the contrary, time is an abstraction, at which we arrive by means of 

the change of things”. The change can be in any form. For example, it can be 

external (e.g., seasonal cycle) or internal (e.g., breathing); it can be in long term 

(e.g., global warming) or in short term (e.g., boil water). These changes are 

reflections of time, and consist of our perception of the passing of time. In this 

research, we found that time was judged as passing faster when people 

experienced changes on both temporal intervals (Experiment 1) and stimuli 

themselves (Experiment2). These findings further strengthen the relation 

between the experience of change and time perception. 

In conclusion, life is full of unpredictability; compared to predictability, 

the experience of unpredictability leads people to different reactions, including 

people’s perception of the speed of time passage — time is perceived as passing 

faster when you don’t know the timing (when to happen) and the content (what 

to happen) of the next event. Basically, this faster perception of the passing of 

time results from the experience of change. It therefore also demonstrates that 

the experience of change is not only essential for people to perceive time, but 

also could influence people’s experience of the passing of time. 
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Abstract 

 

We examined the perceived speed of time passage as a function of horizontal 

movements (left-to-right vs. right-to-left). The hypothesis that movements from 

left to right within the same temporal duration of an event would lead to time 

being perceived as faster than right-to-left was confirmed in three experiments. 

This pattern was found to be a reliable but small effect in a meta-analysis. 

Experiments 2 and 3 were conducted to examine whether writing direction drove 

this phenomenon. The results obtained from Farsi writers in the Netherlands who 

were born in Iran (right-to-left) (Exp. 2) and priming participants with a mirror 

image reading procedure (Exp. 3) proved inconclusive. The possible reasons for 

the failure to find a reversal of the time-line driven perceived speed of time 

passage effect are discussed.  
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5.1  Introduction 

 

The concept of time eludes sensory experience even though we cannot 

touch, smell, or see it. This invites the question of how we represent time. 

Interestingly, looking at conceptions of time is examined across cultures reveals 

a consistent use of spatial representations to ground time. State differently, our 

language utilizes spatial terms when we refer to time related features, such as a 

meeting was too long, that New Year is around the corner, that the film had a 

short break, and so on. Indeed, our gestural references when talking about time 

are consistent with such a spatial representation. Hence, There seems to be a 

close relationship between time and space (Majid, Borooditsky, & Gaby, 2014). 

The question we addressed in the studies reported here was whether features of 

this close connection between space and time can affect our judgments of the 

speed of time passage.  

In fact, there is research showing that spatial information influences time 

perception with particular reference to duration judgments, namely judgments 

about how long an event lasted (e.g., Bottini & Casasanto, 2013; Casasanto & 

Boroditsky, 2008; Casasanto, Fotakopoulou, & Boroditsky, 2010). For instance, 

Casasanto and Boroditsky (2008) asked participants to judge the presentation 

duration of lines of various spatial lengths on the computer screen, and found 

that participants judged lines with longer length as lasting for longer.  

The connection with spatial gestures or gestures referring to space and 

their influence on time perception is another domain demonstrating the interface 

between time and space. For instance, Casasanto and Boroditsky (2008) 

presented participants with growing lines and moving dots, and found that a 

longer moving distance of growing lines and moving dots was judged as lasting 

for a longer duration even when the duration of the movements was the same. 

Another study by Blom and Semin (2013) showed that priming participants with 

hand arm movements (HAMs) led them to report a distant event they recalled as 
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closer in time if the HAMs were from the left to the right and more distant when 

the HAMs were from the right to the left. However, these two studies, to our 

knowledge, constitute exceptions, because there is not any other research on 

spatial movements and time perception. Although the spatial grounding of time 

(Lakoff & Johnson, 1999) can be noted in the everyday language we use when 

talking about time (Boroditsky, 2000; Boroditsky & Gaby, 2010; Boroditsky & 

Ramscar, 2002; Casasanto & Boroditsky, 2008; Matlock, Ramscar, & 

Boroditsky, 2005), its directionality seems to be influenced by writing direction 

(e.g., Boroditsky, 2001, 2011; Boroditsky, Fuhrman, & McCormick, 2010; Chan 

& Bergen, 2005). English speakers were faster in classifying events as having 

occurred “earlier” when they pressed a left compared to a right response key, 

Hebrew speakers, who write from right to left, were predicted and found to be 

faster in classifying earlier events with a right compared to a left response key 

(Fuhrman & Boroditsky, 2010). In line with these findings, a study on the 

relation between writing direction and classifying auditory presented time-

related words found that responses of Spanish and English participants (left-to-

right writing cultures) were faster to past (future) words with the left (right) hand, 

whereas the opposite held for Hebrew participants (Ouellet, Santiago, Israeli, & 

Gabay, 2010). Moreover, categorization of past and future words is faster when 

the key to be pressed and the position of the words on the screen are congruent 

with the left-to-right timeline (Santiago, Lupianez, Perez, & Funes, 2007). For 

instance, activating past or future words primes attention and motor responses to 

the left and right (Ouellet, Santiago, Funes, & Lupianez, 2010). In general, a 

spatial left-to-right mental timeline is thus commonly used in the West (Ouellet, 

et al., 2010; Weger & Pratt, 2008), where “the left” is associated with earlier 

times and “the right” with later times. 

This dovetails with research on how we process spatial movements and 

their influence on our judgments. A typical finding is that people show a left-to-

right bias at cognitive, social and neural levels. For example, research on 
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representation momentum suggests that people remember the moving distance of 

objects as further in their path of motion than the actual case (Freyd & Finke, 

1984; Hubbard, 2005), and this effect was found was to be stronger if the motion 

was from left to right (Halpern & Kelly, 1993). Maass and colleges found that 

people rated left-to-right actions as faster, more powerful and more beautiful 

than right-to-left actions (Maass, Pagani, & Berta, 2007). In the domain of time 

perception, it was found that people tended to project the past on the left and the 

future on the right (Santiago, Pérez, Lupiáñez, Funes, 2007), which suggests a 

flow of time from left to right.  

Extrapolating from these research areas and by combining it with the 

work on the spatial agency bias we developed specific hypotheses about the 

perceived speed of time passage. Spatial Agency Bias describes the tendency to 

associate targets … to specific spatial features in a visual representation 

according to the agency they express. Agency is defined from a cognitive point 

of view as the role of being the agent of an action and from a social point of view 

as the potential to act socially, often measured in terms of power or social status.” 

(Suitner and McManus, 2011, p. 280, in Schubert and Maass, 2011).  This bias is 

assumed to be driven by reading and writing experiences and these experiences 

are also regarded as the source of a left-to-right bias in cognition (Chatterjee, 

2011; Maass & Russo, 2003; Maass et al., 2007; Spalek & Hammad, 2005; 

Tversky, Kugelmass, & Winter, 1991). The evidence in favor of this (also 

cultural) bias comes mainly from cross-cultural research, which shows a 

reversed bias (right-to-left bias) in cultures where languages are written from 

right to left (e.g., Arabic, Hebrew). For example, Maass et al. (2007) found that 

with Arabic speakers’ right-to-left actions were judged as faster, more powerful 

and more beautiful. It was also found events that follow a temporal sequence 

(e.g., breakfast, lunch and dinner) were ordered in a rightward horizontal line by 

English speakers, but in a leftward horizontal line by Arabic speakers (Tversky 

et al., 1991). These findings suggest that people writing from the left to the right 
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are more likely to perceive time as passing faster when perceiving left-to-right 

movements than right-to-left movements, The reverse would be expected from 

people having a right to left writing culture. They would perceive time as passing 

faster with right-to-left movements than left-to-right movements.  

The current research was driven by these considerations and examined the 

following hypothesis. If participants are exposed to a left-to-right movement 

during a fixed temporal duration then they will perceive time as passing faster as 

compared to a no movement condition or, for that matter, a right to left 

movement during the same objective duration. In short, we hypothesized that 

people would judge time as passing faster when they experienced left-to-right 

movements than right-to-left movements. 

 

5.2  Experiment 1 

 

In the first experiment, we manipulated the direction in which a circle on 

the computer screen moved (left-to-right vs. right-to-left). We expected that time 

would be judged as passing faster if the circle moved from the left-to- the right 

rather than right-to-left movements. In addition, a static circle in the center of the 

computer screen was included as a baseline condition. We hypothesized that 

time would be judged as passing slower for the static circle than the moving 

circles. This hypothesis was derived from the attentional model on judgments of 

the speed of time passage (Li, Häfner, Garrido, Gallucci, & Semin, manuscript 

submitted for publication). According to this model, time is judged as passing 

faster when less attention is paid to temporal information. Aside from 

manipulating the direction of movements, we also manipulated the duration of 

movements (10 s, 15s, 20 s) to be able to generalize the possible effect of 

direction of movement on judgments of the speed of time passage. 

 

5.2.1  Method 
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Participants.   31 participants (M age = 22.32, SD = 4.25; 22 females) were 

recruited from Utrecht University in exchange for course credit or monetary 

rewards.  

 

Procedure.   A 3 (direction of movements: left-to-right vs. right-to-left vs. static) 

* 3 (duration of movements: 10 s, 15 s, 20 s) within-subjects design was utilized. 

In total, 9 experimental trials were presented to participants. In each trial, a circle 

was either moving from left to right or from right to left at a constant speed in a 

horizontal line across the center of the computer screen, or being static in the 

center of the computer screen; the movement or the static circle lasted for 10 s, 

15 s or 20 s on the computer screen. To create variety of movements, another 

two directions of movement: up-to-down and down-to-up were included as filler 

conditions. In each trial, a circle was moving at a constant speed in a vertical line 

across the center of the computer screen for 10 s, 15 s or 20 s. In total, 6 filler 

trials were presented. The filler trials were randomized with the 9 experimental 

trials during the presentation. In addition, to familiarize the participants with the 

task, five practice trials preceded the main trials. The circles in the five trials 

were presented in the five direction with different duration: from left to right, 

from right to left, from up to down, from down to up, and static for 10 s, 20 s, 15 

s, 20 s and 20 s, respectively. After each trial, participants were asked to indicate 

how fast they thought time was passing during the trial by answering the 

question: How fast do you think time was passing during this trial? Participants 

could indicate their answers on a 9-point scale (from 1-very slowly to 9-very fast). 
 

5.2.2  Results 

 

Repeated measures analyses of variance were conducted for judgments of 

the speed of time passage with direction of movements and duration of 

movements as two independent variables.  
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The effect of direction of movements on judgments of the speed of time 

passage was found to be significant, F (2, 60) = 10.57, p < .001, ηp
2 = .26, 

showing that time was judged as passing faster for the moving circles than for 

the static circles, and more importantly, time was judged as passing faster for the 

left-to-right movements than the right-to-left movements (M left-to-right = 5.13, SD 

= .20; M right-to-left = 4.71, SD = .21; M static =3.93, SD = .28). The main effect of 

duration of movements was also found to be significant for judgments of the 

speed of time passage, F (2, 60) = 90.69, p < .001, ηp
2 = .75, showing that time 

was judged as passing faster for shorter duration (M 10 s = 5.62, SD = .21; M 15 s = 

4.53, SD = .19; M 20 s = 3.61, SD = .17). The interaction between direction of 

movements and duration of movements was also found significant, F (4, 120) = 

3.67, p = .007, ηp
2 = .11. Simple analyses revealed that when the duration of 

movements was 10 s, time was judged as passing faster for the moving circles 

than the static circles, and time was judged as passing faster for the left-to-right 

movements than the right-to-left movements (M left-to-right = 6.32, SD = .26; M right-

to-left = 5.90, SD = .25; M static = 4.65, SD = .38); when the duration of movements 

was 15 s, time was judged as passing faster for the moving circles than the static 

circles, but no difference of judgments of the speed of time passage was found 

between the moving circles (M left-to-right = 5.10, SD = .22; M right-to-left = 4.65, SD 

= .24; M static =3.84, SD = .29); when the duration of movements was 20 s, time 

was judged as passing faster for the left-to-right movements than the right-to-left 

movements and static circles; no other difference on judgments of the speed of 

time passage was found (M left-to-right = 3.97, SD = .20; M right-to-left = 3.58, SD 

= .23; M static =3.29, SD = .27).  

 

5.2.3  Discussion 

 

As expected, we found that time was judged as passing faster with left-to-

right movements than right-to-left movements. This finding supported our 
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hypothesis that although spatial movements seemed to have no influence on 

duration judgments1, they could influence people’s judgments of the speed of 

time passage.  These findings support the idea that if the movement of an object 

(e.g., a circle in this case) is congruent with the cultural direction in which the 

spatial agency bias is anchored, then it is perceived as moving faster (which we 

did not measure, but assumed) thus influencing judgments of the speed of time 

passage.  In the following two experiments, we investigated the possible causes 

of this effect. 

 

5.3  Experiment 2 

 

In this experiment, we examined the possible role of reading and writing 

experiences in the effect that we found in Experiment 1. Previous research has 

attributed the left-to-right bias to reading and writing experiences, and showed 

that the left-to-right bias can be reversed with participants who read and write 

from right to left (Chatterjee, 2011; Maass & Russo, 2003; Maass et al., 2007; 

Spalek & Hammad, 2004; Tversky et al., 1991). Here, we examined if the left-

to-right bias on judgments of the speed of time passage would be influenced in 

participants who had right-to-left reading/writing experiences. Specifically, two 

manipulations were included. In one condition, similar to previous research, we 

recruited participants from the culture where people read and write from right to 

left (i.e., Persian speakers); in the other condition, we introduced the 

manipulation: mirror reading to induce right-to-left reading experiences to Dutch 

participants. This manipulation has been used by Casasanto and Bottini (2014) 

and found to be effective in reversing people’s mental timelines.  

 

5.3.1 Method 

                                            
1 We also conducted the same experiment with duration judgments as dependent variables. No effect 

of direction of movements was found on it.	  
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Participants.    97 participants (M age = 24.34, SD = 5.64; 43 females) were 

recruited from Utrecht University in exchange for course credit or monetary 

rewards, among which 66 participants were native Dutch speakers, and 31 

participants were Farsi speakers in the Netherlands who were born in Iran. Half 

of the Dutch participants (33) were in the standard condition where they had to 

read a text from left to right. The other half of Dutch participants were in the 

mirror reading condition where they had to read from right to left with mirror-

reversed letters. 

 

Procedure.    A 3 (direction of movements: left-to-right vs. right-to-left vs. static) 

* 3 (duration of movements: 10 s, 15 s, 20 s) * 3 (reading type: Dutch normal 

reading, Farsi reading, Dutch mirror reading) mixed design was used, with 

direction of movements and duration of movements as two within-subject factors 

and reading type as a between-subject factor. Three groups of participants were 

recruited. Each group of participants had to complete two tasks: the reading task 

and the time judgments task. In the reading task, participants were asked to read 

two texts that were selected in advance. The criteria for the selection of the texts 

were that their content was neutral as possible. One text was about safety 

practices during storms, and the other was about how to get a good sleep (see 

additional materials). In the Dutch, normal reading condition, and Farsi reading 

condition, the texts were presented in Dutch and Farsi, respectively; in the Dutch 

mirror reading condition, the texts were presented in Dutch but in a mirror-

reversed manner, therefore participants needed to read from right to left with 

mirror-reserved letters. After each text, participants were asked to recall what 

they had read and write them down on papers in the Dutch normal reading 

condition and Farsi reading condition. It was unreasonable to expect participants 

in the Dutch mirror reading condition to write in mirror-reversed manner. Instead 

they were asked to indicate if two statements about the text were true or false. 
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After the reading task, participants were asked to finish the same time judgments 

task as that in Experiment 1.  

 

5.3.2  Results 

 

Repeated measures analyses of variance were conducted for judgments of 

the speed of time passage with direction of movements and duration of 

movements as two within-subject variables and reading type as a between-

subject variable.  

 

Main effects 

The effect of direction of movements was found significant on judgments 

of the speed of time passage, F (2, 188) = 38.56, p < .001, ηp
2 = .29, showing 

that time was judged as passing faster for the moving circles than the static 

circles; moreover, time was judged as passing faster for the left-to-right 

movements than the right-to-left movements (M left-to-right = 4.55, SD = .13; M right-

to-left = 4.38, SD = .14; M static = 3.20, SD = .19). The main effect of duration of 

movements on judgments of the speed of time passage was also found significant, 

F (2, 188) =194.44, p < .001, ηp
2 = .67, showing that time was judged as passing 

faster for shorter duration than longer duration (M 10 s = 5.11, SD = .16; M 15 s = 

4.03, SD = .13; M 20 s = 3.00, SD = .12).  

 

Two-way interaction  

The interaction between direction of movement and reading type was 

found to be significant, F (4, 188) = 2.75, p = .030, ηp
2 = .055. Simple analysis 

showed that in the Dutch normal reading condition, time was judged as passing 

faster for the moving circles than the static circles, and no other difference was 

found (M left-to-right = 4.73, SD = .23; M right-to-left = 4.59, SD = .24; M static = 3.84, 

SD = .32); in the Farsi reading condition, time was judged as passing faster for 



 
CHAPTER 5  LEFT-TO-RIGHT MOVEMENTS 

 88 

the moving circles than the static circles, and no other difference was found (M 

left-to-right = 4.60, SD = .24; M right-to-left = 4.54, SD = .24; M static = 2.65, SD = .33); 

in the Dutch mirror reading condition, time was judged as passing faster for the 

moving circles than the static circles, and moreover, time was judged as passing 

faster for the left-to-right movements than the right-to-left movements (M left-to-

right = 4.31, SD = .23; M right-to-left = 4.02, SD = .24; M static = 3.12, SD = .32).  

The interaction between direction of movement and duration of 

movement was also found significant, F (4, 376) = 13.84, p < .001, ηp
2 = .13. 

Simple analysis revealed that when the duration of movements was 10 s, time 

was judged as passing faster for the moving circles than the static circles, and no 

other difference was found significant on judgments of the passing speed of time 

(M left-to-right = 5.80, SD = .17; M right-to-left = 5.65, SD = .18; M static = 3.87, SD 

= .25); when the duration of movements was 15 s, time was judged as passing 

faster for the moving circles than the static circles, and moreover, time was 

judged as passing faster for the left-to-right movements than the right-to-left 

movements (M left-to-right = 4.55, SD = .16; M right-to-left = 4.31, SD = .15; M static = 

3.23, SD = .21); when the duration of movement was 20 s, time was judged as 

passing faster for the moving circles than the static circles, and no other 

difference on judgments of the passing speed of time was found (M left-to-right = 

3.30, SD = .15; M right-to-left = 3.19, SD = .14; M static = 2.51, SD = .16).  

 

Three-way interaction 

The three-way interaction between direction of movements, duration of 

movements and reading type was found to be significant, F (8, 376) = 3.37, p 

= .001, ηp
2 = .067. Simple analysis showed that in the Dutch normal reading 

condition, when the duration of movements was 10 s, time was judged as passing 

faster for the moving circles than the static circles, and no other difference was 

found (M left-to-right = 5.76, SD = .28; M right-to-left = 5.58, SD = .30; Mstatic = 4.70, SD 

= .43); when the duration of movements was 15 s, time was judged as passing 
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faster for the moving circles than the static circles, and no other difference was 

found (M left-to-right = 4.76, SD = .27; M right-to-left = 4.76, SD = .26; M static = 3.61, 

SD = .36); when the duration of movements was 20 s, no difference was found 

on judgments of the speed of time passage between any conditions (M left-to-right = 

3.67, SD = .26; M right-to-left = 3.42, SD = .24; M static = 3.21, SD = .28). For the 

Farsi reading condition, when the duration was 10 s, time was judged as passing 

faster for the moving circles than the static circles, and no other difference was 

found (M left-to-right = 6.07, SD = .29; M right-to-left = 6.03, SD = .31; M static = 3.07, 

SD = .44); when the duration was 15 s, time was judged as passing faster for the 

moving circles than the static circles, and no other difference was found (M left-to-

right = 4.61, SD = .27; M right-to-left = 4.32, SD = .27; M static = 2.74, SD = .37); when 

the duration was 20 s, time was judged as passing faster for the moving circles 

than the static circles, and no other difference was found (M left-to-right = 3.13, SD 

= .27; M right-to-left = 3.26, SD = .25; M static = 2.13, SD = .29). For the Dutch mirror 

reading condition, when the duration of movements was 10 s, time was judged as 

passing faster for the moving circles than the static circles, and no other 

difference was found (M left-to-right = 5.58, SD = .28; M right-to-left = 5.33, SD = .30; 

M static = 3.85, SD = .43); when the duration of movements was 15 s, time was 

judged as passing faster for the left-to-right movements than the right-to-left 

movements and static circles, and no other difference was found (M left-to-right = 

4.27, SD = .27; M right-to-left = 3.85, SD = .26; M static = 3.33, SD = .36); when the 

duration of movements was 20 s, time was judged as passing faster for the 

moving circles than the static circles, and no other difference was found (M left-to-

right = 3.09, SD = .26; M right-to-left = 2.88, SD = .24; M static = 2.18, SD = .28).  

 

5.3.3  Discussion 

 

In this experiment, we aimed to examine if the left-to-right bias on 

judgments of the speed of time passage was influenced by reading and writing 
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experiences. Participants read either from left to right (Dutch normal reading) or 

from right to left (Farsi reading, Dutch mirror reading) in the experiment. It was 

found that Farsi speakers showed no bias when they judged the speed of time 

passage between left-to-right movements and right-to-left movements. This 

result was inconsistent with previous findings that the left-to-right bias is 

reversed in the culture where people read and write from right to left. It suggests 

that the observed left-to-right bias on judgments of the speed of time passage 

might be different from other left-to-right biases that have been shown by earlier 

research. Another explanation for this result would be that as we recruited Farsi 

speakers in the Netherlands who are experienced left-to-right readers and writers.  

It is therefore likely that the right-to-left bias induced by Farsi reading/writing 

and the left-to-right bias from English/Dutch reading/writing balanced each other 

out. Recruiting native Farsi speakers who have no experience with left-to-right 

reading and writing could test this possibility. 

Interestingly, it was found that Dutch speakers also showed the left-to-

right bias even when they were in the mirror reading condition, which suggests 

that right-to-left reading experience didn’t influence their judgments of the speed 

of time passage. Taken together the results from Farsi reading condition and 

Dutch mirror reading condition suggests that reading and writing experiences 

didn’t play a significant role in the observed left-to-right bias on judgments of 

the speed of time passage.  

 

5.4   Experiment 3 

 

In this experiment, we intended to further examine the role of mental 

timeline in the observed effect of spatial direction of movements on judgments 

of the speed of time passage. People’s mental timeline has been suggested by 

previous research to flow from left to right (Casasanto & Jasmin, 2012; Cienki, 

1998; Santiago et al., 2007; Tversky et al, 1991). If people’s mental timeline can 
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be reversed that an opposite effect could be observed. Thus, if people were to 

represent the past on the right and the future on the left with a more powerful 

manipulation than mirror writing as in the previous experiment (Casasanto & 

Bottini, 2014) then could the perceived difference in the perceived speed with 

which time passes be reversed? 

To this end, we primed participants with a categorization task where they 

were to categorize past-related words (e.g., yesterday) with the right response 

key and future related words (e.g., tomorrow) with a left response key. This 

manipulation was expected to reverse the mental timeline and thus reverse the 

findings we found in the first experiment. Movements of a circle from the right 

to the left instead of left to right were expected to lead to participants judging 

time in the former event as passing faster than the reverse. 

 

5.4.1 Method 

 

Participants.   149 participants (M age = 20.67, SD = 5.67; 64 males) were 

recruited from Utrecht University in exchange for course credit or monetary 

rewards, among which 50 participants were in the no priming condition, 49 

participants were in the left-past priming condition, and 50 participants were in 

the right-past priming condition. 

 

Procedure.   A 3 (direction of movements: left-to-right vs. right-to-left vs. static) 

* 3 (duration of movements: 10 s, 15 s, 20 s) * 3 (priming: no priming, left-past 

priming, right-past priming) mixed design was used, with direction of 

movements and duration of movements as two within-subject factors and 

priming as a between-subject factor. Participants were assigned to different 

priming conditions with a counterbalanced order. In the no priming condition, 

participants only finished the time judgments task; in the priming conditions, 

before the time judgments task, participants were asked to finish a lexical 
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categorization task. In the lexical categorization task, 15 past-related words and 

15 future-related words (see additional materials) were presented to participants 

one by one. Each word was presented twice. The order of the presentation of 

words was randomized.  

In the control condition, left key press was used for classifying past words 

and right key press for future words. In the left-past priming condition, 

participants were asked to press the left key (key Z in the keyboard) in response 

to the past-related words and the right key (key M in the keyboard) in response 

to the future-related words. In the right-past priming condition, participants had 

to press the right key in response to the past-related words and the left key in 

response to the future-related words. In the right-past priming condition the 

reverse was the case. 12 additional words (6 past-related words and 6 future-

related words) were presented as practice trials for participants.  

After the lexical categorization task, participants were asked to finish 

the time judgments task. In the time judgments task, the same 9 experimental 

trials as those in Experiment 1 were randomly presented to participants. After 

each trial, participants were asked to judge how fast they thought time was 

passing during the trial by answering the question: How fast do you think time 

was passing during this trial? Participants indicated their answers on a 9-point 

scale (from 1-very slowly to 9-very fast). 

 

5.4.2 Results 

 

Repeated measures analysis of variance was conducted for judgments of 

the speed of time passage with direction of movements and duration of 

movements as two within-subject variables and priming as a between-subject 

variable.  

The effect of direction of movements was found marginally significant on 

judgments of the speed of time passage, F (2, 292) = 2.55, p = .080, ηp
2 = .017, 
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showing that time was judged as passing faster for the left-to-right movements 

(M left-to-right = 3.92, SD = .11) than the right-to-left movements (M right-to-left = 3.80, 

SD = .11) and static circles (M static = 3.63, SD = .14); no other difference was 

found. The main effect of duration of movements was also found significant on 

judgments of the speed of time passage, F (2, 292) = 268.67, p < .001, ηp
2 = .65, 

showing that time was judged as passing faster for shorter duration than longer 

duration (M 10 s = 4.77, SD = .10; M 15 s = 3.75, SD = .11; M 20 s = 2.83, SD = .11). 

Besides, the interaction between direction of movements and duration of 

movements was found significant, F (4, 584) = 6.92, p < .001, ηp
2 = .045. Simple 

analyses revealed that when the duration of movements was 10 s, time was 

judged as passing faster for the moving circles than the static circles, but no 

difference was found between the left-to-right movements and the right-to-left 

movements (M left-to-right = 4.93, SD = .12; M right-to-left = 4.98, SD = .13; M static 

=4.40, SD = .18); when the duration of movements was 15 s, time was judged as 

passing for the left-to-right movements than the right-to-left movements and 

static circles, but no difference was found between right-to-left movements and 

the static circles (M left-to-right = 4.01, SD = .13; M right-to-left = 3.65, SD = .13; M static 

= 3.58, SD = .16); when the duration of movements was 20 s, no difference of 

judgments of the speed of time was found between the three conditions (M left-to-

right = 2.81, SD = .12; M right-to-left = 2.78, SD = .13; M static  = 2.90, SD = .15). No 

other effects were found significant.  

Additionally, a planned comparison was performed for the right-past 

priming condition with direction of movements and duration of movements as 

two independent variables. The effect of direction of movement on judgments of 

the speed of time passage was not significant, F < 1. The effect of duration of 

movements on judgments of the speed of time passage was found significant, F 

(2, 98) = 142.86, p < .001, ηp
2 = .75. Furthermore, the interaction between 

direction of movements and duration of movements was also found significant, F 

(4, 196) = 2.57, p = .039, ηp
2 = .050. Simple analysis revealed that when the 
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duration was 15 s, time was judged as passing faster for the left-to-right 

movements than the right-to-left movements (M left-to-right = 3.86, SD = .19; M right-

to-left = 3.40, SD = .23), and the judgments for the left-to-right movements were 

slightly higher (marginally significant) than the static circles (M static =3.36, SD 

= .24). No other difference was found. 

 

5.4.3  Discussion 

 

In this experiment, we aimed to examine if the direction of people’s 

mental timelines influenced the observed left-to-right bias on judgments of the 

speed of time passage. Across three priming conditions, we again found that time 

was judged as passing faster when there was a left-to-right movement than a 

right-to-left movement Furthermore; the priming manipulations did not have any 

effect. The planned comparison revealed that even when the past (future) was 

manipulated to map to the right (left) explicitly, time was still judged as passing 

faster with the left-to-right movements than the right-to-left movements (in the 

15 s duration condition). This result suggests that the manipulated directions of 

mental timelines had no influence on the left-to-right bias on judgments of the 

speed of time passage. The findings from this experiment also confirmed the 

result from Experiment 2 that the left-to-right bias on judgments of the speed of 

time passage were not influenced by mirror reading which could reverse 

people’s metal timelines. 

 

5.5  Meta-analysis  

 

To examine the stability of the effect of spatial direction on judgments of 

the speed of time passage, we conducted another two replication studies with the 

same design as in Experiment 1. In one study, we again observed the left-to-right 

bias on judgments of the speed of time passage (M left-to-right = 4.72, SD = .26;  
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M right-to-left = 4.49, SD = .31), F (1, 34) = 3.86, p = .058, ηp
2 = .10. In the further 

study, we found the pattern of the effect (M left-to-right = 4.72, SD = .25; M right-to-left 

= 4.41, SD = .30), but it was not significant, F (1, 25) = 2.59, p = .12, ηp
2 = .094. 

Similar results appeared in the normal reading condition in Experiment 2 and in 

the no priming condition in Experiment 3. To further verify the observed left-to-

right bias on judgments of the speed of time passage, a meta-analysis was 

conducted with the results from these five experiments (see Table 1 for the 

overview of the raw effects).  

 

Table 1 Overview of the raw effects 

Note. R1 represents the first replication study; R2 represents the second replication study. 

Mean difference = mean difference of judgments of the speed of time passage between 

left-to-right movements and right-to-left movements.  

 

Calculation of effect sizes.    Hedges’s g, which is a variation of Cohen’s d, was 

chosen as the effect size because it can correct the slight bias from small samples, 

and is therefore considered a more conservative effect size measure (Hedges, 

1981; Hedges & Olkin, 1985). It can be computed from mean difference, 

standard error and sample size. The interpretation of Hedges’s g can adopt 

Cohen’s suggestions to Cohen’s d (Cohen, 1988): an effect size of 0.2 to 0.3 is a 

small effect, around 0.5 a medium effect, and 0.8 to infinity a large effect. Effect 

size was computed for each comparison (see Table 1). 

 

Experiment Sample Mean difference Standard Error p Hedges’s  g 

1a 31 0.419        0.152 0.010 0.481 

2 50 0.113        0.089 0.212 0.176 

3 33 0.141        0.116 0.232 0.207 

R1 35 0.238        0.121 0.058 0.324 

R2 26 0.308        0.191 0.120 0.306 
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Meta-analytic computations.    Two statistical models are available for meta-

analysis, the fixed-effect model and the random-effect model. According to 

Hedges and Vevea (1998), the fixed-effect model is appropriate for the 

inferences that extend only to the studies included in the meta-analysis, whereas 

the random-effect model is appropriate for the inferences that generalize beyond 

the studies included in the meta-analysis. Because the current meta-analysis only 

intended to make inference of the effect-size parameters in the five experiments 

we have done, fixed-effect models were chosen for the overall analysis and 

subsequent analysis. All analyses were conducted using Comprehensive Meta-

Analysis 2.0 program. 

 

Results.   The mean effect size based on a fixed-effect model was found to be g 

= .28; the 95% confidence interval (95% CI) was .13 (lower) to .43 (upper), 

which had a significant associated z score (z = 3.73, p < .001). According to 

Cohen’s criterion, this can be considered a small effect. A chi-square test of 

homogeneity of effect size was not significant, χ2 (4) = 1.99, p = .737, which 

indicated that the studies can reasonably be described as sharing a common 

effect size (Hedges & Vevea, 1998). Overall, the meta-analysis results confirmed 

our finding that time is judged as passing faster with left-to-right movements 

than right-to-left movements; furthermore, it showed the effect of spatial 

direction on judgments of the speed of time passage as a weak effect. It could 

therefore explain the missing effects in some of our experiments. 

 

5.6  General Discussion 

 

The present research was set out to investigate the influence of spatial 

directions of movements on judgments of the speed of time passage. It was 

found that time was judged as passing faster with left-to-right movements than 

right-to-left movements. This effect was proved as a reliable small effect by the 
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meta-analysis. This finding added new evidence to the well-demonstrated left-to-

right bias that appears in human’s cognitive, social and neural reactions; 

specifically, it suggests that people’s left-to-right bias on time perception occurs 

not only on spatial configuration (left vs. right) but also on spatial movements 

(left-to-right vs. right-to-left). Moreover, it was found that this left-to-right bias 

on judgments of the speed of time passage was not influenced by either 

reading/writing experiences or the direction of mental timelines. These findings 

leave us to the question that what exactly causes the current finding of the left-

to-right bias on judgments of the speed of time passage.  

Reading and writing experiences have been argued to cause the left-to-

right bias in cognition with evidence from various research (Chatterjee, 2011; 

Maass & Russo, 2003; Maass et al., 2007; Spalek & Hammad, 2004; Tversky et 

al., 1991). However, from the present research we found no evidence that writing 

and reading experiences influenced the left-to-right bias on judgments of the 

speed of time passage. Two possible arguments could be formed from these 

findings. First, it suggests that the observed left-to-right bias on judgments of the 

speed of time passage did not result from people’s reading and writing 

experiences, therefore when people experienced right-to-left reading (Farsi 

reading, Dutch mirror reading), they didn’t show a right-to-left bias. However, as 

the Farsi speakers in the present research have also well experienced the left-to-

right reading and writing (English and/or Dutch), it gives rise to the other 

possible argument: left-to-right reading and writing experiences caused the 

observed left-to-right bias on judgments of the speed of time passage; with the 

Farsi participants, however, the effects of left-to-right reading and writing 

experiences and right-to-left reading and writing experiences might have 

balanced out, which resulted in none effect on judgments of the speed of time 

passage. Previous research has showed similar results (Maass & Russo, 2003; 

Morikawa & Mcbeath, 1992). For example, Maass and Russo (2003) found that 

Arabic participants who lived in Italy showed no bias when they drew agents and 
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recipients on the left or right, whereas Italian participants showed left-

agents/right-recipients preference and Arabic participants who lived in Arab 

showed right-agents/left-recipients preference. This possibility could be 

examined by recruiting Farsi speakers who have no experience with left-to-right 

reading and writing. Overall, it is not conclusive about what roles of reading and 

writing experiences are playing in the observed left-to-right bias on judgments of 

the speed of time passage with the present findings. Future research needs to test 

this question more carefully.  
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In ons dagelijkse leven voelt het vaak alsof de ene dag snel verstrijkt, terwijl de 

andere dag juist heel lang lijkt te duren. Hoe komt het dat mensen soms voelen 

alsof de tijd sneller gaat in sommige situatie en langzamer in andere situaties, 

zelfs wanneer de werkelijke tijdsduur hetzelfde is? Welke factoren beïnvloeden 

de perceptie van de snelheid van tijd? Het onderzoek in deze PhD thesis had als 

doel om deze vragen te beantwoorden. Voor alle experimenten werd gevonden 

dat aandacht een belangrijke rol speelt bij het beoordelen van de snelheid van 

tijd. Wanneer externe stimuli meer aandacht trekken geeft men aan dat de tijd 

sneller verstrijkt. Bovendien werd het gevonden dat de subjectieve perceptie van 

de snelheid van tijd systematisch beïnvloed kan worden door externe factoren, 

zoals de hoeveelheid informatie en de presentatiesnelheid van deze informatie. 

Deze resultaten suggereren dat, alhoewel de snelheid van tijd onderhevig is aan 

subjectieve perceptie, het mogelijk is om dit te manipuleren. Restaurants zouden 

bijvoorbeeld meer informatie kunnen presenteren aan mensen in de wachtrij om 

de tijd als sneller te laten ervaren. 
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