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Abstract 

Differences between sexes in the subjective estimation of time when performing tasks 

of verbal fluency and mental rotation of 3-D images were studied in this research. 240 

Mexican college students were divided in six groups; one male and one female group 

for each condition: Verbal, Spatial, and Control tasks. Subjects were asked to perform 

their corresponding task during two minutes which they had to estimate by themselves. 

No significant time estimation differences (p = .6913) between sexes were found when 

performing the verbal fluency task. However, significant time estimation differences (p 

= .0265) between the male and the female group were found with the mental rotation 

task. In addition, no significant time estimation differences between sexes were 

observed as for verbal fluency skills  (p = .8265) and mental rotation (p = .4506). 

Results are discussed in terms of the evidence that shows that men have a higher 

activation in the right parietal region when performing mental rotation of 3-D images 

and estimating time prospectively. The way that different tasks affect the perceived 

length of psychological present depending on the cognitive processes used to perform 

each task is discussed as well. 

 

Keywords: Subjective Estimation of Time, Time Perception, Verbal Fluency, Mental 

Rotation, Sex Differences 
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Sex Differences in Subjective Estimation of Time During the Performance of Verbal 

and Spatial Tasks 

 The skill to estimate short time intervals has a routine but important role in 

everyday life. Time estimation is important at making decisions on a particular action 

that requires a response in a certain time interval (Taatgen, Anderson and Hedderik, 

2007). 

Psychological time is a relatively unexplored issue that involves time adaption 

processes and represents time properties to synchronize actions with external events 

(Block, Hancock and Zakay, 2000). In real life, this type of time interval estimation 

tasks is usually implicit, automatic, and strongly associated with other cognitive 

processes such as perception, learning, and decision-making (Taatgen, Anderson and 

Hedderik, 2007). 

According to Block, Hancock and Zakay (2000), the study of psychologic time 

has direct implications on the understanding of sex differences regarding cognitive 

processes. Results from several authors show the existence of sex differences in time 

estimation (Rammsayer and Lustnauer, 1989) as well as other cognitive processes such 

as the performance of certain verbal and visual-spatial tasks (Halari, Hiles, Kimari, 

Mehrotra, Wheeler, Ng and Sharma, 2005). However, there is apparently not enough 

evidence to show the existence of sex differences in time estimation during the 

performance of verbal or visual-spatial tasks. 

  

Time Perception 

 Time is a very complex concept. Virtually no other concept is so central to human 
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life and yet so poorly understood than psychological time. This implies subjective 

estimation of time. The lack of a physical correlation with time perception is a reason 

for this. Gibson (cited by Fraisse, 1984) concluded that events are perceptible whereas 

time is not. 

Fraisse (1984) distinguished two basic pyshological time concepts: succession—the 

fact that two or more events can be perceived as different and organized in a 

sequence—and duration—the interval between two successive events. Fraisse (1984) 

further explains that time perception is used to describe the constant feeling of 

“psychological present”, which is delimited by durations of no longer than 4 seconds. 

As intervals shorter than 4 seconds are perceived as psychological present, when 

intervals are longer future and past arise. Then duration is commonly divided in 

categories spanning from less than one second, one to four seconds, four seconds to a 

few minutes, minutes to hours, days, months, and years, historical time and geological 

time. Fraisse (1984) According to Aschoff (1985), exact limits are hard to define, thus it 

can be assumed that different cognitive processes are used to estimate the duration of 

different categories. 

In turn, sensorial memory is used in the perception of psychological present 

whereas short-time memory is needed to estimate intervals from seconds to a few 

minutes (Levin and Zakay, 1989). Long-term memory is probably used to estimate 

hours, days, years, and learning processees, past experiences, and attitudes are involved 

in this process. Therefore, the span from 4 seconds to 1-2 minutes are most convenient 

for the study of subjective time estimation processes (Levin and Zakay, 1989). 

Schiffman (2002) states in relation to Ornstein’s work that the way information is 
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organized within a certain time interval influences on its perceived length. Moreover, 

Schiffman points out that organization and memory change the apparent lengths. 

According to Schiffman (2002), an alternative view to Ornstein’s theory suggests 

that attention is divided into two processors: information and temporal.  The less 

attention is given to information processing and the more attention to time passing, a 

longer time duration is experienced, whereas if attention is focused on an absorbing 

task, time seems to be shorter (Schiffman, 2002). 

When properly considered, an irreducible connection between the seemingly innate 

perception of a certain time, the progressive present, and the conscious phenomenon of 

awareness is likely to exist (Lynds, 2003). Without the conception of the present 

moment in time, conscious cognition would not be possible (Lynds, 2003). 

Every behavior—from the macro level of actions, perceptions, and thoughts to the 

micro level of brain functions, neuronal nets, and individual neuronal responses—

happens in time (Brown, 2005). These processes have their own temporal dynamics, 

operate within their own time scales, and at the same time affect the timing of other 

processes and mechanisms (Brown, 2005). 

The conscious awareness necessarily demands that mental content remains 

consciously for a time interval (Lynds, 2003). Without the conscious awareness, 

consciousness of a moment in progressive present would not be possible (Lynds, 2003). 

Therefore, when the concept of a progressive present moment in time facilitating 

conscious awareness is created, it becomes apparent that both phenomena are actually 

one and the same. Then they are likely the result of the same neurobiological processes 

(Lynds, 2003). In the literature reviewed by Lynds (2003) the temporal data 
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construction also seems to be an important factor to create a conscious, unified, and 

coherent experience. 

 

Factors that affect the subjective estimation of time. 

 Several factors affect time estimation. Block et al (2000) point out that some of 

the most important factors are the length of time to be estimated and the time duration 

paradigm. Another variable that may possibly influence time estimation is whether a 

person who will be required to estimate time duration knows in advance the length of 

time to be estimated (Block et al, 2000). In the prospective paradigm, the person knows 

this; in the retrospective paradigm, the person does not (Block et al, 2000). Magnitude 

and variability of the estimated time duration critically depend on this variable. 

Prospective estimations are usually longer in magnitude and shorter in variability than 

retrospective estimations (Block et al, 2000). 

In the retrospective paradigm, the magnitude of time estimation is directly related 

to the amount of attention paid to the temporal information processed during the length 

of the task to be estimated (Block et al, 2000). In brief, prospective time estimation is a 

task that requires division of attention. According to Block et al (2000), whether there is 

a sex difference in the ability to divide attention, sex interaction and processing 

difficulty would be expected to be found. However, some works mentioned by Block et 

al (2000) provide poor evidence of small sex differences in the ability to divide 

attention. 

With regard to factors that affect time perception, Schiff and Oldak (1990) point 

out the relevance of either an interesting stimulus or a stimulus that require a greater 
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amount of attentional resources. When either of this occurs, less time units are 

processed and the person tends to say that the time interval is shorter. In another 

research cited by Schiff and Oldak (1990), it was found that tape recordings with 

attractive information were judged as shorter than others without interesting 

information. These tapes had sexual content that involved higher levels of arousal 

(Schiff and Oldak, 1990). 

 

Sex Differences 

There are well-documented sex differences in some cognitive abilities (Hausmann et al, 

2000). In various research papers, it has been found that women tend to perform better 

in specific aspects of verbal ability, such as verbal fluency. On the other hand, it has 

been often documented that men have a better performance in spatial tasks such as those 

that imply mental rotation of objects (Hausmann et al, 2000). Likewise, sex differences 

regarding time perception have been found (Rammsayer and Lustnauer, 1989). 

The term ‘vebal abilities’ does not imply one single item. It is applied to several 

components of language use: fluency to generate words, grammar, reading, 

pronunciation, verbal analogies, vocabulary, and oral comprehension (Halpern, 1992). 

Verbal fluency differences between men and women have been found, with women 

outperforming men (Rahman, Abrahams and Wilson, 2003). Verbal fluency tests 

require participants to utter as many words starting with a particular letter or belonging 

to some category as possible during a certain period of time. 

On the other hand, visual-spatial abilities refer to the ability of imagining how an 

irregular figure would look like after rotating in space as well as the ability to find an 
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association between shapes and objects (Halpern, 1992). Visual-spatial abilities are 

seemingly comprised of the three following factors, beside the visualization and spatial 

analysis ability (Halpern, 1992): 

 

1. Spatial perception: Requires the person to locate either vertical or horizontal shapes 

while ignoring distracting information. 

2. Mental rotation: The ability to imagine how an object would look like when rotated 

or how thin when folded or how solid it would be when unfolded. 

3. Spatial visualization: It refers to complexity and analysis of spatial information 

processing. 

 

Results about sex differences in visual-spatial abilities seem to be more conclusive 

than results about other cognitive abilities (Halpern, 1992). However, several studies 

state that the magnitude of such a difference has diminished noticeably in recent years 

(Hausmann et al, 2000). In addition, Hausmann et al (2000) cite other research papers 

which state that sex differences in visual-spatial tasks can be eliminated through 

practice. Nonetheless, the 3-D mental rotation test seems to produce the greatest sex 

difference among all spatial tests (Hausmann et al, 2000). 

With regard to sex differences in subjective time estimation, several works point out 

its likelihood though vey few explanations are advanced (Block et al, 2000). It has been 

observed that women provide relatively longer and more variable time estimations than 

men (Block et al, 2000). However, this pattern is not confirmed in every research paper, 

such as the study conducted by Swift and McGeoch (Block et al, 2000). 
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In addition, sex differences in time perception with regard to auditory stimuli have 

been found. Rammsayer and Lustnauer (1989) conducted a research where men 

achieved better results than women as for discrimination, duration, and time required for 

every session (Rammsayer and Lustnauer, 1989). In turn, Schiff and Oldak (1990) 

found in a literary review that women’s estimations are in general less accurate than 

men’s. This apparent difference in judgement accuracy may be a consequence of the 

fact that women’s estimations are more conservative than men’s (Schiff and Oldak, 

1990). According to the literature reviewed by Schiff and Oldak (1990), this may be 

explained because either women use a larger “safety margin” than men or they have less 

spatial-temporal abilities. 

Recent research papers reviewed by Block, Hancock, and Zakay (2000) corroborate 

that women underestimate time duration more than men. In addition, Block et al (2000) 

found after a literature review that there are sex differences in magnitude and variability 

of estimated time duration. These differences are attributed to spatial-temporal 

perception abilities. 

By taking into account that there are sex differences in subjective time estimation 

as well as in verbal and visual-spatial abilities, this work studies possible sex differences 

in subjective estimation of prospective time duration while verbal and visual-spatial 

tasks are performed. 

 

Method 

 

Subjects 
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240 college students from Universidad de las Américas, Puebla, Mexico, 120 male and 

120 female, within an age range of 18-30 years old from a medium-high socioeconomic 

status were randomly selected. 

Participants were randomly assigned to six groups. 120 female participants were 

assigned to two experimental groups and one control group: A1, B1, C1, and 120 male 

participants were assigned to two experimental groups and one control group: A2, B2, 

C2. Groups A1 and A2 were composed of 20 subjects each, who were asked to 

subjectively estimate the duration of 2 minutes while they performed a verbal task. 

Groups B1 and B2 were composed of 20 subjects each, who were asked to subjectively 

estimate the duration of 2 minutes while they performed a spatial task. Finally, Groups 

C1 and C2 were composed of 20 subjects each, and were asked to subjectively estimate 

the duration of 2 minutes while they manipulated a repetitive moving image. 

 

Instruments  

A software program written in Perl language version 5.006001 was used for manipulation 

of independent variables and measurement of studied variables in this research. This 

program generates HTML (Hyper text Markup Language) and javaScript codes in a 

server with Linux operating system and Debian distribution, version 2.4.18-bf2.4, which 

runs a web Apache server version 1.3. Three instruments were designed for the verbal, 

spatial, and control tasks. 

 

Instrument 1 - verbal (verbal fluency) task: It starts with a series of detailed instructions 

with examples. In general, the task consists of writing words that begin with a requested 
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letter, contain a second requested letter, and end with a third and different letter. The 

amount of given answers and correct guesses are automatically recorded when task 

ends. 

 

Instrument 2 - spatial (mental rotation) task (adapted from Shepard and Metzler (1971) 

images): It starts with a series of detailed instructions with examples. The task consists 

of deciding whether two 3-D images are the same one but rotated or are completely 

different. The amount of given answers and correct guesses are automatically recorded 

when task ends. 

 

Instrument 3 – control task: It consists of manipulating an image created by Foster 

(2002) with a mouse. 

 

In order to measure time, JavaScript routines were used with the Client PC clock so 

that  errors were not induced due to transmission and reception times to/from the Web 

Server. A precision of thousands of a second was handled. The following data was 

automatically registered: time used for the test, time difference in relation to the time set 

to be estimated, answered items and right answers (for the verbal and spatial tasks). 

 

 Task ability was evaluated by dividing the number of right answers to the task into 

the time estimated subjectively by each participant. The task ended when each 

participant considered that 2 minutes had passed, and thus the estimated time was 

measured. Performance on subjective time estimation was calculated as the difference 
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between the subjectively estimated two minutes and the objective time measured. 

 

Instruments were applied in two Pentium 4 PC computers with processor at a 2 

GHz speed and 512 Mb RAM, a 32-bit, 1024 x 786 pixel screen resolution. Computers 

were located in two separate rooms where subjects were isolated from stimuli that could 

somehow signal time passing. Each computer had Mozilla Firefox Version 2.0 for 

execution of the three instruments. 

 

Procedure 

This study has a 2x3 research design, where the sex variable has two conditions (male 

and female) and the task variable has three conditions (two cognitive and one control 

task). The control task was developed in order to know whether the verbal or spatial 

task triggered any difference in the way time was estimated. 

 

The four Experimental groups: A1, A2, B1, and B2 were given the following 

instructions: “Before you start the test, please take off your watch and turn off your 

mobile telephone. Next, a series of detailed instructions will be shown to you, but in 

brief the task consists of estimating as best as possible the passing of two minutes while 

you answer as many exercises as possible. Whenever you consider that two minutes 

have passed, be sure to end the test.” 

 

The two Control groups: C1 and C2 were given the following instructions: “Before 

you start the test, please take off your watch and turn off your mobile telephone. Next, a 
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series of detailed instructions will be shown to you, but in brief the task consists of 

estimating as best as possible the passing of two minutes. Whenever you consider that 

two minutes have passed, be sure to end the test.” 

 

As cited above, the 4 second-2 minute range is ideal for studying subjective time 

estimation processes (Levin and Zakay, 1989). Thus the time considered here is 2 

minutes since time estimation during the execution of either a verbal (verbal fluency) 

task or a spatial (mental rotation) task is researched. Therefore, the 2 minute-period set 

as the task length meet the research needs and at the same time make subject 

participation easier due to the test short duration. In addition, the decision on using the 

prospective paradigm in all three conditions was made. The tasks require division of 

attention, and no significant sex differences regarding ability to divide attention have 

been found (Herlitz et al.; Seth-Smith, Ashton and McFarland, cited by Block, Hancock 

and Zakay, 2000). Furthermore, the Prospective Paradigm is appropriate for 

methodological needs because it makes the measurement of subjective time estimation 

(2 minutes) easier. 

 

Results 

 

Significant differences in subjective time estimation during task performance were 

found in results obtained with two-way ANOVA (F = 12.955, SS= 11, p < .0001) 

However, no sex differences either in time estimation (F = .208, p = .6489) or 

interaction between the two variables (F = 1.811, p = .1659) were observed. After 
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conducting Fisher’s PLSD test for subjectively estimated time between tests and sex 

difference in time estimation, a significant difference (p = .0001) in estimated time 

between the spatial task and the control task was observed. Moreover, there was a 

significant difference (p = .0014) in estimated time between the verbal task and the 

control task. However, no significant differences (p = .0736) in estimated time between 

the spatial and verbal tasks were observed. With regard to sex differences, no 

significant differences (p = .6489) in subjective time estimation between men and 

women were found. Therefore, there were no significant sex differences in estimated 

time between the six groups. Figure 1 shows grouped data for each task: verbal, control, 

and spatial both for men and women. Results show that both female and male subjects 

overestimated time in the control task. In contrast, time estimation was more accurate 

for both sexes in both the spatial and the verbal tasks, although men in the spatial task 

obtained a media that was closer to the 120 seconds they were requested to estimate. 

 

Figure 1. Interaction bar plot for time, condition and sex 
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Results from men in all three conditions as well as from women in all three 

conditions were separated and analyzed as separate groups. For the male group, 

performance on subjective estimation of time in every test was analyzed by means of a 

one-way ANOVA aimed at knowing under what condition men performed better in the 

120-second estimation. Significant differences (F = 10.224, p < .0001) in time 

estimation by men were found between the verbal, spatial and control tasks. In Figure 

2, it may be observed that men estimated the 120-second period quite more accurately 

in the spatial task, with a media of 127.26 seconds, in comparison to the estimated time 

medias obtained in the verbal and control tasks, where in general time was 

overestimated some 40 seconds longer than in the spatial task. After conducting 

Fisher’s PLSD test for subjectively estimated time by men between each pair of tasks, 

significant differences were found between the verbal and spatial tasks (p = .0226), the 

verbal and control tasks (p = .0279), and the spatial and control tasks (p = .0001) 
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Figure 2. Interaction bar plot for time – male  

 

 As for the female group, an identical analysis of performance on subjective time 

estimation in every condition by means of one-way ANOVA tests was conducted. A 

significant difference (F = 3.891, p = .0231) in time estimated by women was found in 

all three tasks. In Figure 3, it may be observed that women estimated time in a very 

similar fashion in the spatial and the verbal tasks. However, a considerable time 

overestimation was observed in the control task, with a media of 188.293 seconds. After 

the Fisher’s PLSD test was conducted on the subjective estimation of time by women 

between each pair of conditions, no difference between the verbal and the spatial tasks 

(p = .8934) was found. However, there was a significant difference between the verbal 

and the control tasks (p = .0207). In addition, a significant difference in estimated time 
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was found between the spatial and control tasks (p = .0146). 

 

Figure 3. Interaction bar plot for time - female 

 

No significant sex differences of performance on subjective time estimation in the 

verbal task (t = .399, p = .6913) were found. Likewise, no significant sex differences (t 

= .566, p = .5732) were found in the control task. On the other hand, there were 

significant sex differences in the spatial task (t = -2.262, P = .0265). 

 

Sex differences were analyzed as for verbal and spatial task ability in relation to 

the time estimated (estimated time divided by number of right answers). No significant 

sex differences of performance on the verbal task in relation to estimated time (t= .220, 

p = .8265) were found, and neither were there sex differences of task performance in the 

spatial task (t=-.758, p = .4506).  
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Discussion 

 

 In the obtained results, no significant sex difference in subjective time estimation 

performance during the verbal task was observed. However, there was a significant sex 

difference in subjective time estimation performance in the spatial task. This partially 

corroborates the hypothesis that postulates that sex in interaction with verbal and visual-

spatial tasks should influence on subjective time estimation performance. 

Cognitive Psychology has generated various attentional models for time perception 

(Grondin, 2001). It has been found that when time is estimated under prospective 

paradigm conditions, the number of stimuli processed during a certain period of time 

inversely correlates with the estimated subjective length (Hicks, Millar, Gaes, and 

Bierman; Hicks et al; Zakay, cited by Grondin, 2000). 

Likewise, perception depends on the presence of attention (Thomas and Cantor; 

Thomas and Weaver, cited by Grondin, 2001). It is commonly assumed that attention is 

a system with a limited capacity (Grondin, 2001). Therefore, if two tasks are processed 

simultaneously, available attention for each task is reduced (Grondin, 2001). 

When more attention was given to time passing, time estimations were significantly 

longer in the control task than in the verbal and spatial tasks. In different studies of time 

manipulation and memory overloading tasks, participants were requested to devote a 

certain percentage of attention to a task and another percentage to time calculation 

(Brown and Boltz, 2002). Several research works have shown that when a lower 

percentage of attention is devoted to time, time underestimation error increases (Casini 
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and Macar; Casini, Macar and Grondin; Grondin and Macar; Macar, Grondin and 

Casini; Zakay, cited by Brown and Boltz, 2002).  

In this research, subjects were informed through instructions that the most 

important part of the task was the right calculation of two minutes. This was aimed at 

making subjects pay more attention to time calculation than number of right answers to 

the task. Thus subjects were prevented from underestimating time considerably if they 

had focused mainly on either the verbal or spatial task and paid little attention to time. 

In comparison with the control groups, the verbal and spatial task groups estimated the 

2 minutes quite more accurately. 

Then, when there is less attention capacity for time processing, the perceived period 

of time appears as shorter (Grondin, 2000). This could explain why both men and 

women overestimated time when making the control task. Likewise, the spatial and 

vebal tasks probably were more interesting stimuli than the control task. According to 

Schiff and Oldak (1990), positive stimuli cause an underestimation of time length. 

By using prospective time along this research, sex differences in time estimation 

were eliminated. In various experiments that used the prospective paradigm for 

comparing time estimation by men and women, no significant sex differences have been 

found (Block, Hancock and Zakay, 2000). This explains why there were no differences 

in time estimation between men and women in the six studied groups. However, 

significant sex differences in time estimation were only found in the spatial task. This 

somehow suggests that the cognitive processes executed in mental rotation are related 

with the cognitive processes in prospective time estimation. Therefore, there were no 

sex differences regarding the capacity to estimate time accurately in a prospective 
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manner, but when men and women interacted with a visual-spatial task, significant 

differences occurred. 

In addition, it was found that the verbal task does not influence subjective time 

estimation in women. There were no differences in time estimation performance by 

women between the verbal and spatial tasks. This rejects the hypotheses stating that 

women have a better performance in subjective time estimation when performing a 

verbal task. 

The capacity  to register time order and structure of outer world events requires a 

coherent synchrony with visual perception (Battelli, Cavanagh, Martín and Barton; 

Nishida and Johnston; Walsh, cited by Alexander, Cowey and Walsh, 2005), time of 

motor behavior (Miall; Wing and Kristofferson, cited by Alexander, Cowey and Walsh, 

2005), and estimation of time interval length (Wearden, cited by Alexander, Cowey and 

Walsh, 2005).  

At the same time, relevant brain areas for time perception have been identified. 

However, several lines of research have shown that the lower right region of parietal 

cortex is indispensable for time perception (Alexander, Cowey and Walsh, 2005). As 

well, Rao et al (cited by Alexander, Cowey and Walsh, 2005) have observed a relevant 

activity in the lower right region of parietal cortex when time is estimated prospectively. 

It is likely that the right parietal cortex uses representation systems that are codified 

spatially (Walsh, cited by Alexander, Cowey and Walsh, 2005) and are common to 

time, space and quantity. 

It has been stated that there is a higher brain activation in the lower left frontal 

cortex (Broca’s area) and medial left frontal gyrus (dorsolateral prefrontal cortex) 
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(Gaillard, Hertz-Pannier, Mott, Barnett, LeBihan and Theodore, 2000). It is possible 

that no relevant information regarding perceived time is provided when performing a 

verbal task. Then, during the performance of the verbal fluency task, no brain regions 

which use the same spatially codified representation system, common to time, are 

activated. Thus subjective time estimation is not influenced. 

Also, Weiss, Siedentopf, Hofer, Deisenhammer, Hoptman, Kremser, Golaszewski, 

Felber, Fleischhacker, and Delazer (2003) studied sex differences in brain activation 

patterns during a verbal fluency task with subjects who presented no significant sex 

differences in the task performance. Both men and women had a significant brain 

activation in the left prefrontal cortex, right prefrontal cortex, cingulate gyrus, and right 

region of the cerebellum (Weiss et al, 2003). Then no significant sex differences in 

brain activation pattern during a verbal fluency task were found when there are no 

performance differences (Weiss et al, 2003). In this research, no significant sex 

differences in number of right answers for the verbal task (performance) in relation to 

subjectively estimated time. Therefore, as there are no sex differences in brain 

activation pattern during a verbal fluency task (when there are no performance 

differences), the fact that no sex differences in subjective estimation of time under this 

condition were observed can be explained. 

In turn, the spatial task influenced men’s subjective estimation of time since there 

were a significant difference in estimated time performance between the spatial and 

verbal tasks. This provides confirmation that men have a better performance in 

subjective estimation of time while executing a 3-D visual-spatial task. 

Patients with damage of the right side of parietal cortex have severe perceptual 
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problems in relation to time (Battelli et al; Haaland and Knight, cited by Alexander, 

Cowey and Walsh, 2005). Critchley (cited by Alexander, Cowey and Walsh, 2005) 

noticed that the temporary deficit typically coincides with patients with parietal damage 

who display a wide array of errors as for temporary experience. These patients are 

unable to judge time passing during medical sessions, such as an interview. Time seems 

to pass very quickly; objects seem to move very rapidly, very slowly, or not smoothly. 

When the right parietal cortex is used in representation systems that are spatially 

codified for time, space, and quantity, it shows the need for a common measure of time 

and space in order to assure a correct action that requires information about time 

(Alexander, Cowey and Walsh, 2005). It is suggested that since brain activation sites are 

closely related while performing a mental rotation task and estimating time 

prospectively, time calculation is easier due to the type of cognitive processes carried 

out in both tasks. Then it is likely that estimation of time while performing a mental 

rotation task —which implies visual-spatial abilities— causes a more accurate 

calculation than while executing other kind of tasks which does not involve this type of 

abilities. 

In regard to sex differences in lateralization of mental rotation tasks, several studies 

have reported a higher activation of the right hemisphere in men than in women (Siegel-

Hinson and Mckeever; Thomsen et al; Voyer and Bryden, cited by Rilea, Roskos-

Ewoldsen and Boles, 2004). Furthermore, several reviewed research papers show that 

men have a higher right parietal activation while performing mental rotation tasks 

(Rilea, Roskos-Ewoldsen and Boles, 2004). In the research conducted by Rilea et al 

(2004), no differences were found in male and female performance of a mental rotation 
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task. However, men showed a higher right parietal activation than women (Rilea et al, 

2004). Likewise, in this current research, there were no significant sex differences in 

time estimation while performing the spatial task. Since the same parietal region is used 

for time perception and visual-spatial task performance, it may be inferred that 

cognitive processes related with time perception and mental rotation tasks either are 

spatially codified or use the same code. This allows both time perception to contain 

visual-spatial information and visual-spatial information to contain data related to time 

perception. Therefore, it may be assumed that men estimate time more accurately while 

executing a visual-spatial task such as 3-D mental rotation. This is due to the type of 

cognitive processes men carry out and the brain zones they use in performing both 

tasks. 

Also, there are differences between men and women in the way 2- and 3-D 

computerized mental rotation task information is processed (Roberts and Bell, 2005). 

According to results found by Roberts and Bell (2005), men and women use different 

neurological processes in mental rotation tasks. Men displayed higher activation 

patterns in the left parietal region than in the right parietal region in simple 2-D mental 

rotation tasks (Roberts and Bell, 2005). However, they obtained higher activation in the 

right parietal region in complex 3-D mental rotation tasks (Roberts and Bell, 2005).  

Women, in turn, obtained higher activation patterns in the right parietal region during 

both types of mental rotation tasks, but even higher activation was observed in the right 

parietal region when performing the 2-D mental rotation tasks than the 3-D ones 

(Roberts and Bell, 2005). In spite of these sex differences, Yoshino, Inoue and Suzuki 

(2000) suggest that task processing in mental rotation is a dominant function of the right 
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parietal region. Jordan, Wustenberg, Heinze, Peters and Jancke (2002) state that there 

are sex-specific activation patterns during mental rotation tasks. These patterns are 

observed although there are no sex differences in the task performance (Jordan et al, 

2002). Time estimation sex differences observed in the spatial task can be explained 

thanks to differences found between men and women in regions with higher activation 

while performing 3-D mental rotation tasks. 

There are several hypotheses that can explain sex differences in activation patterns 

of the right parietal region while performing mental rotation tasks (Jordan et al, 2002). 

Men and women use different strategies to solve these tasks (Jordan et al, 2002). In 

relation to this, men and women can pay attention in a different way in such tasks 

(Jordan et al, 2002). There may possibly be a sex-specific topographic organization of 

neural connections involved in mental rotation tasks. Sex differences seem to be 

primarily the result of favorite sex-specific strategies and reactions to certain kinds of 

cognitive problems (Jordan et al, 2002). 

This shows that men and women use different cognitive processes due to the 

specific strategies they apply in mental rotation, even though there are no performance 

differences. Therefore, when cognitive processes used to solve a 3-D mental rotation 

task cause a higher activation of the right parietal region, common relevant information 

for time is provided that improves time calculation from the prospective paradigm. 

In general, sex differences caused by the verbal fluency task were neither found 

when time is estimated nor in task ability regarding calculated time. However, results 

show that there are significant sex differences in time estimation during the 3-D mental 

rotation task. Even though no differences in task ability were found, significant 
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differences in time estimation were found between men and women. Therefore, task 

ability does not affect estimated time accuracy, but affects favorite cognitive processes 

used to solve mental rotation problems. At the same time, although no sex differences in 

subjective time estimation from the prospective paradigm were observed, significant 

ones were when this paradigm interacted with the mental rotation task. 

Given the novelty of found results, comparison of subjectively estimated time by 

men and women when performing 2- and 3-D mental rotation tasks is suggested for 

further research. Moreover, this study used only one kind of task that involves visual-

spatial abilities. Therefore, it would be useful to know how is time estimated when 

performing tasks involving different kinds of visual-spatial abilities. It would also be 

relevant to know how the difficulty level of 3-D mental rotation tasks may affect 

subjective estimation of time as well as sex differences caused by task interaction. Thus 

a more accurate time estimation would be expected when a task is solved with specific 

cognitive processes that generate a higher right parietal region activation (such as the 3-

D mental rotation task). 

At the same time, it would be important to know whether sex differences are 

observed when the same 3-D image mental rotation task is performed either by using 

paper and pencil to make the test or by computer. Thus it would be possible to know it 

is whether the task that causes sex differences or the conditions to make the test. In 

addition, in order to know whether the task is perceived as a positive stimulus, it would 

be necessary to ask task subjects at the end of the test to choose a value in a preset scale 

as to say how pleasant or unpleasant the task was. After having information about the 

emotions triggered during the test, it would be possible to state whether sex differences 
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in time estimation are caused while performing a mental rotation task. 

Time perception is a basic function of the vital human development in cognitive 

function evolution (Suddendorf and Corballin, cited by Zimbardo and Boyd, 1999). 

Thus this current research provides information to understand the existing relation 

between cognitive processes executed during a task and time perception. Since the same 

right parietal region is activated in men during prospective time estimation and mental 

image rotation in men, significant differences with women may be ocurring. Therefore, 

this may be an indication that these two tasks are evolutionally related in men due to the 

type of cognitive processes involved in the performance of certain specific strategies in 

these cognitive issues. 

The simultaneous ability of present time awareness and perception of a new present 

in relation to the previous moment, depends on the inherent time-perception ability of 

human beings. Therefore, there is such a remarkable relation between present time 

awareness and awareness itself  that the former cannot exist without the latter, and time 

perception may only be conceived as a fundamental link in the study of awareness. 

There are many other factors that affect time estimation, and thus affect at the same 

time the way psychologic present is perceived. The model introduced by Taatgen, Van 

Rijn and Anderson (2007) shows the existence of a prospective time estimation module 

that interacts with other cognitive aspects. This could explain the great variety of 

phenomena associated with time estimation (Taatgen et al, 2007). 

Knowledge about the way various tasks affect time estimation may provide relevant 

information about the way different cognitive processes and strategies used in a task 

performance modify the way time is estimated, and thus the way one is aware during the 
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experience of psychological present. Psychology foundations are linked to the search 

and understanding of awareness, and this paper provides information thereof.  
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