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The present experiment examined the effects of sex and handedness on the perception of brief 
intervals up to 20 s in duration. In order to obtain participants with sufficiently high scores on 
a scale of handedness, we screened 1,276 people; the process yielded 16 men and 16 women 
eligible for testing. In an empty production procedure, each person estimated 4 intervals of 1, 3, 
7, and 20 s, respectively, using both their preferred and nonpreferred hands to provide recorded 
responses. The order of presentation was randomized across participants but yoked across the 
sexes in each of the respective handedness subgroups. Results indicated significant effects for 
handedness in conjunction with the hand used to make the respective response. The pattern of 
these interactive effects differed between male and female participants, however. These results 
are discussed in terms of a hemispheric account of interval timing control and potential sex dif-
ference in hemispheric specialization.

Time is the punishment for consciousness. There-
fore, the understanding of the nature of time should 
lie at the very heart of all science. This is especially 
true for a science of psychology because nontemporal 
behavior simply does not exist (Block, 1990). Yet the 
experimental study of the perception of time, despite 
its extended history (e.g., Guyau, 1890; James, 1890), 
continues to be largely peripheral to the mainstream 
of the psychological sciences. Although there has 
been a gratifying increase in interest in the study of 
time in many facets of the neurosciences (Buhusi & 
Meck, 2005; Wittmann & van Wassenhove, 2009), 
psychology in general continues to treat the percep-
tion of time as a largely peripheral concern (but see 

Grondin, 2008). There are a number of reasons why 
this situation persists. Unlike other forms of sensory 
psychophysics, the perception of time deals with an 
evidently intangible dimension. Thus, the very foun-
dation of what is conceived as being perceived is itself 
unclear. This issue is a subset of a larger concern over 
the fundamental nature of time itself (Fraser, 1987).
 For the empirical researcher, an almost equally 
problematic concern is the extensive level of indi-
vidual variability that accompanies people’s estimates 
of even the simplest discrete interval of time (Doob, 
1971; Rammsayer, 1997). For those wanting to under-
stand general principles of human behavior, this large 
variation has proven to be a stiff barrier to overcome. 
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This is especially true with respect to efforts to inte-
grate time perception with the more established facets 
of behavior such as memory and attention (Block, 
1990; Block, Hancock, & Zakay, 2010). A step toward 
the fruitful resolution of this impasse is to seek an 
understanding of, and explanation for, these sources 
of individual variability. It is encouraging to see that 
such efforts have begun to burgeon in the past decade 
(see Hancock, 2010; Pos, 2006; Rammsayer, 2002; 
Zimbardo & Boyd, 1999, 2008).
 Useful steps in this direction are represented by 
a number of recently reported meta-analyses (Block, 
Hancock, & Zakay, 2000; Block, Zakay, & Hancock, 
1998, 1999), which have distilled numerous overall 
patterns from the quantitative results in the extent 
literature. In general, these syntheses have shown that 
age, sex, and maturational state all exert consistent 
effects on how a person perceives short intervals of 
time up to approximately 1 min in duration. Such 
meta-analytic findings establish the descriptive state 
of present understanding and provide outcome pat-
terns against which to compare current causal theo-
ries. However, although they identify empirical la-
cunae, meta-analyses do not, in themselves, generate 
theories. Rather, viable hypotheses and subsequent 
theoretical advances often derive from unusual or 
contradictory empirical observations.
 The genesis of the present effort was founded in 
just such a circumstance. In recent work, Hancock 
and Rausch (2010) examined the perception of brief 
intervals of time by 50 men and 50 women ranging 
in age from 20 to 70 years. The primary goal of this 
investigation was to explore the influence of sex 
and age on duration perception. However, in post-
performance questionnaires, a record was taken of 
the handedness of the people involved. It should be 
noted that there was no a priori screening of par-
ticipants with respect to handedness in this origi-
nal experimental procedure. However, it proved to 
be the case that there were 92 right-handers and 8 
left-handers in the eventual sample. This percentage 
representation is reasonable for a quasirandom con-
venience sample because it is close to the estimated 
frequency of right- and left-handedness in the general 
population (Coren, 1992). Comparison of the data 
derived from these respective handedness groups 
showed extensive differences in response patterns. 
Thus, the ratio of the duration estimates for left- to 

right-handers at 1 s was 1:0.73, at 3 s this ratio was 
1:0.69, at 7 s the ratio was 1:0.68, and finally at 20 s 
the ratio of left- to right-handers was 1:0.82. Such a 
strong differentiation gave encouragement that hand-
edness per se might exert a significant effect on the 
perception of brief intervals.
 This observation concerning handedness and 
time perception was not original in that Efron (1963a, 
1963b) had previously postulated such a possible in-
fluence. Also, handedness itself is known to play an 
intriguing role in a variety of human response capaci-
ties (Coren & Halpern, 1991; Halpern & Coren, 1988, 
1991). If handedness also plays a significant role in 
timing and time perception, this may implicate dif-
ferences between the hemispheres of the brain as an 
important explanatory characteristic of the timing 
of many forms of individual behavior (see Bruyer, 
1986; Carmon & Nachson, 1971; Cohen & Haran, 
1974; Efron, 1990; Polzella, DaPolito, & Hinsman, 
1977; Riss, 1984; Witelson, 1976, 1985). Indeed, a 
hemispheric argument could be made to account for 
the previously established sex difference in the per-
ception of brief intervals up to approximately 1 min 
(Block et al., 2000; Hancock & Rausch, 2010; Ramm-
sayer & Lustnauer, 1989). Therefore, the purpose of 
the present experiment was to investigate whether 
there exists a consistent effect for handedness in time 
perception and whether any such effects are contin-
gent on the sex of the person producing them.

eXPeriMent

METHOD

Participants
To begin the process of participant selection, the 
Edinburgh Handedness Inventory was used as a 
screening device to initially determine degree of 
each participant’s handedness (Oldfield, 1971). This 
test evaluates responses on a 10-item questionnaire 
(Williams, 1991) in which strong or exclusive use of 
one hand scores two points (positive for right-hand 
responses, negative for left-hand responses), and 
weaker use of either hand receives one point. The 
scale thus varies from +20 to –20. For the purposes 
of the present study, people scoring from +18 to +20 
on the test were considered strong right-handers, 
and people scoring from –18 to –20 were consid-
ered strong left-handers. To derive a sufficiently large 
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size sample, a total of 1,276 people completed this 
screening test. Of these, 935 were female and 341 
were male, and only 19 women and 17 men scored 
at a sufficiently high level to qualify to participate 
in the subsequent experimentation. Of these 36 eli-
gible people, 32 participants, 16 men and 16 women, 
agreed to proceed to testing on the time estimation 
task. These 32 volunteers were all students at a major 
southern university in the United States. All pro-
fessed to be in good health at the time of testing. In 
age they ranged from 18 to 24 years, with a mean age 
of 20.13 years. Each of two groups, 16 men and 16 
women, consisted of eight right-handers and eight 
left-handers. With respect to the degree of handed-
ness, all four groups (female and male right-handers 
and female and male left-handers) had the same 
mean absolute handedness score of 18.625, which 
rendered a uniform laterality quotient of +86.25 for 
the right-handers and –86.25 for the left-handers, 
where laterality is calculated from the appropriate 
equation (see Williams, 1991). In the present experi-
ment, one female researcher collected all the experi-
mental data. For this task the potential interaction 
between the sex of the participant and the sex of 
the experimenter (Rumenik, Capasso, & Hendrick, 
1977) was considered negligible in light of previous 
null findings for a test of this specific interaction (see 
Hancock & Rausch, 2010).

Procedure
Participants first signed the informed consent form 
and were assured that all procedures followed the ap-
propriate American Psychological Association stric-
tures on human subjects testing. To record the time 
estimates, the experimenter asked each participant 
to be seated at a table on which was a response ap-
paratus that transmitted the participant’s estimates to 
a recording system. The response apparatus had two 
buttons, one of which started the timing mechanism 
and one that provided the stop signal. Participants 
were asked to remove their watches and any other 
timekeepers in their possession. The experimenter 
returned these items to the participants at the end of 
the procedure. Ten practice trials, without feedback, 
were given that asked participants to estimate a 10-s 
period. Upon completion of this practice element, 
participants were considered ready and eligible to 
proceed to the experimental phase.
 The time estimation method used in the pres-
ent experiment was the production procedure of an 
empty interval (Bindra & Waksberg, 1956; Clausen, 
1950; Guay & Salmoni, 1988). Empty intervals are 

considered to be those in which no concurrent activ-
ity is taking place, so explicit processing of informa-
tion or stimulation is not required of the participant 
(Hicks, Miller, & Kinsbourne, 1976). After complet-
ing the initial practice, participants were asked to 
estimate four specific time intervals of 1 s, 3 s, 7 s, 
and 20 s in duration, respectively. These four target 
intervals represent a natural logarithmic progression 
that brackets temporal thresholds that have been pro-
posed to be of theoretical importance, namely the 
boundary of brief intervals at 10 s (Allan, 1979), the 
range of the immediate present at 3 s (Poppel, 1988), 
and the duration of conscious intention at 6 s (Iberall, 
1992, 1995). Each person produced 40 trials at each 
selected interval. These 40 total trials were divided in 
half, with 20 trials conducted with the participant’s 
preferred hand and the other 20 trials conduced us-
ing the participant’s nonpreferred hand.
 The order of presentation of the different time 
intervals was randomized, except that orders were 
matched across sex such that one man and one wom-
an were yoked with respect to a particular presenta-
tion order, as were one left- and one right-handed 
participant. Participants were told to change to the 
next interval, whose duration was specified by the 
experimenter, only on completion of each block of 
40 trials. Participants were also asked to pause briefly 
during the change from one interval to the next. After 
each trial, the experimenter recorded the time estima-
tion to the nearest millisecond. Participants were not 
given any form of feedback about their performance. 
The opportunity to take a break was offered to each 
participant after completion of each of the blocks 
of trials, but this opportunity was taken only rarely. 
The overall experiment took approximately 45 min 
to complete for each participant.

RESULTS

Data from the experiment were analyzed using a 
mixed procedure in which there were two between-
participant factors (i.e., sex and handedness) and 
three within-participant factors (i.e., the response 
hand used, target duration, and trial). The first pri-
mary dependent performance measure used in the 
present analysis was the recorded times themselves. 
Subsequently, a number of derived performance 
measures were also calculated. These included the 
duration judgment ratio (DJR, the actual recorded 
estimate divided by the target interval); the constant 
error (CE), which represented the deviation of each 
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score from the respective target interval; the absolute 
constant error (ACE), which is the absolute value of 
the previously defined CE scores; the variable error 
(VE), which is the standard deviation of responses; 
and the coefficient of variation (COV). The latter two 
measures did not include a trial factor because they 
are derived from summations across trials. Overall, 
these measures provide a portrait of participant re-
sponse in terms of central tendency and dispersion 
with respect to the target duration.

Recorded Times
Analysis of the recorded times revealed a number of 
significant effects. First, and unsurprisingly, there was 
a clear, main effect for duration. This result confirmed 
the primary manipulation that participants were able to 
distinguish the differing intervals requested. It would 
be surprising only if this duration length manipulation 
had not shown significant effects. Of somewhat greater 
interest and informational value was the significant 
main effect for trial, F(19, 532) = 2.103, p < .005. As in 
a number of prior experimental procedures concerning 
the estimation of brief temporal intervals, the partici-
pants in the present experiment exhibited the classic 
lengthening effect (see Vroon, 1972). That is, as the 

trials proceeded there was a significant trend for an 
increase in the length of the estimate made. As is also 
typical of many previous findings, this effect resembles 
an inverted learning curve wherein the primary change 
occurs within the first few trials, a change that is se-
quentially attenuated as the trial number increases. 
This general effect, parsed by sex and handedness, is 
illustrated in Figure 1.
 Superseding these main effects were a number 
of higher-level interactions. Specifically, there was 
a significant trial × sex × handedness effect, F(19, 
532) = 2.74, p < .05. As a general pattern, both left- 
and right-handed women showed the same lengthen-
ing pattern as was evident in the initial main effect, 
although these respective groups showed the effect at 
different absolute time values. This lengthening was 
also evident in the responses of right-handed men. 
However, the divergent group in the present case was 
the left-handed men. Although they show an initial 
lengthening in the first few trials, they subsequently 
reduced their estimates, especially in the latter half 
of the 20 total trials. This comparative pattern is il-
lustrated in Figure 1. This effect is evidently different 
across the four durations explored, as confirmed by a 
significant trial × sex × hand × duration interaction, 

figure 1. Recorded time estimates for the left- and right-handed men and women show differential lengthening patterns across trials
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F(57, 1596) = 3.525, p < .01. In general, this latter ef-
fect is simply a logical extension of the initial length-
ening effect itself because the three-way interaction 
becomes sequentially more evident as the length of 
the requested duration increases from 1 to 20 s. Thus, 
the three-way effect appears more and more evident 
as the target duration increases.
 Of even greater interest was the significant inter-
action between sex, handedness, and the hand used 
to produce the respective responses, F(1, 28) = 9.508, 
p = .005. This interaction is illustrated in Figure 2. 
Here, when left-handed women switch to their non-
preferred right hand they increase the length of the 
estimated interval. With this pattern they behave 
similarly to right-handed men, who also increase their 
estimate when they switch to their nonpreferred left 
hand. In contrast, right-handed women switching 
to their nonpreferred left hand reduce the length of 
their estimate. In this pattern they follow left-hand-
ed men, who when they switch to their right hand 
also reduce the length of their estimate. As with the 

previous three-way interaction, this interactive pat-
tern was also significantly influenced by the length 
of the interval estimated, F(3, 84) = 10.594, p < .01. 
In general, this four-way interaction of sex × hand 
used × handedness × duration replicated the earlier 
cited effect for target duration. That is, the three-way 
interactive effect became sequentially clearer as the 
target duration of the estimate itself increased.

Duration Judgment Ratio
As with much prior experimentation (see Hancock & 
Rausch, 2010), one way in which the aforementioned 
absolute effects of duration can be addressed is by 
expressing outcome results in the form of a DJR. This 
measure divides the outcome responses by the target 
duration and thus theoretically should express any 
noted effects per unit of estimated time. It is very 
important to note that this ratio scaling process as-
sumes that intrinsic effects are embedded in each unit 
of time (i.e., per second of the estimate) and that there 
are therefore no important thresholds between es-

figure 2. Interaction of time estimates with preferred hand (left side) and nonpreferred hand (right side) for male and female left-

handers and right-handers
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timates that range from 1 to 20 s. This proposition 
is itself subject to much debate (see Allan, 1979). 
However, as a consequence of the division process, 
analysis of the DJR should, again at least theoretically, 
provide little in the way of difference across the dif-
fering durations because the actual absolute estimate 
is divided by the respective target intervals to give an 
error rate per second measure. Thus, if any timing 
process were simply proportional to each unit of time 
(i.e., per second of the estimate), then no main effect 
for duration would be present.
 However, this is not the case with the present 
results, where we do see a significant main effect for 
duration in DJR, F(3, 84) = 9.59, p < .001. The re-
spective DJRs for the four intervals were 1 s, 1.051; 3 s, 
0.849; 7 s, 0.926; and 20 s, 1.019. For the three highest 
durations, we see a sequential increase in DJR. How-
ever, the exceptional result is the DJR value for the 1-s 
interval. It may be that this unexpectedly high DJR 
results primarily from the fact that a large percentage 
of this interval is occupied by the obligatory motor re-
sponse time (i.e., the minimum reaction time and the 
minimum movement time) to produce the 1-s estimate 
itself by pressing one button and then sequentially 
pressing another. This argues, as others have pre-
viously done (e.g., Block et al., 2010), that intervals 
below 3 s are actually disproportionately affected or 
masked by these motor response elements. In addi-
tion to a main effect for duration in DJR, there was 
also a main effect for the hand used. Here, the DJR 
value for the preferred hand (0.948) was significantly 
different from the DJR value for the nonpreferred 
hand (0.974), F(1, 28) = 5.166, p < .05. For DJR there 
was also one significant higher-level interaction. This 
involved a duration × hand × sex × hand used effect, 
F(3, 84) = 6.472, p < .003. This pattern replicated that 
found in the recorded times themselves.

Constant Error
A primary reflection of central tendency is the CE 
value, which is defined as the difference between the 
estimated duration and the target duration. Analysis 
of CE scores showed that there was a significant four-
way interaction between the duration of the estimate, 
the hand used, the preferred hand, and the sex of 
the participant, F(1, 28) = 10.594, p < .001. Again, 
this followed the pattern as reported in the recorded 
times themselves. There was also a comparable three-

way interaction in CE between the hand used, the 
preferred hand, and the sex of the participant, F(3, 
84) = 9.508, p < .006. This latter pattern shows that 
left-handed women using their preferred left hand 
underestimate (i.e., have the greatest negative CE) 
the most of any combination of handedness, hand 
used, and sex. However, right-handed women using 
their preferred right hand overestimate to the greatest 
degree (i.e., this group has the largest positive CE). 
This pattern follows the results for this interaction 
in the overall recorded times, as shown in Figure 2. 
Given the relationship of the CE scores to the origi-
nal recorded times, this replication is expected. The 
subsequent interaction with duration, as indicated 
by the aforementioned four-way interaction, again 
derives from the absolute differences occasioned by 
the length of the durations themselves.

Absolute Constant Error
A further reflection of performance error can be de-
rived from these CEs by simply taking their abso-
lute values. That is, the error from the target value 
is summed whether the participant underestimates 
or overestimates. For these ACEs there were two 
significant effects. The first was a simple main effect 
for duration, F(3, 84) = 36.292, p < .001. Unsurpris-
ingly, the level of absolute constant error grew with 
the length of target duration. These results very much 
followed the reported pattern for CE. The second 
significant effect was a four-way interaction between 
duration, the hand used, the hand preference, and 
the trial, F(57, 1596) = 2.315, p < .05. This general 
pattern again follows that previously established in 
other measures of central tendency.

Variable Error
Whereas the aforementioned reflections of perfor-
mance largely emphasize reflections of the mean, the 
first distributional moment, VE is a reflection of the 
second moment and is calculated as the standard 
deviation of any particular grouping of independent 
variables. With respect to the VE results, there was 
a strong and expected significant main effect for the 
interval duration, F(3, 84) = 98.628, p < .001. This 
result simply confirms that as the size of the requested 
duration grew from 1 to 20 s, the variability of the 
associated estimates also grew with it. The four VE 
values were 0.132 s for the 1-s target interval, 0.299 
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s for the 3-s target interval, 0.594 s for the 7-s target 
interval, and 1.837 s for the 20-s target interval, respec-
tively. There were no other main effects or interac-
tive effects for VE, which suggests that the significant 
influences involved in the present findings are pre-
dominantly those of central tendency.

Coefficient of Variation
Because it has been established that the variability of 
response grows with the target duration, it is important 
to ascertain whether such variability grows in direc-
tion proportion to the size of the target interval. This 
can be assessed through analysis of the COV, which 
is derived from the standard deviation of response di-
vided by the associated mean. Analysis was conducted 
on these COV scores, which produced an expected 
but nevertheless interestingly significant effect for du-
ration, F(3, 84) = 19.96, p < .001. Not unexpectedly, 
the COV decreased sequentially with the length of 
the target interval. However, subsequent analyses of 
these scores showed that the value derived from the 1-s 
interval (0.126) did not differ from that derived from 
the 3-s interval (0.117). However, each of these latter 
values differed significantly from both the value for the 
7-s interval (0.089) and the 20-s interval (0.087). These 
two latter scores did not differ significantly from one 
another. This result might indicate some discontinuity 
in the processes used to estimate the intervals below 3 
s as compared to those above 7 s. This proposition is 
considered in more detail in the Discussion. One other 
significant effect derived from analysis of the COV 
scores, and this involved the interaction between du-
ration and hand, F(3, 84) = 3.149, p < .05. Subsequent 
tests of simple effects showed that whereas the pattern 
for the left-handed participants followed the pattern 
shown in the main effect for duration, the pattern for 
right-handed participants varied in one particular 
respect. In this case, the COV value for the 1-s esti-
mate for right-handed participant proved significantly 
greater than that for all three other duration intervals, 
and some potential reasons for such an interaction are 
discussed in the next section.

DISCUSSION

With respect to the initial goal of this work to iden-
tify some of the sources of individual variation in the 
estimation of brief temporal intervals, the present ex-

periment provides some degree of illumination. The 
patterns of results with respect to sex and handed-
ness are especially informative. Right-handed women 
consistently produce the longest estimates, both on 
average and across each condition from the first to the 
last trial (see Figure 1). If we consider first the pattern 
for the use of the preferred hand only, we find that 
right-handed female respondents consistently pro-
duce longer estimates than their left-handed peers. 
In stark contrast, this pattern is directly reversed in 
male participants: Using their preferred hand, the 
right-handed men produce lower estimates than their 
left-handed peers. Although the variation across indi-
viduals still permeates these general effects, the out-
come is suggestive in terms of possible explanations 
based on sex-related hemispheric differentiation 
(Contreras, Mayagoitia, & Mexicano, 1985). Such 
outcomes provide further support for the conten-
tion of positive sex differences in time estimation (see 
Block et al., 2000; Hancock & Rausch, 2010), but in 
the present case of highly screened participants, the 
effect is moderated by their high degree of handed-
ness. As with previous findings, the sex difference 
here is consistent but not especially powerful and 
accounts for only a limited amount of the variance 
due to overall individual differences.
 To explicate further these individual differences, 
we clearly have to explore beyond the sex of the par-
ticipant alone. In the present work, this exploration 
was extended to the handedness of that participant. 
Based on the serendipitous observation derived from 
the results of Hancock and Rausch (2010) it was hy-
pothesized that handedness would indeed play a sig-
nificant role in duration estimation (see Efron, 1963a, 
1963b; Hecaen, Agostini, & Monzon-Montes, 1981). 
The first observation to be emphasized here is that 
there were no main effects observed solely for the 
handedness of the participant alone. Thus, handed-
ness per se played only an interactive role, and this 
was usually associated with the sex of the participant. 
Also, such effects were seen in conjunction with the 
hand used to produce responses, whether this was the 
preferred or nonpreferred one. The primary example 
of this pattern is illustrated in Figure 2. This shows 
the respective mean recorded times for male and 
female right- and left-handers using their preferred 
and nonpreferred hands, respectively. Intriguingly, we 
found that left-handed women behave in a manner 
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that is very similar to that of right-handed men when 
they are asked to switch to their nonpreferred hand. 
Conversely, in their pattern of response, right-handed 
women follow the pattern for left-handed men. In 
addition to this overall pattern, the absolute differ-
ence of the level of change between preferred and 
nonpreferred hand in these respective groups is also 
very similar (see Figure 2).
 This pattern of results in the mean response times 
shown in Figure 2 also exhibits other interesting 
features. When these radically handed participants 
generate their estimates using their preferred hand, 
we see a strongly differentiated response for the fe-
male group. In contrast, when using their preferred 
hand, there is little difference between the left- and 
right-handed men. However, when these respective 
groups switch to their nonpreferred hand, a very dif-
ferent outcome pattern emerges. Specifically, we see 
a coalescence in response that appears to be based 
primarily on the hand and not on the sex of the par-
ticipant. Thus, right-handers, both male and female, 
when using their nonpreferred left hand produce al-
most exactly the same level of mean overall estimate. 
The exact same convergence is true for the left-hand-
ed participants, both male and female, who, when 
using their nonpreferred right hand, also produce 
estimates of a very similar duration but at an absolute 
level below that of the right-handers (Figure 2).
 These patterns of convergence suggest that there 
are differential emphases on central and motor out-
flow components of processing emphasized when the 
person is constrained to respond using the hand that 
they very rarely use in everyday life. We must again 
remember that these respective groups are very high 
on the handedness scale. However, it is these patterns 
of results that can inform our theorizing about the 
potential hemispheric control of timing capacities. 
Before proceeding to such considerations, it should 
again be noted that the patterns reported here are de-
rived from a highly selected sample from the overall 
range of handedness in the general population (i.e., 
approximately 2.5% of the people first screened). This 
observation gives rise to concern about how much an 
understanding of handedness effects actually helps us 
to explain the overall variability in time estimation in 
the other 97%+ of the population at large.
 Also, before we proceed to a consideration of 
possible explanatory mechanisms underlying the 

present outcome pattern, it is important to examine 
the assumption that was stated about the use of the 
DJR measure. As noted earlier, use of the DJR itself 
actually represents an implicit theoretical assump-
tion. This assumption concerns the homogeneity of 
time in human perception. Thus, when we divide 
estimates by the actual target duration, the calculation 
embodies a specific assumption that all durations are 
composed of homogenous time units. More explicitly, 
it assumes that the mechanisms that underlie the es-
timation of 20 s are essentially the same mechanisms 
that underlie the estimate of 1 s but just multiplied 20 
times. Typically, this mechanism has been conceived 
of as some form of clock (see Treisman, 1984) but one 
that can vary in its intrinsic frequency. Some aspects 
of the present results can address this assumption. 
For example, the coefficient of variation showed a 
significant discontinuity between the 3-s and 7-s in-
tervals. This discontinuity might imply that there is 
indeed some threshold above 3 s but below 7 s that 
parses the activity of two separate timing processes 
(see Iberall, 1992). Differentiation of such processes 
would implicate at least two potentially distinct mech-
anisms in the generation of estimates at these differ-
ent durations. A number of relevant commentaries 
(e.g., Allan, 1979; Poppel, 1988) have suggested this 
notion of separate mechanisms for the estimation of 
intervals of differing duration (see Grondin, 2001). 
The notion of temporal horizons also raises the is-
sue of time estimates via learned motor productions 
such as button presses, as used in the present experi-
ment. The production technique, like the reproduc-
tion technique also used in time perception research 
(Bindra & Waksberg, 1956), often uses motor outputs 
to provide the starting or stopping response. In this 
they are unlike verbal estimation, which requires 
the person to attach a temporal–semantic label to a 
presented interval. The problem here derives from 
the percentage of the estimated duration, which is 
obligatorily taken up by the motor element. When 
estimating an interval of 20 s, the two motor responses 
of perhaps 500 ms in total represent only a very small 
fraction of the total time. However, when those same 
obligatory starting and stopping movements are in-
cluded in an estimate of 1 s, they take up 50% of the 
estimated interval. At this juncture it is difficult to as-
certain whether one is testing temporal perception of 
temporal motor accuracy. It is for this reason, despite 
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the present findings, that care must be exercised in 
the selection of the assessment method when looking 
to examine time perception at short durations (see 
Block et al., 2010).
 Any explanatory account of the present pattern 
of findings has to be founded on certain established 
effects. The primary established effect in the present 
work is the consistent difference between the sexes 
(see Hancock, 2011). Traditionally, in the area of sex 
differences in cognition, such capacity variations 
have often been explained by reference to differential 
hemispheric specialization (see Baker, 1987; Kimu-
ra, 1999; Maccoby & Jacklin, 1974; Witelson, 1976). 
The degree to which hemispheric effects in general 
exert an impact on human behavior has also been 
the subject of ongoing contention (see Efron, 1990). 
However, there is evidence that timing capacities are 
differentially enabled in the respective hemispheres 
(Vroon, Timmers, & Templaars, 1977). Furthermore, 
the link between individual characteristics and corti-
cal networks underlying time perception remains a 
fruitful avenue of evaluation, and this area is the sub-
ject of growing clarification (Harrington, Haaland, 
& Knight, 1998; Rammsayer, 1997; Rao, Mayer, & 
Harrington, 2001; Witelson, 1989). Many accounts 
can be derived of differences in temporal process-
ing caused by differences in hemispheric function 
(Brown & Nicholls, 1997; Bruyer, 1986; Contreras et 
al., 1985; Sobotke & Budohoska, 1988; Szymanski, 
Czachowska-Sieszycka, & Sobotka, 1982). Indeed, 
it is possible to generate an account of the aforemen-
tioned sex differences founded almost completely 
on hemispheric asymmetry alone (Genetta-Wadley 
& Swirsky-Sacchetti, 1990). However, such various 
interpretations still need clarification (Mo & Chavez, 
1986; Molfese, 1980; Molfese, Buhrke, & Wang, 1985; 
Vroon et al., 1977) especially in light of the important 
neurophysiological evidence that is rapidly emerging 
(Coull, Vidal, Nazarian, & Macar, 2004; Eagleman 
et al., 2005; Gibbon & Malapani, 2002), and most 
especially because the number of free variables in 
the potential explanation can account for almost any 
outcome pattern in the data.
 However, here we can seek to use this under-
standing to explain the observed differences, espe-
cially in the multiple-way interactions between sex, 
handedness, and the hand used to produce responses 
(see Harshman, Hampson, & Berenbaum, 1983). Ini-

tially, given the screening of participants for a high 
degree of handedness, we might assume that these 
people represent a high level of a priori hemispheric 
specialization. Furthermore, we might suggest that 
resident sex differences are expressed to some degree 
in the response scores between right and left-handed 
men and women when using their preferred hand. 
This being so, it suggests that the right-handed men 
are most closely allied with left-handed women and 
vice versa. The interactive pattern shown in Figure 
2 can now be explained by a notion of spreading 
activation. If the timing function is initiated in the 
left hemisphere and then spreads to the contralateral 
hemisphere for response to occur, we get the pat-
tern illustrated in Figure 2. Such hemispheric dif-
ferentiation and cross-hemisphere activation imply 
the convergence of estimates by right-handers when 
forced to use their left hand, and this convergence is 
replicated when left-handers are forced to use their 
right hand. The absolute difference in the left- and 
right-handed groups when using their nonpreferred 
hand is a function of the need to cross the respective 
hemispheres to initiate response.
 The overall pattern suggests that the women are 
more highly lateralized in their timing responses 
than the comparatively selected men, although 
they both express the same score on the handed-
ness inventory (Bryden, 1989; McGlone, 1980; 
Webster, Scott, Nunn, McNeer, & Varnell, 1984). 
Although this might imply a need to provide ad-
ditional temporal measures in batteries of handed-
ness assessment itself, this observation provides the 
starting point for any hemispheric-based account 
of the current pattern of findings (Potter & Graves, 
1988; Ray, Morell, Frediani, & Tucker, 1976). The 
time taken for the estimate to be generated in the 
left hemisphere for the right-handed women and 
subsequently transmitted through the left response 
hand actually is lower than that of their normal use 
of the preferred hand, although this difference is 
itself very small. However, the absolute time esti-
mates themselves are each above the required target 
times and are therefore overestimates. Because they 
express less lateralization in their original estimates 
with their preferred hand, the right-handed men are 
thus slowed when they cross to the nonpreferred left 
hand. Now, when they use their nonpreferred hand, 
the original sex difference disappears. The mirror 
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of this pattern is seen for left-handed men and left-
handed women. The difference between these two 
overall patterns appears to be one of degree and 
is apparently related to the individual processing 
capacities of the hemispheres themselves regardless 
of sex, handedness, or even hand used for response 
(Kimura & Archibald, 1974; but see Witelson, 1985). 
The next step in a fuller, hemisphere-based differ-
entiated explanation of these effects depends on 
more detailed neurophysiological exploration of 
the specific time course of events (see Sobotke & 
Budohoska, 1988; Treisman, 1984). This could be 
achieved through neuroimaging techniques that are 
sufficiently temporally discriminative to elucidate 
the specific time course of response, contingent on 
both central processing and motor outflow elements 
of response.
 The final duty of discussion of the present re-
sults is to consider the logical antithesis to the original 
motivation for the search for the source of individ-
ual differences in time estimation itself. The whole 
search arises because of the reification of the physi-
cal metric of time. That is, the clock time derived 
by the deterministic changes in the spatial position 
of the reference timekeeper is here considered the 
reality (the physics of the psychophysics), and the 
deviation exhibited by each participant from this 
referent value is called the perceptual error (the psy-
cho of the psychophysics). This issue permeates the 
whole of psychophysics, in which the physics ele-
ment is considered the reality and the psychological 
response is either the matching veridical percept or 
the error-reflected, mistaken perception of this reality. 
Questioning this assumption begins to involve us in 
important philosophical disputes about the degree 
to which reality is an external construct and our per-
ception of it only a limited subset. Such issues have 
sat at the foundation of philosophical and scientific 
inquiry since the time of Plato and before. Here, it is 
sufficient to ask whether time itself is a unitary dimen-
sion or whether it might have multiple aspects. The 
upshot for the present investigation is that the basic 
assumptions, which underlie a search for sources of 
individual variation in time perception, may them-
selves be flawed in their very essence. It is not the 
purpose here to endeavor to solve such issues but 
rather to raise them as the effort progresses in order 
to ascertain the ongoing value of such efforts to iden-

tify individual variation. Larger concerns about such 
pertinent issues have been expressed in psychology 
itself for many decades (Cronbach, 1957).

Summary
The present work has sought to distinguish some of 
the individual characteristics that affect the percep-
tion of brief intervals of time. When samples were 
matched for their degree of handedness and when 
differences in the hand used for response were evalu-
ated, it became clear that handedness plays a role in 
time estimation. However, this effect occurs in con-
junction with the sex of the individual. The individ-
ual-specific differences that affect the perception of 
both brief and more prolonged intervals of time have 
yet to be determined (but see Hancock, 2010). How-
ever, the data reported in the present work elucidate 
one small piece of this ongoing puzzle.

NOTES

I am very grateful to Mar Rodriguez and Aaron Duley for all 
their efforts in relation to the present work. The assistance of 
Dr. James Szalma with respect to the statistical analyses in the 
present work is also gratefully acknowledged.
 Address correspondence about this article to P. A. Han-
cock, Department of Psychology, University of Central Flori-
da, Orlando, FL 32816 (e-mail: phancock@mail.ucf.edu).

REFERENCES

Allan, L. G. (1979). The perception of time. Perception & Psy-
chophysics, 8, 340–354.

Baker, M. A. (Ed.). (1987). Sex differences in human perfor-
mance. New York, NY: Wiley.

Bindra, D., & Waksberg, H. (1956). Methods and terminol-
ogy in studies of time estimation. Psychological Bulletin, 
53, 155–159.

Block, R. A. (1990). Models of psychological time. In R. A. 
Block (Ed.), Cognitive models of psychological time (pp. 
1–35). Mahwah, NJ: Erlbaum.

Block, R. A., Hancock, P. A., & Zakay, D. (2000). Sex dif-
ferences in duration judgments: A meta-analytic review. 
Memory & Cognition, 28, 1333–1346.

Block, R. A., Hancock, P. A., & Zakay, D. (2010). Cognitive 
load affects duration judgments: A meta-analytic review. 
Acta Psychologica, 134, 330–343.

Block, R. A., Zakay, D., & Hancock, P. A. (1998). Human 
aging and duration judgments: A meta-analytic review. 
Psychology and Aging, 13, 584–596.

Block, R. A., Zakay, D., & Hancock, P. A. (1999). Develop-
mental changes in human duration judgments: A meta-
analytic review. Developmental Review, 19, 183–211.

Brown, S., & Nicholls, M. E. R. (1997). Hemispheric asym-

186  •  hancock

AJP 124_2 text.indd   186 5/18/11   10:42 AM

This content downloaded  on Thu, 28 Feb 2013 13:11:35 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


metries for the temporal resolution of brief auditory inter-
vals. Perception & Psychophysics, 59(3), 442–447.

Bruyer, R. (1986). Is the left hemisphere of the human 
brain more time-dependent than the right? Annee Psy-
chologique, 86, 247–259.

Bryden, M. P. (1989). Handedness, cerebral lateralization, 
and measures of “latent left-handedness.” International 
Journal of Neuroscience, 44, 227–233.

Buhusi, C. V., & Meck, W. H. (2005). What makes us tick? 
Functional and neural mechanisms of intervals timing. 
Nature Neuroscience, 6, 755–765.

Carmon, A., & Nachson, I. (1971). Effect of unilateral brain 
damage on perception of temporal order. Cortex, 7, 
410–418.

Clausen, J. (1950). An evaluation of experimental methods of 
time judgment. Journal of Experimental Psychology, 40, 
756–761.

Cohen, J., & Haran, D. (1974). Subjective relativity and 
cerebral dominance. Journal de Psychologie Normale et 
Pathologique, 71, 157–169.

Contreras, C. M., Mayagoitia, L., & Mexicano, G. (1985). In-
ter-hemispheric changes in alpha rhythm related to time 
perception. Physiology & Behavior, 34, 525–529.

Coren, S (1992). The left-hander syndrome: The causes and 
consequences of left-handedness. New York, NY: Free 
Press.

Coren, S., & Halpern, D. F. (1991). Left handedness: A mark-
er for decreased survival fitness. Psychological Bulletin, 
109(1), 90–106.

Coull, J. T., Vidal, F., Nazarian, B., & Macar, F. (2004). Func-
tional anatomy of the attention modulation of time estima-
tion. Science, 303, 1506–1508.

Cronbach, L. J. (1957). The two disciplines of scientific psy-
chology. American Psychologist, 12, 671–684.

Doob, L. W. (1971). The patterning of time. New Haven, CT: 
Yale University Press.

Eagleman, D. M., Tse, P. U., Buonomano, D., Janssen, P., 
Nobre, A. C., & Holcombe, A. O. (2005). Time and the 
brain: How subjective time relates to neural time. Journal 
of Neuroscience, 25(45), 10369–10371.

Efron, R. (1963a). The effect of handedness on the perception 
of simultaneity and temporal order. Brain, 86, 261–284.

Efron, R. (1963b). The effect of stimulus intensity on the per-
ception of simultaneity in right- and left-handed subjects. 
Brain, 86, 285–294.

Efron, R. (1990). The decline and fall of hemispheric special-
ization. Mahwah, NJ: Erlbaum.

Fraser, J. T. (1987). Time: The familiar stranger. Redmond, 
WA: Tempus.

Genetta-Wadley, A., & Swirsky-Sacchetti, T. (1990). Sex dif-
ferences and handedness in hemispheric lateralization of 
tactile-spatial functions. Perceptual and Motor Skills, 70, 
579–590.

Gibbon, J., & Malapani, C. (2002). Neural basis of timing and 

time perception. In L. Nabel (Ed.), Encyclopedia of cogni-
tive science (pp. 305–311). London, England: MacMillan.

Grondin, S. (2001). From physical time to the first and sec-
ond moments of psychological time. Psychological Bul-
letin, 127(1), 22–44.

Grondin, S. (Ed.). (2008). Psychology of time. Bingley, Eng-
land: Emerald.

Guay, M., & Salmoni, A. W. (1988). Human time estimation: 
Procedural effects. Bulletin of the Psychonomic Society, 
26, 19–22.

Guyau, M. (1890). La genese de l’idee du temps [The origin of 
the idea of time]. Paris, France: Alcan.

Halpern, D. F., & Coren, S. (1988). Do right handers live lon-
ger? Nature, 333, 213.

Halpern, D. F., & Coren, S. (1991). Hand preferences and life 
span. New England Journal of Medicine, 324, 998.

Hancock, P. A. (2010). The effect of age and sex on the per-
ception of time in life. American Journal of Psychology, 
123, 1–13.

Hancock, P. A. (2011). Cognitive differences in the ways men 
and women perceive the dimension and duration of time: 
Contrasting Gaia and Chronos. Lewiston, NY: Edwin 
Mellen Press.

Hancock, P. A., & Rausch, R. (2010). The effects of sex, age, 
and interval duration on the perception of time. Acta Psy-
chologica, 133, 170–179.

Harrington, D. L., Haaland, K. Y., & Knight, R. T. (1998). 
Cortical networks underlying mechanisms of time per-
ception. Journal of Neuroscience, 18(3), 1085–1095.

Harshman, R. A., Hampson, E., & Berenbaum, S. A. (1983). 
Individual differences in cognitive abilities and brain 
organization: Sex and handedness differences in ability. 
Canadian Journal of Psychology, 37, 144–192.

Hecaen, H., Agostini, M. D., & Monzon-Montes, A. (1981). 
Cerebral organization in left-handers. Brain and Lan-
guage, 12, 261–284.

Hicks, R. E., Miller, G. E., & Kinsbourne, M. (1976). Pro-
spective and retrospective judgments of time as a function 
of amount of information processed. American Journal of 
Psychology, 89, 719–730.

Iberall, A. S. (1992). Does intention have a characteristic fast 
time scale? Ecological Psychology, 4, 39–61.

Iberall, A. S. (1995). A physical (homeokinetic) foundation 
for the Gibsonian theory of perception and action. Eco-
logical Psychology, 7, 37–68.

James, W. (1890). Principles of psychology. New York, NY: 
Holt.

Kimura, D. (1999). Sex and cognition. Boston, MA: MIT 
Press.

Kimura, D., & Archibald, Y. (1974). Motor functions of the 
left hemisphere. Brain, 97, 337–350.

Maccoby, E. E., & Jacklin, C. N. (1974). The psychology of sex 
differences. Stanford, CA: Stanford University Press.

McGlone, J. (1980). Sex differences in human brain asym-

seX, handedness, and tiMe PercePtion  •  187

AJP 124_2 text.indd   187 5/18/11   10:42 AM

This content downloaded  on Thu, 28 Feb 2013 13:11:35 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


metry: A critical survey. Behavioral and Brain Sciences, 
3, 215–263.

Mo, S. S., & Chavez, M. R. (1986). Perceptual aberration and 
brain hemisphere reversal of fore-period effect on time 
estimation. Journal of Clinical Psychology, 42, 787–792.

Molfese, D. L. (1980). Hemispheric specialization for tempo-
ral information: Implications for the perception of voicing 
cues during speech perception. Brain and Language, 11, 
285–299.

Molfese, D. L., Buhrke, R. A., & Wang, S. L. (1985). The 
right hemisphere and temporal processing of consonant 
transition durations: Electrophysiological correlates. 
Brain and Language, 26, 49–62.

Oldfield, R. C. (1971). The assessment and analysis of hand-
edness: The Edinburgh inventory. Neuropsychologia, 9, 
97–113.

Polzella, D. J., DaPolito, F., & Hinsman, M. C. (1977). Cere-
bral asymmetry in time perception. Perception & Psycho-
physics, 21, 187–192.

Poppel, E. (1988). Mindworks: Time and conscious behavior. 
Boston, MA: Harcourt Brace Jovanovich.

Pos, R. (2006). The gender beyond sex: Two distinct ways of 
living in time. Bloomington, IN: Trafford.

Potter, S. M.,& Graves, R. E. (1988). Is interhemispheric 
transfer related to handedness and gender? Neuropsycho-
logia, 26, 319–325.

Rammsayer, T. H. (1997). On the relationship between per-
sonality and time estimation. Personality and Individual 
Differences, 23(5), 739–744.

Rammsayer, T. H. (2002). Temporal information processing 
and basic dimensions of personality: Differential effects 
of psychoticism. Personality and Individual Differences, 
32(5), 827–838.

Rammsayer, T., & Lustnauer, S. (1989). Sex differences in 
time perception. Perceptual and Motor Skills, 68, 195–198.

Rao, S. M., Mayer, A. R., & Harrington, D. L. (2001). The 
evolution of brain activation during temporal processing. 
Nature Neuroscience, 4, 317–323.

Ray, W. J., Morell, M., Frediani, A. W., & Tucker, D. (1976). 
Sex differences and lateral specialization of hemispheric 
functioning. Neuropsychologia, 14, 391–394.

Riss, W. (1984). Testing a theory of brain function by com-
puter methods: IV. Comparing spatial and temporal order 
in the two cerebral hemispheres. Brain, Behavior and 
Evolution, 24, 177–183.

Rumenik, D. K., Capasso, D. R., & Hendrick, C. (1977). Ex-
perimenter sex effects in behavioral research. Psychologi-
cal Bulletin, 84, 852–877.

Sobotke, S., & Budohoska, W. (1988). Evoked responses 
from the left and right hemisphere during time percep-
tion. Polish Psychological Bulletin, 19, 101–110.

Szymanski, L., Czachowska-Sieszycka, B., & Sobotka, S. 
(1982). Task influence on hemispheric differences in the 
stimulus duration evaluation (time perception). Polish 
Psychological Bulletin, 13, 255–265.

Treisman, M. (1984). Temporal rhythms and cerebral 
rhythms. Annals of the New York Academy of Sciences, 423, 
542–565.

Vroon, P. A. (1972). The lengthening effect in sequential es-
timations of a short interval: An alternative explanation. 
Psychologische Forschung, 35, 263–276.

Vroon, P. A., Timmers, H., & Tempelaars, S. (1977). On the 
hemispheric representation of time. In S. Dornic (Ed.), 
Attention and performance VI (pp. 231–245). Mahwah, NJ: 
Erlbaum.

Webster, J. S., Scott, R. R., Nunn, B., McNeer, M. F., & Var-
nell, N. (1984). A brief neuropsychological screening pro-
cedure that assesses left and right hemispheric function. 
Journal of Clinical Psychology, 40, 237–240.

Williams, S. M. (1991). Handedness inventories: Edinburgh 
versus Annett. Neuropsychology, 5(1), 43–48.

Witelson, S. F. (1976). Sex and the single hemisphere: Spe-
cialization of the right hemisphere for spatial processing, 
Science, 193, 425–427.

Witelson, S. F. (1985). The brain connection: The corpus cal-
losum is larger in left-handers. Science, 229, 665–668.

Witelson, S. F. (1989). Hand and sex differences in the isth-
mus and genu of the human corpus callosum. Brain, 112, 
799–835.

Wittmann, M., & van Wassenhove, V. (2009). The experience 
of time: Neural mechanisms and the interplay of emotion, 
cognition and embodiment. Philosophical Transactions of 
the Royal Society, B, 364, 1809–1813.

Zimbardo, P. G., & Boyd, J. N. (1999). Putting time in 
perspective: A valid, reliable, individual-differences 
metric. Journal of Personality and Social Psychology, 77, 
1271–1288.

Zimbardo, P. G., & Boyd, J. (2008). The time paradox: The 
new psychology of time that will change your life. New 
York, NY: Free Press.

188  •  hancock

AJP 124_2 text.indd   188 5/18/11   10:42 AM

This content downloaded  on Thu, 28 Feb 2013 13:11:35 PM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp



