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Numerical Effects on Timing System Pathways.
1. Introduction

The ability to estimate durations of time is esiséfor making rational decisions,
accurate memories, associations of events, andicabion of movements in response to
stimuli. Without being able to make temporal estiores, we wouldn't be able to make
judgments about oncoming velocities, or even be @btoordinate our movements
enough to flee from danger. Studying human’s ahibtestimate temporal durations
could lead to a greater understanding of our cognébilities as well as the processes
that underlie temporal estimation.

Organisms appear to have evolved different systerdsal with time. The three
timing systems are circadian timing, interval tigniand millisecond timing. Circadian
timing works over the range of a twenty four haght-dark cycle and controls behaviors
such as appetite and sleep-wake cycle. Intervahgiiworks in the seconds to minutes
range and is involved in decision making and farggMillisecond timing works in the
range of milliseconds and is used for motor cordral language.

Circadian, interval, and millisecond timing may atwve different neural
mechanisms (Buhusi et al. 2005). The circadiankctmordinates metabolic and
behavioral rhythms through a network of transcoipéil feedback loops, activated by
light input and social information. In mammals thecadian clock is located in the
suprachiasmatic nucleus of the hypothalamus.duiisently thought that millisecond
timing uses long-term depression and long-termrgiatgon, which are the weakening
and strengthening of neural synapses, in the ckuebé& process millisecond durations.

The least well understood is interval timing. Oreeiral hypothesis suggests that interval



timing uses long-term depression and long-termrgiateon in corticostriatal circuits and
intact striatum dopamine neurons to process sedorations. Sometimes both the
striatum and cerebellum would be activated in wdktiming as well.

Fraisse (1963) originally proposed that there @@ttming systems with
different properties for millisecond and seconditignh There has been experimental
support for the idea for two timing systems (Ulbret al. 2007). For example, one recent
experiment indicated that temporal reproductionl®fer and shorter intervals used
different processes. This experiment comparedapsoductions of three to five second
long intervals, termed longer intervals, to therogloictions of one to two second long
intervals, termed shorter intervals. The subjeasld either hear a tone or see a square
on the screen for a certain duration, and thersdihgects were asked to replicate the
duration of the stimulus using another stimulure if the previous stimulus was a tone
or a square if the previous stimulus was a squdre.experiment showed that shorter
intervals had no effects of modality or the us&ofking memory, which supports
Fraisse’s idea that shorter durations are perceaseglunit and do not use working
memory. The experiment also showed that longeniate were strongly influenced by
cognitive processes, supporting Fraisse’s ideadinger durations are estimated and use
working memory.

However results of other research have not beesistent with the idea that there
are separate timing systems. For instance, Ram§z@5) conducted experiments to
test the idea that there were two separate timiaghenisms, one for processing
millisecond information and another for procesdomper durations. All four

experiments used a dual task approach. The exp@sra# used a timing task as the



primary task but differed on the secondary tasle fiitst experiment used mental
arithmetic as the secondary task. The second ewrpatiused a memory search task as
the secondary task. The third experiment usedusgtial memory task as the
secondary task. The fourth experiment used a lasgdmanipulation task as the
secondary task. The subjects would have to comptatetasks at the same time during
each experiment. It was thought that the secontdais would interfere with the ability
to time longer intervals and not interfere with #imlity to time millisecond long
intervals, as timing longer intervals use cognifwvecessing and millisecond long
intervals use automatic processing. It was showhithexperiments 1 and 4 the
secondary task caused interference with the tirafrigbth millisecond long durations and
longer durations. The secondary task caused ndenéace in the timing of either
duration in experiments 2 and 3. As a result of,thiis argued that there are not two
distinct timing systems. Although there has beeanesevidence that has refuted the idea
that there are separate timing systems therdlisnstie evidence in support of this idea,
and therefore this hypothesis is still being adyivesearched.

Many different theories have been proposed as teaggplain how animals
represent the different timing systems. One impotiaeory is the scalar timing theory,
which has been primarily used to account for timmghe seconds to minutes range, but
theoretically it can be used for all scales of tif@aurch 1997). Both human and animal
timing experimental data can be explained usintastianing theory. This theory
proposes that a neural pacemaker-accumulator systesed for generating time signals.
In addition to temporal estimation, both number araynitude could be estimated using

the scalar timing theory. The pacemaker is arllagmi that emits pulses in time. The



accumulator is a counter that temporarily storessamms the pulses that the pacemaker
emits. The accumulator can only store the totallmemof pulses temporarily. The value
in the accumulator is encoded to reference menwriphger storage and retrieval
(Buhusi et al. 2005). The temporal estimation islenay the ratio between the current
subjective time, which is currently being held e taccumulator, compared to the clock
reading, which is the number of pulses currentbyest in the reference memory.

A recent functional MRI study has attempted tovghdhich brain regions are
activated during the interval encoding stage ofasdaming theory. (Harrington et al.
2004)As it was important to ensure that intervadéserencoded in each trial, Harrington
et al. (2004) implemented a time perception task tbnsisted of two standard intervals
that were randomly presented. Functional MRIs v@ken as the subjects encoded the
intervals, and these images were then analyzed.sthdy showed that regions of the
basal ganglia, cerebellum, and cerebral cortex aetigated during interval encoding.
Only some of these regions, including the righeridr parietal cortex, are correlated
with behavioral measures of time discrimination.

The right inferior parietal lobe has been implkezhimore generally in magnitude
estimation of quantity, time and space (Walsh 20@3)as already been shown that the
right inferior parietal cortex is important for tenperception (Harrington et al. 2004). It
has also been shown that the right parietal costextivated in comparison and
estimation number processes. Walsh (2003) propgbaetime and number use common
magnitude mechanisms that may be located in thetphcortex. This means that the
magnitude of a number may influence the magnitddkeotime judgment.

The association of the magnitude estimationsraptaal discrimination and



numerical comparison may mean that what affectguatgment (magnitude) should
affect the other judgment (duration). The abilifyacnumber to affect judgments is called
the anchoring effect, where the perceived numbealied an anchor (Janiszewski et al.
2008). The anchoring effect could be used to febei magnitude estimation system is
used in time perception.

In a recent psychophysical discrimination task expent rats showed the ability
to record number and time simultaneously (MecK.e1283). In order to explain these
findings a dual mode model has been proposed wiantains a clock, memory, and
decision processes. The dual mode model is sitoildre scalar theory of time except the
dual mode model proposes that there are two acaianslinstead of just the one
proposed in scalar timing theory. One accumulatould be a time accumulator, which
would have run and stop modes. The other accumudatold be a clock accumulator,
which would operate in an event mode. This modslldeen supported through
neuroimaging and electrophysiological studies wisigggested that the basal ganglia,
prefrontal cortex, and posterior parietal cortexiarvolved in number representation as
well as in interval timing (Buhusi et al. 2005; bn et al. 2004). The ability of animals
to record number and time simultaneously has a®mn Isupported through the
aforementioned functional MRI study. The functioNd#RI experiment showed that the
parietal cortex was activated in both number mdaipan as well as interval encoding
(Harrington et. al 2004).

Knowing that time and number perception can betihdzorded simultaneously
and may use the same neural pathways for encaticey) be theorized that number

perception can alter time perception. It has béenva that the increasing duration of a



stimulus can cause the overestimation of numerositych shows that the perception of
one element has an impact on the other (Allik e1893). It is possible that an increased
number value could cause the overestimation oftaurand the decreased number value
could cause the underestimation of duration, jagha increased duration can cause
overestimation of numerosity. It has already bdews by Oliveri et al. (2008) that
numbers can influence time perception in millisettming. In their experiment,
subjects judged whether a digit, also called adest had been presented for a longer or
shorter duration than a reference digit. The refeeedigit was always shown first in this
experiment. The reference digit was always the rarrBland always remained on the
screen for 300 milliseconds. The test cue was stadten the reference digit. The test cue
was either “1”, “5”, or “9”. The test cue remained the screen for either 250, 260, 270,
280, 290, 300, 310, 320, 330, 340, or 350 milliselso The duration of the test cue was
randomized across the trials, with five presentetiof each number. They also ran two
control experiments. One control experiment usatbpdigit numbers, such as 11, 15,
or 19. The other control experiment used lettarshsas M, |, or Q. The letter control
experiment showed that just changing the displayettimed does not affect the
perception of time. The double digit control expegint showed that double digit
numbers do affect the perception of time. This sugthe idea that time perception can
be altered based on the numerical magnitude, mgé#amger digits bias estimations
toward longer durations and smaller digits biagrestions toward shorter durations.

The ability of numerical magnitude to influenceé perception has also been
shown in another experiment by Vicario (2007). Téiperiment used a perceptual time

bisection task where the subjects were asked todepe half of the sample display’s



duration with a test cue, and imaginative time dis@& task, where the subjects were
asked to reproduce half of the sample display'stilom with an imaginary mental timer.
This experiment showed that numbers altered tidgments in imaginative time
bisection tasks and not in perceptual time bisadtgks, which may mean that time
imagination and time perception are differentlyeatéd by numerical magnitudes.
While it has already been shown that increasedoeuvalue can cause subjects
to overestimate duration and decreased numbersahrecause underestimation of
duration in millisecond timing, this phenomenon hasbeen shown in second timing. If
millisecond and second timing use different proessas proposed by Buhusi et al.
(2005), then they may be subject to different @etéons with number. | am going to
further study this phenomenon by running experismésdting the impact of numbers on
duration within second timing, as well as replicéie experiment done by Oliveri et
al.(2008). These experiments will be using the anol effect to test the effect of
numerical magnitude on time perception. | expeat lrger single digits will cause
overestimation of duration and smaller single digitll cause underestimation of

duration in both the millisecond and second ranges.



2. Materialsand M ethods

2.1 SQubjects

All 104 participants were volunteers, who were ngka psychology class at
Oregon State University. The volunteers were nat fraparticipate in our study; instead
they were given extra credit in the psychology sldey were taking that term.
Participation conditions were approved by the Ore§tate University Institutional

Review Board and met all current ethical guidelifteghe use of human participants.

2.2 Materials

All of the following experiments utilized four défent computers and seven
different computer programs written and modifieddoy Ryan and Brandon High.

Experiments 1 through 4 used two Pentium computermsing DOS. These
experiments utilized computer programs written anadlified by Dr. Ryan, who used the
programming language C. These computer programs ugad because they were
written for experiments using durations in the selsorange, and experiments 1 through
4 were also using durations in the seconds range.

The remaining experiments used newer computersmgmiindows XP. These
experiments utilized computer programs written amadlified by both Dr. Ryan and
Brandon High, who used the Tscope experiment progriag library for the C
programming language. Experiments 5 and 6 weregyudinations in the milliseconds
range. Programs written for DOS could not make mteunillisecond long durations, but

programs utilizing Tscope could make accurate s&tiond long durations.



2.3 Experiments

All experiments tested the idea that numbers cahar duration judgments.
Small numbers should shorten duration judgmentdangér numbers should lengthen
duration judgments. Letters of a similar appearanee used as a control for the
different displays to be tested. Experiments usteiea reproduction or a comparison
task. In the reproduction task students would @nsample condition and then after a
short delay they would reproduce that duration \aitieplication condition. In the
comparison task students would compare the congmacsndition’s duration with that
of the sample condition and state whether or mottimparison condition’s duration was
longer than that of the sample condition. Each remob letter was displayed on the
computer screen for a certain duration of time. Sigjects would see the numbers and
letters, but the duration of each would be unknowe.measured the subject’s duration
reproduction to determine the effect of numberslatidrs on time perception.

Before the subjects went into the experiment, wéucted them on how to do the
experiment, as well as got their informed conséfé.also asked them to not count out
the duration of the symbol, as we were testing gheiceptions, not their ability to time
via counting. The subject would then sit at a cotapurhe first screen the subjects saw
was an instruction screen, explaining what buttonsress to do the different tasks in the
experiment. After the subjects read the instrudtitrey would then start the trials. At the
end of the experiment we would debrief the paréinig by explaining the experiment
and our expectations to each subject.

The first two experiments deal with timing in thdlisecond range whereas the

last four experiments deal with timing in the setoange. We thought that it was



important to test both time ranges, as to discayndiferences in the ranges.
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2.3.1 Experiment 1

This experiment is a replication of the time petmepexperiment done by Oliveri
et al. (2008) This experiment utilized a betweeniett design of letters versus numbers.
There were two conditions in this experiment. Tils experimental condition dealt
with only numbers, whereas the control conditiothis experiment dealt only with
letters. In both versions there was a sample sythiadllasted for a set duration and
comparison symbols that lasted for varying duration

The duration for the sample display was 300 neitlands. The durations for the
comparison display were 250 milliseconds, 260 s@llionds, 270 milliseconds, 280
milliseconds, 290 milliseconds, 300 milliseconds) 3nilliseconds, 320 milliseconds,
330 milliseconds, 340 milliseconds, and 350 miimads. The sample number display
was 5. The comparison number displays were 1,db9aimhe sample letter display was
M. The comparison letter displays were |, M andE@ch comparison number display
and comparison letter display was paired with atloin in each version. This experiment
used a blocked design. Each number or letter wegrarated into its own block, thus each
version has three blocks. These pairings result&3 isample conditions for each version
of this experiment as seen in table 1.1 and 1.@vwel

Presentation order was counter balanced. The awabered subjects saw block
one first, block two second, and block three IBet.each version, the odd numbered
subjects would see block three first, block twoosel; and block one last. The sample
conditions for each block were displayed a totdiva times. Each sample condition
within each block was displayed randomly throughtbat block. At the end of each trial

the subject would be asked if the comparison syrappkared on the screen for a longer
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or shorter duration than the sample symbol. Thisgarison was done with either the

number 1, 5, or 9 for the number version and eitheietter 1, M, or Q for the letter

version.
Experiment 1 Sample Conditions, Number Version
Block Sample Sample Display Comparison Duration
Condition Display

1 1 5 1 250
1 2 5 1 260
1 3 5 1 270
1 4 5 1 280
1 5 5 1 290
1 6 5 1 300
1 7 5 1 310
1 8 5 1 320
1 9 5 1 330
1 10 5 1 340
1 11 5 1 350
2 12 5 5 250
2 13 5 5 260
2 14 5 5 270
2 15 5 5 280
2 16 5 5 290
2 17 5 5 300
2 18 5 5 310
2 19 5 5 320
2 20 5 5 330
2 21 5 5 340
2 22 5 5 350
3 23 5 9 250
3 24 5 9 260
3 25 5 9 270
3 26 5 9 280
3 27 5 9 290
3 28 5 9 300
3 29 5 9 310
3 30 5 9 320
3 31 5 9 330
3 32 5 9 340
3 33 5 9 350
Sample Size = 17

Table 1.1




Experiment 1 Sample Conditions, Letter Version

ample Size = 17

Block Sample Sample Display Comparison Duration

Condition Display
1 1 M [ 250
1 2 M [ 260
1 3 M I 270
1 4 M [ 280
1 5 M I 290
1 6 M [ 300
1 7 M I 310
1 8 M [ 320
1 9 M [ 330
1 10 M I 340
1 11 M I 350
2 12 M M 250
2 13 M M 260
2 14 M M 270
2 15 M M 280
2 16 M M 290
2 17 M M 300
2 18 M M 310
2 19 M M 320
2 20 M M 330
2 21 M M 340
2 22 M M 350
3 23 M Q 250
3 24 M Q 260
3 25 M Q 270
3 26 M Q 280
3 27 M Q 290
3 28 M Q 300
3 29 M Q 310
3 30 M Q 320
3 31 M Q 330
3 32 M Q 340
3 33 M Q 350
S

Table 1.2
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2.3.2 Experiment 2

As the sample duration must be stored in memorytlaadomparison duration is
currently perceived, the numerical anchors mayediifitly affect the sample or the
comparison displays, which is why it is importamtést the effect of numerical anchors
on both the sample and the comparison displaysOliveri et al. (2008) experiment
only examined the effect of anchor on the compariisplay. This experiment is
complementary to the number version of experimeeiitept in this experiment the
sample display varied and the comparison displayfixad. (Reference table 2.1 below
for this experiment’'s sample conditions.)

Presentation order was counter balanced. The awabered subjects would see
block one first, block two second, and block thigest. The odd numbered subjects would
see block three first, block two second, and blac& last. The sample conditions for
each block were displayed a total of five timescHEsample condition within each block
was displayed randomly throughout that block. At émd of each trial the subject would
be asked if the comparison symbol appeared onctiees for a longer or shorter duration

than the sample symbol. This comparison was dottetive number 5.



Experiment 2 Sample Conditions

Block Sample Sample Display Comparison Duration

Condition Display
1 1 1 5 250
1 2 1 5 260
1 3 1 5 270
1 4 1 5 280
1 5 1 5 290
1 6 1 5 300
1 7 1 5 310
1 8 1 5 320
1 9 1 5 330
1 10 1 5 340
1 11 1 5 350
2 12 5 5 250
2 13 5 5 260
2 14 5 5 270
2 15 5 5 280
2 16 5 5 290
2 17 5 5 300
2 18 5 5 310
2 19 5 5 320
2 20 5 5 330
2 21 5 5 340
2 22 5 5 350
3 23 9 5 250
3 24 9 5 260
3 25 9 5 270
3 26 9 5 280
3 27 9 5 290
3 28 9 5 300
3 29 9 5 310
3 30 9 5 320
3 31 9 5 330
3 32 9 5 340
3 33 9 5 350
Sample Size = 11

Table 2.1
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2.3.3 Experiment 3

This experiment tests the effect of numerical anglon time judgments in the
second range. The durations used in this experimerd 5.5 seconds and 11.5 seconds.
The numbers used were 3, 12, and 21. The lettedswsre B, 13, and TI. Each number
and letter was paired with a duration. These pg&iresulted in a total of 12 sample

conditions, as seen in Table 3.1 below.

Experiment 3 Sample Conditions
Sample condition | Sample Display Replication Duration (seconds
number Display

1 12 3 55
2 12 3 11.5
3 12 12 5.5
4 12 12 11.5
5 12 21 5.5
6 12 21 11.5
7 12 B 55
8 12 B 11.5
9 12 1J 55
10 12 1J 11.5
11 12 Tl 5.5
12 12 Tl 11.5
Sample Size = 16

Table 3.1
For each trial the subject would see either onb®Bample conditions, as seen in
table 3.1 above. At the end of a trial, the subjemtild be asked to reproduce the
symbol’s duration. Each trial consisted of one si@nspndition. Each sample condition

was displayed a total of eight times throughoutetkgeriment. All of the sample



conditions were displayed in a random order througlhe experiment.
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2.3.4 Experiment 4

This experiment is similar to experiment 3 excépgtanchors are presented in the
sample display instead of the replication displagduse the numerical anchors may
differently affect the sample or the comparisorpldigs, as the sample duration must be
stored in memory and the comparison duration isectily perceived. The durations used
in this experiment were 5.5 seconds and 11.5 secdite numbers used were 3, 12, and
21. The letters used were B, 1J, and Tl. Each nurabeé letter was paired with a
duration. These pairings resulted in a total osa@ple conditions, as seen in Table 4.1

below.

Experiment 4 Sample Conditions
Sample condition Sample Display Replication Displagy Duration (sec)nd
number
1 Brown rectangle 55
2 Brown rectangle 115
3 12 Brown rectangle 55
4 12 Brown rectangle 115
5 21 Brown rectangle 55
6 21 Brown rectangle 115
7 B Brown rectangle 5.5
8 B Brown rectangle 11.5
9 1J Brown rectangle 55
10 1J Brown rectangle 115
11 TI Brown rectangle 55
12 TI Brown rectangle 11.5
Sample Size = 16
Table 4.1

For each trial the subject would see either onth®kample displays, as seen in
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table 4.1 above. At the end of a trial, the subjemtild be asked to reproduce the sample
display by starting a replication display and terating the display when they judged
that the duration matched that of the sample dyspgach trial consisted of one sample
condition. Each sample condition was displayeda tuf eight times throughout the
experiment. All of the sample conditions were dagpeld in a random order throughout

the experiment.
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2.3.5 Experiment 5

The results of experiment 4 showed the expedapdration of mean ratios in the
shorter duration but not the longer duration. Asrell anchoring effect may be disguised
by the greater response variability at longer donstin this experiment we used
durations (3.5 seconds and 8.5 seconds) that bedrtble shorter duration (5.5 seconds)
in experiment 4. The numbers used were 3, 12, andll# letters used were B, 1J, and
Tl. Each number and letter were paired with a doinat These pairings resulted in a total

of 12 sample conditions, as seen in Table 5.1 below

Experiment 5 Sample Conditions
Sample condition Sample Display Replication Displagy Duration (sec)nd
number
1 Brown rectangle 3.5
2 Brown rectangle 8.5
3 12 Brown rectangle 3.5
4 12 Brown rectangle 8.5
5 21 Brown rectangle 3.5
6 21 Brown rectangle 8.5
7 B Brown rectangle 3.5
8 B Brown rectangle 8.5
9 1J Brown rectangle 3.5
10 1J Brown rectangle 8.5
11 TI Brown rectangle 3.5
12 TI Brown rectangle 8.5
Sample Size = 16
Table 5.1

For each trial the subject would see either onbh®Bample conditions, as seen in

table 5.2 above. At the end of a trial, the subjemtild be asked to reproduce the
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symbol’s duration. Each trial consisted of one si@nspndition. Each sample condition
was displayed a total of eight times throughoutetkgeriment. All of the sample

conditions were displayed in a random order througlhe experiment.
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2.3.6 Experiment 6

Experiments one and two used a block design valseéreexperiments three and
five the stimulus conditions were randomly presénteis important to test the effect of
numerical magnitude on temporal estimations withidtock design in second timing, as
no significant results were found with the previexperimental designs for second
timing but significant results were found in thedi# design for millisecond timing. To
test whether a blocked design is critical to revkalanchoring effect we conducted an
experiment similar to experiments 3 and 4 withackéd design. The durations used in
this experiment were 3.5 seconds, 8.5 secondsl hsdseconds. The numbers used
when the duration was set were 1, 5, and 9. Théoeunsed when the participant
reproduced the duration was 5. Each number wasduiith duration in a block design,
which resulted in a total of 9 sample conditionoas 3 blocks as seen in Table 6.1
below. All of the sample conditions used the nuntbermen the participant reproduced

the duration.

Experiment 6 Sample Conditions

Block Sample Sample Display Replication Duration
condition Display

3.5

8.5

11.5

3.5

8.5

11.5

3.5

8.5

[(elN(c] (A NEr NG O RN R i
gl o o1 o1 O1| 01| 01 01| O1

11.5

1
2
3
4
5
6
7
8
9
1

NIW W WINDNDNPRFP R

ample Size =1

Table 6.1
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Presentation order was counter balanced. The awabered subjects would see
block one first, block two second, and block thigest. The odd numbered subjects would
see block three first, block two second, and blac& last. The sample conditions for
each block were displayed a total of eight timesHEsample condition within each
block was displayed randomly throughout that bld&kthe end of each trial the subject
would be asked to replicate the duration of thelsyljust seen. This replication was

done with the number 5.
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3. Results

Experiments 1 and 2 were discrimination tasksragstor a judgment as to
whether the comparison display was longer or shtinen the sample display. These
experiments were analyzed using percent judgeceloixperiments 3 through 6
measure participants reproduced duration with eodkyetion task. The primary
dependent variable was the ratio of the reproddcedtion to the sample duration.

The results of all of the experiments are represkgtaphically. The expected
results for the numerical version of experimentBrdugh 6 would be to see a separation
of the functions relating mean ratios to sampleatons for the three anchor conditions
with anchor 3 having the largest mean ratio andhang having the smallest mean ratio.
The expected results for the numerical versiorexperiments 1 and 2 would be to see a
separation between the percent longer values of #tle blocks. The block comparing 9
and 5 should have the highest percentage of Ignggments. The block comparing 1
and 5 should have the lowest percentage of longlgments. The letter versions of all
experiments are not expected to show the separagioveen the numerical values, as the
letter versions are measures of control.

The results would then be tested for significamseg an analysis of variance
(ANOVA) statistical test. The results would be coesed significant if they have a p-

value of 0.05 of less, meaning that the resultsiahé&ely to have occurred by chance.
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3.5 Experiment 1

It is apparent from Figure 1.1 that there is aaldhce between the percent longer
values of the different numerical blocks. Theraasapparent difference between the
percent longer values of the different letter bbokFigure 1.2. The significant main
effect of number percent longer judgments (F(2;:32)467,p = 0.019,np2: 0.218) mean
that numbers do alter the perception of time is #xperiment. The non-significant main
effect of letter percent longer judgments (F(2,32).206,p = 0.313,np2= 0.070) mean

that letters do not alter the perception of timéhis experiment.
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3.6 Experiment 2
It is not apparent from Figure 2.1 that there difeerence between the percent
longer values of the different blocks. The non-gigant main effect of number percent

longer judgments (F(2,20) = 2.385+ 0.118,np2: 0.193) mean that numbers do not

alter the perception of time in this experiment.

Experiment 2: Number Percent Longer vs. Duration
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3.2 Experiment 3

In Figure 3.1 the expected separation of meang&iothe different numerical
anchors is not seen for either the duration os&¢onds or the duration of 11.5 seconds,
and resembles the lack of effect on the letterlais(Figure 3.2). The non-significant
main effect of number mean ratios (F(2,30) = 2.46c7,0.102,np2: 0.140) mean that
numbers do not alter the perception of time in éxgeriment. The non-significant main
effect of letter mean ratios (F(2,30) = 1.3fE 0.267,np2= 0.083) mean that letters do

not alter the perception of time in this experiment

Experiment 3: Number Mean Ratio vs. Duration
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3.1 Experiment 4

In Figure 4.1 the expected separation of meangaiseen for the duration of 5.5
seconds but not for the duration of 11.5 seconts.sEparation expected is not seen for
the letter condition (Figure 4.2). The non-sigrafit main effect of number mean ratios
(F(2,30) = 3.099 = 0.O6O,np2= 0.172) mean that numbers do not alter the paorept
time in this experiment. The difference betweengthert and long durations is shown by
a significant interaction between numerical ancomt duration (F(2,30) = 5.000<
O.OZO,np2 = 0.250) The non-significant main effect of letteean ratios (F(2,30) = 0.124,

p= 0.884,np2: 0.009) mean that letters do not alter the peraemif time in this

experiment.
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3.3 Experiment 5

In Figure 5.1 the expected separation of meang&ioot seen for either the
duration of 3.5 seconds or the duration of 8.5 sdsoThe separation expected is not
seen for the letter condition (Figure 5.2).The samificant main effect of number mean
ratios (F(2,30) = 1.54h = 0.229,np2: 0.093) mean that numbers do not alter the
perception of time in this experiment. The non-gigant main effect of letter mean
ratios (F(2,30) = 0.14& = 0.863,np2: 0.011) mean that letters do not alter the

perception of time in this experiment.
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3.4 Experiment 6

In Figure 6.1 the expected separation of meang&ioot seen for either the
durations of 3.5 seconds, 8.5 seconds, or 11.51decd he non-significant main effect of
number mean ratios (F(2,20) = 2.682; 0.093,np2: 0.212) mean that numbers do not

alter the perception of time in this experiment.

Experiment 6: Number Mean Ratio vs. Duration
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Discussion

It has already been shown that numbers and timéegamocessed simultaneously
and that they both may use the same pathwayss kven been shown that numbers can
alter the perception of millisecond timing. Thegperiments further support the idea that
numbers can alter the perception of millisecondngnThese experiments do not support
the idea that numbers can alter the perceptioeadrsd timing.

Out of all of the experiments, only the reprodungtiisecond task with anchors
as the comparison display showed significant m#eces (F(2,32) = 4.464 = 0.019,
npzz 0.218). This could mean that numerical anchorg omy affect the immediate
perception of a duration and not the memory of r@tilon, as the sample display is stored
in memory and the comparison display is immedigpeliceived. It is also possible that
time perception is affected only by blocked miltisad tasks using an anchor as the
comparison display.

The second timing experiments did not show sigaiftanain effects. This could
be because numbers do not affect second timingregsor because the effect seen at the
millisecond level may be too small to see at lordygations. If numerical anchors do not
affect second timing but do affect millisecond tagy then it can be assumed that
millisecond timing and second timing use differpracesses, which would support the
idea that they are separate systems. If the et at the millisecond level is too small
to see at longer durations then it cannot be asdiina they are separate systems based
on this research. Within the second experimentetivere no differing effects between
the sample and reproduction displays, no diffegffgcts between the blocked and

unblocked experimental designs, and no differiigad$ in the shorter and longer
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durations tested.

It is possible that no evidence was found in suppbnumbers altering second
timing, because the millisecond timing experimeatdgre in this study had different
experimental designs than the second timing exmarisndone in this study. The
millisecond timing experiments used a comparissk tahereas the second timing
experiments used a replication task. It is posshdéthe type of task combined with
number perception could alter time perceptiongadtof just number perception altering

time perception.
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