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HBSTRACT

'The ':hesis IS ~hat tne same ttr.l!ng ::l:ec:1anlsm :5 ava:~3.Die anc

.Intervals involved are relatively lang (eg 2000 msec) or shor": \I!g 200

::lsec) and whether the stimuli a.re aucltorY or visual.

Synchronization Involves two main stlmul I. One marks the start

0" a target Interval. The second marKs its end. The sub.Ject IS to
)......

resoond In synchrony wIth the second stimulus.

PrevIous. 5ynchronl:atlon research uSIng short a.udl~ortly

bounded Intervals has strongly supoorted the hyoothesis that the

underlYing mechanism is contInuouslY adjustable. deter~jnlstlc. and.

desode continuous adjustability, that the main source'of variability

I n the task IS quanta1. A oer i odi c process in the nervous sYstem

controls the timing of Information transfer from one processing stage

to the next. Waiting state durations (before transfers) are uniformly

distributed from 0 to q msec, where q IS the quantum size. As an

example of a timing model along these I ines, suppose there is a quantal

delaY between sensory registration of a stimulus marKing the start of

an Interval and transfer of the message that the interval has started

to a 'perfect' central clocK. In synchronization, the subject waits a

specified time after the stimulus, then maKes a response. The mes~~

from the clocK that the required interval has elaosed IS subJect to

another quantal delay before arriving at the motor system, which

carries out the response. Variability at the sensory and motor levels

may a~ to the total timing variance In the system, but the main source
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c~ 'Jartatlon In ~xtrerneiy ex=,prlenced SUD,iects IS ::uantal

Data ~rom ~arlous ~aradl;rnS suggest t~at cl~ferent ~ec~anlsrns

govern tlr:1lng of long and short :nter'Jals and t,at dlt.ferent tY~es o~.

or at least- dlf~erentlaliy variable. mechanisms are lnvoivec In tlrilln9

'J I sua 11 y and aud I tor J 1y marKed In terva 1s. Both hypotheses nave

received some support from past synchronization research though they

have received muc~ less support from duration discrimination studies

that also suggest quant~l mechanisms.

There" were iive experiments, two involving long auditory

Intervals, one with short auditory intervalS, and two With short VIsual

Intervals.

Al i asoects of the thesis ",ere supported: simi iar oractlce

effects and distributional shapes are found for short auditorY and

'Jlsual Intervals. Performance at longer intervals differs from these

tn variance only, which is concordant with discrimination results,

though a specifiC quantal counting model for discrimination

(Kristoffer.on, 1980) that has had difficulty ""th previous

sYnchronization data (HopKins, 1982) has the same difficulty With the

present resul ts.

The data suppor t the hypothes is of a COlMlon cen tra I tim i ng

mechan I sm across moda 1 it i es and in terva-} s to 2000 msec, and also the

idea that boundary conditions on quantal theory found app! icable in any

given paradigm and modal ity will also apply to the others.
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~as ~e~n ove~est~~ated previously. The data aiso 1~lcate tna~ a

sceCI~IC mocei ~or SynChronl::atlon (~ooklns, 19 82: Krlsto":.erscn, 19(0)

IS orobaoiy Incorrect.

,
)

'J



ACKNOWLEDGMENTS

<Kris> Kristotterson, Lee Brooks and john Platt. Each at them provldea

encouragement and sol I d advIce as wei 1 as Invaluable technIcal trlrnlng

ana critIcal diScussIon curing my ypars at McMaster. (--
There are many others who have helped mold my approaen to

research.

Among the past and present McMaster faculty. I thanK Ibrahim

Ahmad. Ian Begg. Abe Black. DICK Day. Jeff Galef, WoodY Heron. Ste'Je

LinK, and S. G. Mohanty.

Among my undergraduate leachers, I want to acKnowledge the

Important contributions of Jonn DecK. Kurt Danzlge~, John Galto. Bruno

Kohn, and Hiroshi Ono.

Many of the students and technical staff here collaborated·with

me and guided me in a variety of projects. In particular, I thanK

Dan Gall ipeau, MarK Hanvner, Dave Lang, Renaud Leblanc. John Lyons, Barb

MarKman, Don Maxwell, I tesh Sachdev, Pe ter Van Dot. and John VoKey.

Cy Dixon did a superb Job of Keeping the machines I worKed with

al ive and functioning, and taught me most of what I Know about hardware

troubleshooting.

Finally, there are fami!y and friends (along wi th those

mentioned above) who provided tremendous encouragement, support. and

not a little guidance. J thanK Merry Kaner,. Sharon·Hafner, Linda Toth,

and last, but definitely not least, I thanK my parents who also

continue to play an important role as teachers.

vi



TABLE OF CONTENTS

ChAPTER PAGE

1. introduction

1.2 Internal ClocK Theories of SubJective Duration

1.1 Nontemooral Cue Theories of SubJective Duration

1.2.;3.7 Visual/Auditory Modal ity Differences

1.2.3.1 Stroud's Perceptual Mornent HypothesI s

2

5

6

10

17

18

22

24

30

----35

43

4B

65

72

73

76

76

76

78

78

84

)
/

6

1.2.3.3 The Onset-Offset Model

1.2.3 Quantal Theories

1.2.3.4 The Real-Time Criterion

1.2.2 Weber's Law

I .2.3.2 Cor tic al Ex cit ab I 1 I t y CYC I e s

vii

2.1 The Session in Brief

1.2.3.6 Quantal Counting

1.2.3.5 Deterministic Internal Delays

1,2.1 Creelman's Poisson Counter Model

2.3 The Response Pad

2.5 PI and P2

1.5 Overview of the Research

2.4 Warning Stimulus and Foreperiod

2.2 Computer Control

1.4 Statement of the Thesis

1.3 Boundary Conditions

2. Methodological Detai Is



3. Experiment I: Long Auditory Intervals

3.3 Summary

4. Short Auditory Intervals: Experiments 2 anf 3

4.1 Method

3.2 Resul ts

3.1 Method

J1
PAGE

86

88

90

95

104

r08

108

108

109

109

110

125

129

133

140

143

149

149

150

151

152

152

164

166

3.2.2 Variances

3.2.1 Latencies.

3.1.2 Procedure

3.1.1 Subjects

3.2.3 Weber~s Law

3.2.4 Correlation between Response Latency
and Foreperiod Duration

Data Truncation and Lost Data

Events Past P2 r(
Jnstru~tions and Other Informa~~
Available to the SUbJects .~

Scanning Procedure

4.2.2.1 Experiment 2 Variances

4.2.2 Variances

4.1.2 Procenure

4.1.1 Subjects

4.2.2.2 Experiment 3 Variances

3.2.5 Distributional Shape

4.2.1 Latencies

4.2 Results

2.7

2.8

2.9

Cf'J',PTER

u iii



CHAPTER
0

PAGE

4.2.3 Corre1:" t Ions Between RpsDonsp La t~ncy
and Forpperlod Duration 168

4.2.4 Distributional Shape 180

4.3 Concluding Cornrnen t s 1B8

5. Shor t Vi"sual Intervals: Exper Iments 4 and 5 197

5.1 Me thod 203

5.1 .1 Subjects 203

5.1.1.1 Exper Iment 5 • 204

5.1.2 Procedure 204

5.1.2.1 Exper iment'4 204

5.1.2.2 Experiment 5 206

5.2 Resu 1ts 206

• 5.2.1 Latencies 206

5.2.2 Variance Levels and q 207

5.2.3 Variances Across the Range 231

5.2.4 Scanning of the Range 234

'J! 5.2.5 Cont i nuous Adjustab i 1 i ty 234

5.2.6 Correl at ions 237

5.2.7 S)'lMletry and Kurtosis 244

5.3 Sunvnary 250

6. Conclusions 253

Reference Notes 261

References 262

Footnotes 272

ix



CHAPTER

AODendix 1: Summary Statistics for'Each SUbject and Each Session 279

AODendix 2: Distributional Information 339

a. Notation and Basic Theorems 339

b. Symmetry 'and Kurtosis of the Sum
of Independent Random' Var i ab] es 341

c. The Sum of a Triangular and a Normal Variable 342

d. Convolution of a Triangular & a Logistic Variable 343

eo Timing From WS or From PI 346

f. Response Latency and Foreperiod Correlations 349

x
~ ... ; .

.(~~
o ,

.' ..:: .

. :.,' .



Ll ST OF FIGURES

FIGURE

1. Srnchronization variancos from Kristofforson (1'976) 91

2. Mean synchronization laten'ties and synchronization Intervai
of oach sossion. (Exporimont 1) 111

3. Rosponso latoncy variancos. srnchronization intorval and
moan foropor;od duration of oach sossion. (Exporimont I) 114

4.

5.

6.

Moan within-session latoncy variances as a function of
mean rosponse latency. (Exporiment I)

Corrolation between responso latency and foreporiod
duration for oach session. (Exporimont J)

Symmetry and kurtosis coefficients for each session.
(Exporiment I)

1 17

130

134

7. Moan synchronization latencies and synchronization intorval
of oach sossion. (Experiments 2 and 3) 153

from WS
2 and 3)

from WS
2 and 3)

')
I

8.

9.

10.

11 •

Rosponse latoncY variances, synchronization Interval and
mean foreperiod duration of ~ach G:eslon.
(Experim~nts 2 and 3)

'Corrolation b~tween foreperlod du atlon and rosponse
latency from WS and between for{9 rlod duration and
response latoncy from PI for each session.
(Exporiments 2 and 3)

\

Symmetry'coefficionts of rosponso latoncios
and from PI for each sossion. (Expfriments

Kurtosis coefficients of rosponso latencies
and from PI for each session. (Experiments

159

169

184

12. Mean synchronization latoncios,and synchronization intorval
of each session. (Experiments 4 and 5) 208

13. Responso latency variancos and synchronization intorval
of each session. (Exporiments 4 and 5)' 213

14. Moan within-sossion latency vafiancos as a function of
mean response latency. (Exporimonts 4 and 5) 218

xi



F1GURE

15.

16.

\

Correlation between response latency and foreperiod·
duration for each session. (Experiments 4 and 5)

Symmetry and Kurtosis coefficients for each session.
(Experiments 4 and 5)

•

xii.

238

245



}-

LI ST OF TABLES

1. Mean withIn-session varIances. q estlm-ates. coe-ttlClents
symmetry and Kurtosis and correlation betweent-foreoerlod
duration and, response latency. ':Experlment 1)

2. Correlations between response latencies (means) and their
standard deviations and variances

3. Kurtosis of the Logistic + Triangu"lar distribution

4. Me-an within-session variances. Q estimates. coefficIents
symmetry and Kurtosis and correlation between foreoerlod
duration and response latency. (Experiments 2 and 3)

5. Response distributions If timing IS frOOlWS or ~om PI

6. Expected correlations as a function of timing variance

7. Mean within-seSsion varlances~ 0 estimates, coefficients
Symmetry and KurtOSIs and correlation between foreperlod
duration and response latency. (Experiments 4 and 5)

8. Distributional statistics for subject GH

Appendix 1 Summary statistics for each subject and each session

xii i



I. Introduction: Theories of Subjective Duration

If any area of research could be taKen as suggesting that

psychologists have a talent for bringing chaos out of order, time

perception must be it. As Woodrow (1930, p.473) put it, 'the

bewildering confusion concerning the fundamental facts of the

psychology of time has existed for so many years that one might bel ieve

that psychologists accept the situation as inevitable'. Woodrow denied

the inevitability of this confusion and embarKed on an extensive

research program which he expected to 'lead to a"resolution of the

gross inconsistencies and ambigui ties which characterize the findings

in this field' (1930, p. 473). Unfortunately, he did not succeed.

Semoaning the state of the 1.terature, at least two more modern worKs

(FranKenhaeuser, 1959, p. 12; Ornstein, 1969, p. 16) introduced the

field with Nichols' (IS91) classic summary:

Casting an eye bacKward we can but be strucK by the

wide variety of explanations offered for the time

mystery~ Time has been called an act of mind, of

reason, of perception, of intuition, of sense, of

memory, of wi 11, of all possible compoOnds and

compositions to be made up of them. It has been deemed

a General Sense accompanying all mental content in a

manner similar to .that conceived of pain and pleasure.

It has been assigned a separate, special, disparate

sense, to nigh a dozen Kinds of 'feel ing', some
































































































































































































































































































































































































































































































































































































































































































































