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AESTRACT

The thesis 1g *hat the same TIm!ng mechanism :s ava:.anie anc
s used Dy experienced subjectis 1N 3 synchron:lation task whether tne
antervals invclved are relatively iong (eg EOUGAmSECJ or short veg 200
msec.) and whetﬁer the stimul, are.audltory or visual.

Synchronization involves two main stimuli. One marks the start
of a target interval. The second markKs its end. The éub;eﬁt 1s tC

oS
respond in synchreny with the second stimulus.

Previpus. synchronizatign research using short auditortly
bounded intervals has strongly supported the hypothests that the
‘uncerlying mechan:sm is continuouysiy adjystable, deterministic., and,
despite continuous adjustapility, that the main sourcg-of variabilirty

in the task is quantal. A periodic 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
distribyted frqm G0 to g msec, where q Is the quantum size. ASs an

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

delay between sensory registration of a stimulus markKing the start of

an interval and fransfer 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 makKes a responce. The meséigﬁxﬂi////7
from the clock that the required interval has elapsed i1s subject to

another quantal delay before arriving at the motor cystem, which

carries out the response. Variability at the Se;sor? and motor levels

may ad to t@e total timing variance in the system, but the main source



c+ uahrazuon in extremeiy exderienced subDseCts 1¢ zuantal.

Data +rom various paragigms suggest that cifferent mechanisms
govern timing of lang and short intervals and that ditferent trpes of,
or at least dif<erentialiy variable. mechanisms are invoiveo in timing
visualily and audltprliy marked intervals, Both hypotheses nave
received scme supoé}f from past synchrontzation research though they
have received mucp less support from duration discrimination studies
that aiso suggest gquantax]l mechanisms. N

There were five experiments, two involving long auditory
intervais, one witth short auditory interu;is, and two with short visual
intervals,

All aspects of the thesis were supported: similar practice
effects and distributional shapes are found for short auditory and
visual intervais. Performance at longer intervals differs from these
tn variance only, which is concordant with discrimination results,
though a specific quantal counting model for discrimination
(Kristofferson, 1980) that has had difficulty with previous
synchronization data (Hopkins, 1982) has the same difficulty with the
present results,

The data support the hypothesis of a common central timing
mechanism across modalities and intervals tc 2000 msec, and also the
idea that boundary conditions-on quantal theory found applicable in any

given paradiom and modality will also apply to the others.



b : ]

There are sucgestians 1n the cdata that minimum reaction time
nas been overest:mated previgusly., The datz a2iso 1mwdicate tha*t a
speci+ic mocel for synchrenization (MopKins, 198Z: Xpristot+erscn, 13742

is probadiy incorrect.

ST
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1. Introduction: Theories of Subjective Duration

I+ any area of research could be takKen as suggesting that
psychologists have a talent for bringing chaos out of order, time
perception must be it. As Woodr ow (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 believe
that psrchologists accept the situation as inevitable®. UWoodrow dentied
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 ambiquities which characterize the findings
in this field" (1930, p. 473). Unfortunately, he did not succeed.
Bemoaning the state of the laterature, at least two more modern works
(Frankenhaeuser; 1959, p. 12; Ornstein, 1949, p. 18) introduced the
field with Nicholis” (18%91) classic summary:

Casting an eye bacKkward 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 witll, of all possible compodnds and

compositions to be madehup of them. It has been deemed

a General Sense a?companying all mental content in a

manner similar %o .that conceived of pain and pleasure,

It has been assigned a separate, special, disparate

sense, to nigh a dozen Kinds of “feeling’, some

1
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familiar, some strangely invented for the difficulty. \\

It has been explained by ‘relations’, by ’earmarks’, by ®

“signs’, by ‘remnants’, by ‘struggles’, and by

‘strifes’, by ‘luminous trains’, by "blocks of

specious-present’, by “apperception’. It has been

decliared a priori, innat;, intuitive, empirical,

mechanical. It has been deduced ffom wi'thin and

witheout, from heaven, and from earth, and from several

things difficult to imagine as of either",

Especially over the past 20 years (sinc;'Creelman, 1942), the
literature has become mathematically more formal, and the data base has
grown considerably. Unfortunately, this has not led to much further
agreem;nt about the nature of perceived duration. A number of
apparently mutually exclusive hypotheses have been mare clearly put,
and mere sfrongly supported. My aim in the present research is to
extend the realm of application of a specific theory of duration, but I
do not mean to imply (and do not belieue).that this is a Grand Theory.
The timing mechanism explored may be one of many bases for subjective
duration, and it may or may not be the main one. To place the work in
context, I will begin with a sKetch of the dominating perspectives in
the field, highlighting what I see as the major differences in

assumptions and research interest between them.

1.1 Nontemporal Cue Theories of Subjective Duration

Following a long and popular tradition, Frankenhaeuser (195%)



and Ornstein (1969) argued that cur impressicn of the length of an
interval derives from nontemporal information in the interval. There
is no dedicated internal process for timing (Frankenhaeuser>, cr, if
there is one, it doesn‘t play a major role, and studying it won’t lead
to many interesting or use%u] results (Ornsteiny, lnst}ad, some other
aspect(s} of the ;1imu1us is used as the basis for an {unconscious)
inference about the stimu;us durat{cn, such as "the amount of mental
content® (Frankenhaeuser) or the amount of information encoded
(Ornstein) during the stimulus interval.

The empirical case for the nontemporal cue position rests on
demonstrations that differences in nontemporal characteristics of
equally long stimuli {such as a different number of events pccurring
within the stimulus intervals) reliably produce differences in their
perceived duration, Recent demonstrations along these lines come from
Avant and Lyman (1975a, 1975b), Buffardi (197!), Burnside (19?1),
Cantor and Thomas (1974, 197%), Curton and Lordahl ¢(1974), Long and
Beaton (1980a, 1980b, 1981), Schiffman and Bobko (1974), Thomas and
Brown (1%74), Thomas and Cantor (1975, 1978a, 1978), Thomas and Weaver
(19733, Underwgod (1973) and Underwood .and Swain (1973), among others
(For more, see the reviews of Allan, 1979, Fraisse, 1943, and Poppel,
1971>. Not all of these demonstrations implicate information or menta)
content as the mediating cue to'duration, but for present purposes that

b
i5 a side issue. These studies and their many predecessors demonstrate

large effects on perceived duration of nontemporal differences between

temporally identical stimuli. Reports of differences in duration

/



Judgments cn the order of 35% and upwards azg common.

The lesson that I take from such data is thai any complete
theory of duration perception must inciude an explanation. of the
systematic variation of perceived duration due to changes in
nontemporal characteristics of the stimulus. But other types of
variability in temporal judgments must also be explained. Systematic
shifts in perceived duratiqn due to changes in stimulus duration should
be quantitatively predictable. The basis of apparently random
variation of perceived duration of repeatedly presented identical
stimuli should also be made clear,

These latter problems have not been so well dealt with ‘in the
context of the nontemporal cue research to date, I+ amount of
information encoded determines the perceived duration of an’interval,
what is the function relating information to perceived duration? What
rates of encoding should we exp;ct under different conditions; and will
these vary with stimulus duration? Without answers to these questions
(and the answers are not Known), the relationship between stimulus aij
subjective duration cannot be pred}cted. Random variability is a more
curious problem. Nontemporal approaches are typically concerned with
mean perceived duration and differences in mean perceived duration
across conditions. Random variation is treated as "noise”, to be
minimized, perhaps estimated for purposes of testing hypotheses about
mean differences, but to be ignored thereafter. This is such a common
approach to research deskgn and analysis that it would not be worth

mentioning if this noise for the nontemporal cue theorist was not a



main cbject of study for most internal clock thearists. To the degree
that a clear and accurate description of perceptual variability can be
derived from a description of an internal clock, I Find it hard to
accept dismissals of clocks as unlikely or uninteresting, at least

until nontemporal cue theories can provide descripticns of this type as

well,

1.2 Internal Clock Theories of Subjective Duration

It is generally accepted that cognitive variables plar a
significant role iﬁ‘determining spatial judgments. It is not generally
accepted that this impiies that the visual system is a nonexistent,
minor, or uninteresting supplier of information about relative spatial
position and extent. It is generally accepted that cognitive variables
play a significant role in determining temporal judgments. Does this
imply that.there are ﬁo dedicated physiological systems for supplying
us with information about relative temporal position and extent?

Internal clock theorists assume the existence of at least one
dedicated physiological system for temporal information, i.e. at least
one internal clock. There may be more than one, just as relative
spatial position is encoded rather differently by the visyal and
auditory systems, but there must be at least one. The Key problem with
this assu;ifion is that we don’t Know what this internal system is.
Various physiological systems have been suggest:é as candidate cliocks,
but there is little euidence, and no general agreement, that any one of

these is directly involved in duration perception (see, eq.,



Kristofferson, Note 3; Ornstein, 1%4%).

Internal ¢lock theories share the assumption of a dedicated
process for timing but differ regarding the details of the
process.! 1In the absence of an obvious and demonstrable
physiological basis, description of the clock is maost conveniently dane
in terms of a mathematical characterization of a hypothetical timing
system. Such characterizations often include or lead directly to
specification of thé probability distribution of subjective duration
associated with a given stimulus duraiion, and of the parametric
changes in the distribution across durations or across changes in other
aspects of the stimulus conditions. 1§ a theory of performance,
relating internal distributions to response distributions, can also be
specified then fine-grained Bnalyses of the "noise® in the data should
provide powerful tests of the hypothesized mechanism. Examples of

proposed mechanisms‘hnd,of the types of distributions implied by them

folilow.

1.2.1 Creelman’s Poisson Counter Model
Perhaps the most common theories of timing, and certainly the
tirst to be quantitétiuely mode!led (Stroud, 1955; CF}élman, 1962) are
counter models. 1t is assumed tpat some internal source préduces
"ticks® or "pulses" at {airl;“?égular intervals. The count of the
number of pulses emitted during the period that the ob;eruer perceives
/-

a stimulus determines her perception of the duration of that stimulus.

The accuracy of the clock is determined by the average interpulse



interval (IPI) and by the variability of the IPI. I+ there is no
variability in the IPI, we have a quantal cleock (such as Stroud’s), to
be discussed below. It seems plausible to suppose instead that the
time between pulses is subject to variation (as is, for example, the
time between neural spiKes), and an expénentia] distribution is often
taken as a fairly accurate description of the distribution of waiting
times between simple neural events (see, eg., Luce and Green, {972).
Creelman (1962) made this assumption, along with the assumption that
the d;lays between pulses are strictly independent. These are the main
conditions that must be satisfied for a Poisson process to apply (for
the others, see Parzen’s excellent presentation in 1942).

Predictions from a Poisson proce;s model differ depending on
the type of task. In some tasks, the subject is required to make a
Judgment about the length of a presented stimulus interval, Typically,
discrimination experiments are thought of in this way (eg. Allan,
Kristofferson and Wiens, 197f; Creelman, 1942), and 1 will refer to
these as discrimination-type tasks. 1In other cases, the subject is
required to generate an interval of a certain duration, or to indicate
when.a certain amount of time has passed. These include production,
reproduction and synchronization tasks, and I will call these
production-type tasks. Xristofferson (1%77) has shown that in some
discrimination settings, the subject actually treats the task as a
production task. Rather than deciding, for example, how long a
stimuius is, and on this basis, deciding whether the gtimulus is '1on§'

or "short®, the subject generates an internal duration of a standard



length and decides whether the stimulus is long or short by noting
which ended first, the produced standard or the external stimulus.
This alternate strategy in some discrimination tasks will be of
interest in the discussion of quantal timing below, but I will set
consideration of ;t aside until then. For simplicity of presentation,
I will also postpone, for as long as possible, consideration of the
role o% afferent and efferent latencies in timing. Stimuli are not
perceived immediately. The delay between stimulus onset and stimulus
rggistration islthe afferent latency. The delay, in a production-type
task, between the decision toc respond and the completion of the
movement markKing the end (and/or start) of the interval is the efferent
latencn.’ 1¥ these are variable, and efferent latency certainly is,
modelling of respanse distributions becomes more complicated.

Under the Poissoh process model, the internal meagure of the
duration of a sfimulus corresponds to the pulse count, which is Poisson
distributed. Comparison of the durations of stimuli involves
com;arison of the magnitudes of Poisson distributed variates, and is
readily dealt with using the constructs of Signal Detecticon Theory
(Egan, 1973; Green and Swets, 1944). The distribution of produced
intervals is not Poisson. In this case, the subject’s goal is to
produce an interval that contains the right number of pulses. The
waiting time between pulses is exponential, and the sum of waiting
fimes‘}o the last pulse required is gamma distréputed. This, then, is
the;production timing distribution. <{(See Luce and Green, 1972, for

many relevant derivations.,)



The Poisson and gamma distributions shafe the property that
their variance increases linearly (proportionally) with-the mean, s$o
this Vinear relationship should be obtained whatever the timing task.

Creelman’s theory has the potential to predict behavior in a
wide range of experimental situations, on the basis of very few
parameters, in the simplest case only one, the mean interpulse
interval, The theory is mathematically tractable, and the assumptions
seem plausible. A number of discrimination studies (eg. Abel, 1972;
Cree]man,.1962; Civenyi and Danner, 1977; Kinchia, 1972) have yielided
results compatible either with the original version of the theory or
with slightly modified versions, On the production side, Wing (1973;
Wing and Kristofferson, 1973a) found that the variance of repetitive
productions of an interval increased lineariy with the target interval,
a; requiﬁed by the theory. Simitar results were obtained by Rosenbaum
and Patashnik (1980).

There are also conflicting data, however. When the performance
of well~practiced subjects has been studied,ﬁhiscriminabi1ityl(and thus
internal variability) has been found to be constant or
non-manotenically (for example, stepwise) increasing with base
dur;tion, rather than linearly increasing (Allap, Kristofferson and
Wiens, 1971; Allan and Kristofferson, 197da; Carbotte, 1972; Carbotte
and Kristofferson, 1973; Kristofferson, 1973, 1980, 1983; Rousseau,
1973; Rousseau and Kristofferson, 1973), In other cases variability
~_has increased in accord with Weber’s Law, which predicts a linear

relation between standard deviation and base duration, rather than
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. between variance and duration (see below). On the production side,
Kristofferson (1976) showed in a synchronization task that intervals
from 160 through 550 msec could all be produced.with the same ;ariance
and that the shapes of the response distributions across this range
were identical. Beyond 350 msec, variability did increase, bqt
according to Weber‘s Law, i.e, linear in the standard deviation, not
the variance. 'Both findings are incompatible with a hypothesized gamma
distribution. Regarding distributional shape, constancy across
durations could only arise in the gamma case if enough pulses were
being counted that the total waiting time to thé-last was normally
distributed. Hopkins (1%82) found that the conuglution of a triangular
and a logistic distribution (compatible with a quantal theory, below)
described 5ynchronization~response distributions better than did the
normal,

in sum, Creelman’s ﬁheory is attractive, aﬁd has some support,

but if it is not dead wrong, it is often. not right.

2,2 UWeber’s Law
Weber‘s Law describes the variability of peridrmance in
discrimination experiments. It does ngt specify the nature of the
timing mechanism involved. The original form of the law specified that
the size of a just noticeable difference between a comparison and
standard stimulus is proportional to the standard. This is not found
in most or all modalities when extremely small or large magnitude

stimuyli are studied. The more recent form of the law instead specifies

¥
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a linear relationship between discriminability and base stimulus
magnitude (in our case, duration.) Thét is, i¥f S is the stagdard
deviation of the probability distribution associated with
discrimination judgments about a stimulus-or stimulus pair, and H.is

[

the magnitude of the standard stimulus, the original form of the law

. |
specified that S = kM, for some constant K, whereas the more recent

version holds that th;Fe is some minimum degree 0of variability, even
when no stimulus is preseﬁted, and so 5 = kM + 'c, far constants Kk and
c. The constant ¢ reflects the minimum level ;¥ Uariabili:y associated
with the particular modélity and task. This correction to the law has
only recently been given serious consideration in the literature on
temporal psychoph;sics (Triesman, 1963, and, especially, Getty, 19?5).£
However, it is not all that "modern® an idea. Fechner, who brought the
law into general notice in the fith‘place, was also the first to
propose the additive constant (eqg. 1840, p. 156)1- Within the
psrchophysical literature more generally, Hi]]er’£ {1947) presentation
of the modification is perhaps the most often cited. It is now
routingly presented in nontrivial introéuctions to psychophysical
theory <eg. Engen, 1971; Galanter, 1943). The idea of a nonzero
minimum for perceptual variability has independently gained almost
unanimous accep?ance in psychophrysics since the advent of Signal
Detection Thedry (Green and Swets, 1946; Swets, 1961).

Weber’s La& can be translated into a statement about the

variability of performance: the function which describes the

probability that the comparison will be called longer than the
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standard, across all values of the comparison stimulus, is callied the
psychometric function. According to the original furm. of Weber’s Law,
the standard deviation of the psychometric function should be strictly
proportional to the standard duration. According to the modern farm,
the standard deviation should be linearly related to the duration
(Getty, .1979).

Getty (19739) stressed that Ueber’s Law does not imply that the
standard deviation of internal timing distributions increases with the
mean, and gave examples of very di#%erent underlying mechanisms that
could give rise to the law. The variance of subjective durations might
even be constant if other conditions are satisfied. However, if the
law is correct, the range of acceptable models for the ciock is
limited, and does not include gquantal clocks or Creelman’s Poisson
process {though Divenyi and Danner modified'Creelman’s'fheorr, added a
further parameter, and were able to accommodate the law in this case.)

Weber’s Law ii an empirical generalization about‘discrimination
pérformance. It does not tell us anything directly about production.
However, if the étanqard deviation of the clock were found, in a
production setting, to be linear in the mean duration produced, we
would expect that this timer, when used‘in a d}sc;imination experiment,

would yield results quite‘compatible with Weber’s law.

Fraisse (1963) cites a long history of rejection of Weber’s Law

for. duration, beginning with Nichols in 1890. Woodrow (1%31)

considered the case against Weber’s Law conclusive. A?lanland

Kristofferson (1974b) and Allan (1979) also reviewed evidence against
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the law. Findings such as those of Rousseau and Kristofferson (1973),
who reported Eonstant‘discriminability across a range of base durations
from 100 to 2000 msec, are incompatible with any version of Weber’s
Law. There is so much evidence against Weber‘s Law, and there has been
for so tong, that one might QE amazed that temporal psychoiqgisfs are
stil]l willing to talk about it seriously.

There [s stM1 some room for argument, however, Fraisse (1%43)
noted that the original form of Weber’s Law (proportionality) seeﬁed to
it fairly well in the range from 200 to 2000 msec. The problem of fit
for short durations is comparable to that found for weak stimuli in
modalities such as vision and hearing, which led to the linear
generalization of Weber’s Law (a point raised‘mong epricitl} by
Epiesman, 1963 and Getty, 1973). Asf1o longer stimutli, Fraisse arqued
at length that intervals longer thap about 2 seconds are estimated -
(perceived duration fs determined by cognitive factors) r;ther than
perceived directly. The law breaks down befSnd 2 seconds because a
different type of.timihg has come into play, with different sources of
variability. Working with stimuli within this range Alpern and Darwin
(19823, Divemyi and Danner (1977), Getty (1975, 1974), Kristofferson
(1974, 1980}, Thompson, Shiffmap and BobKo (lé?é) and Treisman (1963,
who included stimuli out to 9 seconds) have all reported data which

-

“appeared compatible with Weber’s Law. For present purposes, the work
L
of Getty (1973) and of Kristofferson (1974, 1980) are most interesting,
Getty (1975) studied the performance of fairly well practiced

subjects in a discrimination experiment covering base durations from 50
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to 3200 msec. Ueber’g;Law failed for durations longer than 2000 msec
but accounted for shorter duration performance quite convincingly. -
Subjects made 330 judgmentis at each base duration. The base duration
was constant within sessions, but was changed ranaomly across sessions.
Kristofferson’s (1973, 1980) study can be viewed as a conc;ptual
replication of Getty’s work. There were numerous prdcedqra]
difterences -- Kristofferson used a many-to-few procedure and prouiaed
subjects with feedback, whereas Getty used a two alternative +orce&
choice procedure without féedback -— but the results were remarkably
comparable in spite of this. Getty reported Weber ratios (standard
deviation / base duration) on the order of .05 to .06. -Kristofferson’s
ratio, for the first 5 sessions at each duration, averaged .053. The
Key difference between Kristofferson’s and Getty’s procedure is one of
practice. Kristo++erson’§ subject stayed at each‘base duration for 20
consecuti;e sessions (4000 judgments per base duraiion) rather than for
1 sessfon. Uﬁile Kristofferson’s ?esults from the first 5 sessions per
base ddration are very similér to the result; from Getty‘s first (and
only) session per duration, Kristofferson’s results for the last 3
sessions per duration are very different, After extended'practice,
variability no Yonger increased smoothly with base duration. 'Instead,
it increased in a stepwise manner, the standard deviation doubling at
base duratidns of 200, 400, and B0O msec. Within these subranges, the
variances were nbt perfectly constant, but as Kristofferson suggested
then, with even more practice it has been found that they become

constant (Kristo+{eﬁson: 1983), Allan and Kristofferson (1974a) also

%
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stressed the need for ex%ended practice at each base duration i$
results of constant or stepwise increasing variability are to be
obtained.

The other result reported by Kristofferson (1974) that is
compatible with Weber’s Law was obtained in a synchronization, or
production-type setting, rather than in a discrimination experiment.
Synchrenization will be described in detail below. For now it is
sufficient to note that the subject is required to produce a given
igterval, i.e. to wait for a spec}fied period of time before
respondingy rather than fo discriminate between stimuli. As in
Kristofferson’s (19800 piscrimination experiment, the subjects
practiced ad tedium, pr&fucing only one interval per session (400
times per session), for many sessions. WVariability was constant in the
region of 150 to 550 msec. Beyond 550 msec, the variance of
synchronization response tdtencies increased continuously, the.standard
deviation being proportional to the mean latency less 550 msec. A
timer whose standard deviation increases ljnearly with duyration should
vield a psychometric function whose standard deuiaéion increases
linearly with base duration in discrimination experiments, so if the
timer underlying synchronization performance were also used in a
discrimination setting, Weber’s Law would be supported in that
experiment.

In contrast with the discrimination results of Kristofferson
(19803, lack of practice at specific intervals was not the cause of

increasing vartability with duration beyond 550 msec. The subject who
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showed this effect (only one synchronized at long 'durations) was most
practiced at 940 msec, having started the experiment with 40 sessions
(24,000 responses) at this interval. Kristofferson concluded that
there must be a shift in iiming mechanisms used in the task at about
SS0 msec. For shorter intervals, a deterministic timer was used. For
longer ones, a mod;l assuming deterministic timing for the first 550
msec and variable timing for the rest of the interval provided an
excellent description of the data.

Kristofferson’s 550 msec transition point is of interest
because a similar one was found by Michon (1947) in an entirely
different type of experiment, magnitude estimation, at about the same
duration. Michon found that the exponent relating judged to phyrsical
duration changed abruptly between 500 and 400 msec. Tying this to
introspective reports that the subjective experience of duration
changes qualitatively in the 500 to 1000 msec region, to a peakK in
discriminability often found in the 400 to 7350 msec reéion, and to the
common finding that intervals shorter than about 700 msec are
overestimated, whereas intervals longer than this tend to be
underestimated ¢all reviewed in deta;l'by Fraisse, 1963), Michon arqued
that the timing processes used for very short (below 400 or so msec)
"stimuli are different from those involved in timing slightly longer
ones. Kristofferson’s (1974) result appears to support this suqgestion

strongly.

It is exceedingly curious that the same subject, studied in the

’

same 1ab by the same experimenter, who used basically the same
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equipment, should yield synchronization data that suggest a different
timer for short and slightly longer stimuli while also yielding
discrimination data (Kristofferson, 1980; 1983) that suggest precisely
the reverse conclusion. Comparison of long and short duration
synchronization performance is one of the foci of the present research.
For now, however, I“11 set that aside and return to the issue at hand.
Curious it may be, but synchronization performance from an extremely
well practiced subject indicates that Weber’s Law describes the
variability of the timer in this task from S50 to 2190 msec. Treisman
(1943 and Getty (1974) also found evidence for Weber’s Law in
production-type tasks. In Gettijs case, a number of statistics of the
data were also examined for compatibllity with the Poisson process.
The hypothesis of a linear re]ationship between internal variability

and duration was strongly favored over that of proportionally

increasing variance with duration.

1.2.2 Quantal Theories
v
The final class of theories to be considered here is the
quantal class, These form the theoretical context within which the

present research was conducted and so will be presented in greatep

detail,

Quantal theories assume, as does Creelman’s counter theory,
that timing is det;rmined by a periodic internal process. The key
difference in assumpti;ns is that the interval betwegn pulses i;

assumed fixed in the quantal case. The interpulse interua]’5~énnstant

"
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value is an indivisible unit of time (a time quantum), and is often
represented by q. GQuantal hypotheses have been around for a long time.
For references to the older literature, see Harter {1947), Poppel
€1971) and Stroud (1955). I will focus exclusively on 4the work of

Stroud and of Kristocfferson and his colleagues.

1.2.3.1 Stroud’s Perceptﬁal Moment Hypothesis

Stroud (1935 postulated a counter theory quite similar in
conception to Creelman’s later (1942) coante? theory. As noted by
Creelman, the only formal difference between them was that Stroud
assumed no variability in the interpulse interval whereas Creelman
assumed an expanentially distributed interuai. In Stroud’s theorizing,
pulses occur every q msec, and they are used to assign internal "dates"
to stimuli, Although Stroud didn’t make this point explicitly, under
this view the subjective duration of an interval should be directly
determined by the number of pulses contained within it.

The fact that the interpulse interval is fixed aoes not imply
that timing is free of variability. Consider a production task first.
The subject is presented with a stimulus, and is to press.a button at
some specified fime after the onset of the stimulus. The subject
achigves this by counting an appropriate number of pulses before
responding. -The physical response takes time to execute and this time
is definitely variabie (Wing, 1973, 1980) but as above, for now 1 will

ignore efferent and afferent latencies, focussing exclusively on

timing., If the subject starts counting pulses from the first one after
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registration of the stimulus, he:éisses the delay between stimulus
regisération and that first puise. The delay may be zero, i.e. the
pulse might occur right after stimulus registration, or the delay might
be g msec, if the stimulus is registered right ;fter a pulse. Pulses
occur every q msec independently of external stimulus conditions, so
stimuluys onset (and registration) may take place at any time within
this range relatiu; to the time of the next pulse. The dela} is
uniformly distributed, between 0 and g, as, therefore, must be the
interval between stimulus onset and the time of the last counted pulse.
Timing variability in a production task should thus be uniformly
distributed, with a variance of q2/12. (Note that this assumes, as

has all discussion of counter theories above, that the counting

mechanism works perfectly. I+ the counter misses the odd pulse, the

%ituation becomes more complicated, a point raised by Kristofferson

1980) .3

o
Turning to the internal measure of the duration of a stimulus,

suppose as an example that the time between registration of stimulus
onset and stimulus offset is 2.4q msec. 1f the first internal pulse
occurs less than .4q msec after registration of the onset of the
stimulus, three pulses (bounding 2q msec) will occur during the
stimulus. If instead the delay betweén registration and the first
pulse i® longer than .4q msec, the stimulus interval will only contain
two pulses (1g msec). In general, if an internal interval lasts T = ngq
+ m msec, where n is the largest integer less than T, and som =T

modulo g (by definition, the remainder of integer division of T by q),
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then either n or n+! pulses will be cfAunted. The count distribution is
thus point binemial and the probability of s count of n is m/q. The
variance of the c0unf is m{(g-m)/q2. This is not a direct function

of the duration of the interval, but it is a function of m, the
interval mod q. Examined over widely spaced ualués of T, the pari;nce
should appear roughly constant with duration. In fact, though, it is
periodically related to T, with a period of q.

Various early applications of this model to studies of reaction
time, successiveness.discrimination, and other tasks apgfared
successfyl (Augenstine, 19337 Kristofferson, 1944b, 196?; Schmidt and
Kristofferson, 1943; Stroud, 1955), but with compliications. First,
there were conflicting estimates of the quantum size. Kristofferson
(1946a, 1966b, 1967a, 1967b) typically obtained values around S50 msec.
Kristo4%erson (1969 obtained values closer to 25, as did Heath (1972).
Stroud ¢(1953) estimated q at about 100 msec. .These differences were

not due to statistical instabilities. Kristoffersan obtained

remarKably similar results across tasks, as did Stroud;- Augenstine
(1933) conducted a spectral analysis on response time data from two
tasks and found two levelS of periodicity, at S0 and at 100 msec. (A
third period, of 245, was also obtained in the first task).
Kristofferson (1947a) presented evidence that successiveness
discrimination involued a mixture of quantum levels, Sometimes the

\
subjects operated with a g of 50 msec, sometimes with a q of 100. This

was particularly a problem with relatively unpracticed subjects,

Kristofferson (1981) reports that early reaction time workK of his also

@
Y
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vielded estimates of 25 and S50. This type of result was eventually
used to advantage, as strong support for a different qu;ntal theory
(Kristofferson, 1980, discussed below), but at the time these results
were essentially anomalous.

More important than the lack of agreement on a single valuye for
q was the consistent finding that this quantal counting theory did not
predict duration discrimination performance at all (reviewed by Allan
and Kgistof{erson, 1974b). Internal duration distributions did not
appeaf to be uniform. Instead, Allan and Kristofferson (1974a; Allan,
Kristofferson and Wiens, 1971; Kristofferson, 1973) found that
discrimination performance was well described if the internal
&istributions were assumed to be triangular, not uniform.
Trianqularity makes no sense in terms of the original quantal counting
mode}. Nor does the finding that subjects can set a4 response
criterion, or vary a response latency, across a continuous range {(eq.
Kristofferson, 1974, 1977). 1f a subject’s indivisible unit of time is
25 msec, how does he shift a mean response time by 5 msec? And that
without otherwise affecting the shape of the response distribution in
any way?

The finding that intervals generated by subjefts are ‘
continuously adjustable is a nasty one for an}'quantal counting theory.
.Some continuous process has to be accommodated within the framework of
a funﬁamenta]ly discrete system, and in a plausible way, if the gquantal

view is to be maintained. 14 the main function of the periodic process

proposed to underlde the quantum is timing, and the main mechanism
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supposed far timing is the assignment of "dates® to events in terms of
these time points, continuous adjustability seems to me to be
critically negative evidence. Accordingly, I will set aside this

particular guantal view, Stroud’s "perceptual moment" hypothesic. {See

also Allan, 1973, Allport, 1948, and Baron, 19?1.f

1.2.3.2 Cortical Excitability Cycles

Kristof+erson’s-(1966a, 1946b, 19673, 1947b, etc.; Schmidt and
Kristofferson, 1943 point of view was somewhat different from
Stroud’s. It was hypothesized that the time guantum reflected a
processing limitation of the nervous system, not a dedicated process
for conscious timing. According to this "cortical excitability cyecle”
hypothesis (reviewed in Harter, 1947), certain types of jobs can be
done in the nervous system only at specific Fimes, minimizing the total
processing load at any instant. Thus; for example, attention switching
might only be possible once every q msec. Sampling of input in an
attended channel might also occur once every g msec, perhaps a few msec
after the time at which attention switching to a channel can be )
completed. (This particular case was raised by Kristofferson, not by
Harter. See Santa-Barbara’s 1967 review of the physiolagical thinking
behind Kristofferson’s gquantal theoEy.) The t%me quantum reflected in
human‘timiqg is the period of whatever process it is that regulates
switching and/or sampling times. The process may send out one signal

per cycle that can be counted, and if it does, and these signals are

tounted, we have a quantal counting clock, However, that is not the
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ocnly type of cloek possible under this view, and the quantum may be
reflected in timing whether or not counting takes place. Suppose there
is a2 "perfect® clock i; the nervous system.'-ﬁessages to the clock to
start or stop timing, and messages from the clock that an interval is
complete, or that an interval lasted so long, still have to be sent and
received in the system. [f messages to and from the clock can only
take place once every g msec, then the resolution of timing is not
infinite,las is this hypothetically perfect clock’s, but instead it is
determined b; the quantum size. <

The central idea in Kristofferson’s gquantal theorizing is that
messages (eg. stimulus events) are processed in stages, and a periodic
process determines when a message may praceed to the next stage. A
number of different timing hypotheses have grﬁwn out of this, at least
one of which is probably wrong, and more than one of which might be
right, depending on the situation?ana the strateqy of the subject.
Before presenting those, I should note explicitly that EE® alpha, with
a frequency of 20 cycles per second, is very frequently discussed in
presentations of periodic processes and timing. EEG figured
prominently in Kristofferdon’s early work and thought (Kristofferson,
Note 3), and in many other discussions. The research linking timing
and EEG has produced a rather underwhelming case for this idea, however
(for example, Holubar, 194%; Legg, 1948). The présent discussion is
without reference to any particular periodic process in the neruousz

‘ system.
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1.2.3.3 The Onset-0Offset Model

The first quantal model for duration discrimination'(after
simple quantal counting failed), was the onset-offset model of Allan,
Kristofferson and Wiens (1971). Suppose that there is_time jitter of
up to q msec before a sgimulus is processed centrally. There are two
sources of variability in ;timulus presentation: the onset of the
stimulus interval has to be registered, and the offset of the interval
has to be registered. 1f the onset and’o%féet delays are uniformiy
distributed, and are independent, their sum is triangularly
distributed, with a variance of g2/6 (see also Kristofferson,
194éb). I¥ t;ere is no'other_ua}iability in the timing process, then
sibjective durations asso&iated with stimuli should be distributed in
the same way. This model alsoc predicts that timing variance should be
constant across the range of intervals over which onset and offset
de(;ys are the only sources of timing variance.

Allan et. al. found that the assumption of equal variance
tfiangular distributions predicted the operating characteristic curves
of their subjects’ duration discriminations quite well, at Jeast as
well as an assumption of equal variance.normal distributions, and much
better than Creeiman’s model, which implies proportionally increasing
variance in the internal durations. Quantal estimates from the data
were either very close te 50 (4 between 46.1 and 52.1) or very close to
25 (3 between 23.0 and -26,.3) with one exceptional value of 37.4. The
nymerical values thus appeared qdfte comparable to estimates from

successiveness discrimination and reaction time work. 1In this
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experiment, the range of durations studied was rather narrow (50 - 150
msec), but results in some ways comparabie to them were obtained by
Allan and Kristofferson (1974) using a range of stimuli from 70 to 1020
msec. No subject worked with the enfire range of stimuli, and ¥or
identical stimuli more cross-subject variability was evident than in
Allan et. al. (1971). Further, variability was not(constant across the
ranges studied for most subjects, and variability dqfinitely appeared
to increase with duration. However, variability did not increase
continuousiy with duration. Inétead, it seemed as though variability
might be constant over subr n;es, with sharp increases to new levels,
which would remain constant over a further range of durations.
Estimates of q were again close to previous values, 23, 50, or lOQ,
excepting data from oﬁe subject (of 5 in 1974) that vielded a q
estimate close to 150. Both of these studies used light flashes as the
stimuli. Rousseau and Kristofferson (1973) used the offset of a light
and the onset of a tone- to mark the boundary of an interval, and

obtained equal stimulus discriminability across a range from 100 to

2000 msec. Discriminability in this study was poorer than previously,

but the evidence of constant variability in the timing process seemed
quite strong. Allan and Kristofferson (1974b) and Allan (1979) review

more of the same types of results.
~ : .
The onset-offset model was explicitly dissociated from the

hypothesis of quantal counting. Subjective duration was seen as a

continuous variable, not a quantized one. Variance is due to pericdic
(quantal) delays in getting information to the clock, which,
~
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implicitly, is assumed to Keep perfect time once it gets the message.
This approach‘ﬁreserues the core of Kristofferson’s quantal theorizing,
that a?beriodic process is a major source ‘of‘*timing variability, while
avoiding the compiications inherent in quantal counting modgls.

Despite ;ts success in accounting ;or_scme aspect; of the data,
there are a number of problems wi}h the onset-offset model. First,
there is a conceptual problem uit: the notion of independent uniform
delays of the onsetﬁ;nd offset stimuli, a problem raised in detiil'b;
Hopkins (1982)., The rationale behind the quantal delay is that a
periodic process determines Qhen a stimulus repreéintation can be deait
with centrally. Since the stimuius can be presented at any time
relative to the start of a cycle of this process, we can assume that
the distribution of waiting times before the stimulus is dealt with
(eg. before a message to start timing or to stop timing an& report the
lenéth of the interval) is uniform. But by the definition of the -
process, the times between successive "ready® periods are fixed,
Similarly, the time between stimulus onset and stimulus offset 'is
fixed, for identical stimuli, Once we know what the waiting time to
process the firé@ stimu]us was, and what the value of g is, then for
any stimulus duration we should be able to predict perfectly;wh;% the .-
waiting time to process the offset stimulus will be. Both delgys are

. “ . “p.
uniformly distributed, but they can’t e independent. .

A

: I . ‘ . . -
In the context of a model for synchronization performance,
[ ]

Hopkins (1982) made a more satisfactory suggestion. In the

synchronization task, the subject is presented with a short stimulus

P

PN
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pulse (P1) and is to make a responseé in synchrony with a later pulse
(P2). In order %o synchronize with P2, since the response movement
takes time (Michaels, 1977, estimated that the triggering of the

-

response starts about 100 msec before it is completed), the subject

must estimate how long it has Ri;:-since Pl and respond on the basis of

that estimate, not on the basis perception of P2 itself,

Synchronization {5 a timing task: not (usually) a ta;E\\
4nuoluing reaction time to P2. The stiquus-response chain can be
divided into three stages, afferent, central (including timing), and
efferent, with two gquantal delayrs, one be tween initiation of timing
after the stimulus is registered, and one between initiation of the
response after the timé{ indicates that responding should begin. So
far, this is identical to the thinKing behind the onset-offset mode} ,
except that in that case there is no central-to-efferent aelay as there
_is no timed response. The two delays in discrimination are
afferent-to-central delars. HopKins’ contribution was the.suggestion
that the periodic process controlling output from the clock might{have

a trivially different frequency from the process controlling input. If
so, the ‘two processes will pass through all possibie phase relations,
uan& knaJ{ng the @ajting time for input to the c]ock.will Yield no
infqrmation about the Qaiting time for £}ans+gr to the motor centers,

so the sum of the waiting timeg will still be triangular.’

Timing in the nervous systeé‘}s got deterﬁined br a single = -

crystal clock, as it is in a'comﬁuter. Instead it is determined,

presumably, by the actions of a number of cells. The idea that

roe
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transter from the clock to the motor system would involve different
groups of cells—from transfer from the sznsury system to the clock
seems plausib;L enough. The idea that different groups of cells would
be invoived in periodic regulation of transfer times also seems
plausible to ﬁe, and if.so, thé notion that the frequencies of the
processes might differ seems quite reasonable. Stretching the argument
back toward discrimination, if a second periodic process detérmines the
waiting time from the clock outward, whethér to the motor sysfem or to.
anywhere else, ;e have a second, effectively independent, quantal stage
that does not requi?e the difficult -hypothesis that waiting-times of
time—locked stimuli into the ciock are independent. 1’m not fully
satisfied with this afgument, but this ig:}he best suggestion avai;able
for triangu]arit} in the discrimination task. It should be noted that
not only does triangularity }it the various statistics from duration
discrimination data quite well ¢(Allan et. al. 1971; Allan and | |
Kristofferson, 1974a; Bfewster, 19835 Kristofferson, 1973, 1980, 1983),

but it describes the data at least as well as or better than a normal

e
dlstrlbutlon talan ety al k 1971; Brewster, 1983). In the S

*

«
synchronization gitu%linn, Hopkins (1982) compared the fgt of a

triangle convoluted with a logistic distribution (ef{gqent latency
variability) with tﬂiﬁ obtained from a variety of othé; distributions,
and the t;iangular h}pothesis was consistently supported. In sum,

whe ther éhe spefific mechanism proposed in the onset-offset model s

reasonable, tri#ngularity is empirically well established, and some

quantal staqe approa&h should predict it (which no other theory does).
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Far moée difficult for the onset-offset model is the variation
obserueg in 9. I+ the only source of variability is in input to and/or
output from the clock, and the clock times in continuous units, then
why does the uériance increase with durétion, stepwis; or otherwise?
There is no good reason for this and Allan (1979} and Kristofferson
(1977, 1981) have abandoned the model.

Research since the proggsa] cf the onset-offset model in 1971
has pointed to two Key revisions to this way of thinking aboui
discrimination behavior. First, the onset-offset model assumes that
subjects actuyally estimate the duration of the stimulus, and that they

base their discrimination judgments on this/estimate.  This 'is ca?ﬂed
the interval measure hypothesis and it paralle s stafdard assumptions
about the basis of discriminatign in any modality (eg. Thurstone, 1959;
Green and Swets, 1944). At least for the tasks under study, this
hypoth;sis is demonstrably incorrect. The alternative that does
describe the data is the real~time criterion hypothesis (Kristofferson,
}977), which I describe in the next subsection. Tﬁe second revision
has been the acceptance of quantal counting, strongiy suggested by the
finging of very orderly stepwise increases in the variability of
internal times. The problem for quantal counting was and is the
finding that subjects can produce interua]gpa]oug‘a continuous scale.

Since the problem is-critical for tgg_hypothésis, 111 review the

A
evidence for it, and-a suggestion for its basis, before describing the

- -

evidence leading to quantal counting.

(
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1.2.3.4 The Real-Time Criterion
In a singie-stimulus discrimination paradigm, the subject is
presented with, and asked to categorize, stimuli one at a time. 1In a
given session, you might present many different stimuli, having the
subject state, after each is presented, whether it is "short® or
_/'15;9'. The midpoint of the stimulus set is usually used by the
expecimenter-as a dividing point, and the subject’s Judgment; refined
with trial-by-trial feedback, is to be based on whether the stimulus is
longer .or shorter than that middle duration, Acco}ding to the interval
measure hypothesis, in this typ; of task, the subjeﬁt compares the
perceived duration of the stimulus withusane criterion value, and savs
"long" if the duration is(ioorlarge. Now, suppose that you present a
subject with a jong stimulus;‘and you discover that shé consistently
responds “long" b;fore the stimulus interval is compiete. How she does
this is not clear a¥ this point, but how she does not do it is by
measuring the duration of the stimulus interval, basing her judgment on
' the difference between this interval measure and a criterion. (The
interval has not yet ended so how could she have measured it?) The
interual measure hypothesis cannot deal with this Kind of behavior, but
this is what happened in numirous discrimination experiments.
kristbfferson and Allgn (1973) outlined the real-time criterion
hypothesi$ as an alternative and Kristofferson brought f:{a to bear on
the issue 'in 1977. The idea is that the subject turns the task into a

time production task, generating a criterion interval, and bases her

judgment on which ended first, the stimulus or the criterion. As soon

H
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as one of them ends, she can immediately respond, either long if the
criterion interval ended first, or short if the stimulus ended first.
It is called the *"real-time" criterfOn Derause it is assumed that the
subject is working in "real®” time. With training, she learns to
generate an interval of the required length. How long that interval 3
seems subjectively doesn’t matter. All that matters is that it is the: ’
right length, and, given that, whether it or the stimulus ends first.
To test the‘idea, Kristofferson examined subjecégﬁ-performance
in a speeaed discrimination paradigm. In this case, the duration
stimulus was an empty iﬁ3erua1, bounded by two short <10 msec) auditory
pulses, Pi and P2. The subject was instructed to respond "long” or
‘shorE; as quickly as possible. (To avoid regﬁ%nse competition
problems, in any given session, subjects either made "long" responses,
doing nothing when the stimulus was judged short, or they made "short®
responses. Many sessions 5{:33:h type were caonducted.) Three
predictions can be made about performance in this task. First, "long"
responses should be time-locked to Pi, the stimulus marking the start
of the interval, and the "short" responses should be time-locked to P2,
By - *time-locked" ] mean that the distribution of response times shouild
depend only on the time since the s!imulus'to which they are "locked".
‘Long" responses a;e triggered by the criterion, and should occur at
the same time no matter when P2 is, so long as P2 comes after the
criterion interval e;ds. “Short* respénses are made when the stimulus

ends (P2 happens) before the criterion interval ends. They should be

simple reactions tp P2, and should not depend on P!. The second !
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prediction is related to the idea of time-locking: the distribution of
*short” responses should look like a distribution of reacti:; times,
whereas the distribution of *long” responses should look like a
distribution of time production responses. The final prediction is
that g should be estimable from both the response probabilities and
from the reéponse latencies; and the same esfimates should be obtained
in both cases.

#ristofferson and Allan Fl??B) can be consulted ¥or the details
of estiﬁﬁting q from discrimination probabilities. As to the response
latencies, Kristofferson (1977) made the following argument. I a
*long" response is time-locked to P1, its latency includes the afferent
latency (the delay between stimulus onset and\gtimuius registration),
the duration of the critgrion interval, and the efferent Tatency (the
delay between the end of the criterionL{Fterual and the compietion of
'the response), The latency of the short‘response; as measured from P2,
consists of the afferent latency associated with P2 plus the efferent
laten y the delay between registration of P2 and the making of the
fast re ion response. Assum}ng that the variances of the afferent
latencies in both cases, and those of the e{{erent latencies in both

_Lases, are the same, the variance of the internal criterion interval is

\
~

simply the variance of the "long" response latencies minus the variance
of the *short" response latencies., If internal timing distributions
are triangular, their variance should be q2/4, so the difference in
uariapce be tween latencies of long and short respons%s should yield an

estimate of g directly.
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It is important to note that there is no way of filtering out
. / -

afterent response latencies in the discrimination case. Estimates of

vartability (and thence of q) in deration discrimination are based on

response probabilities, inch reflect the total variability in the

- task. If there is a{ferenguiatency variance, the estimate of g 4rom
discrimination Should be higher than the one we obtain from the
Féspcnse latencies. ‘

One question that is preliﬁinary to research of this type, by
the way, is whether pr not subjects can produce an internal criterion
interval with any degree of stability. Kristofferson (1974) addressed
this using a synchronization paradigm. In this cése, the subject is
not required to make a discrimination response. She is merely required
to respond a specified time after P{. P2 is presented as a marker of
that time, i.e. her'goal is to respond in synchrony with P2, and the
earliness or lateness of P2 relative to the response serves as
immediate feedback on each trial. Subjects perform this task well and
their response distributions 1ook triangular.

The results frod'Kristofferson (1977) were as expected. My
descr]ption will ignore results from stimuli that fell within one q of
the base duration used (1140 ﬁsoc) as examination of these would
introduce complications that are not relevant here. (They are not
discordant with the theory). The response distributions to the "short®
stimuli were supposed to be reaction time responses to P2, and were not

supposed to depend on the P1-P2 interval. They were, and they didn‘t., *

On average, responses followed P2 by 148 msec. Kristofferson (1974)

—

-
\
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estimated react?on time to similar stimuli at about {40 msec. Response

distributions to P2, at thhef/dl¥ferent P1-P2 intervals, looked the
same Tn shape as well as in mean (see Kristofferson’s Fiqure 4, in
which they are superimposed). The distributions were highly peaked,
fairly symmetrical, and comparable in variance to thdse cbtained from
the same subject in synchronization (Kristofferson 1974) when the
synchronization response was to follow P! almost immediately‘%i.e. when
P2 was in the reaction time range after P1), The distribution of
*long" ‘responses was time-locKed to Pl. The mean response latency from
P! was 1340 when P2 followed P! by 1350 msec, 1343 for a P1-P2 interval
of 1373 and 1347 when P2 followed P! by 1550 msec. The fgsiributions
were z2gain symmetrical and superimposable, The estimated q from the
latencies was 9$5.5. From the response probabilities; the {(entirely
independent) estimate was ?3.3 msec. To instantiate the meani;g of
'wel]—ﬁ}acticed subjects", since 1“ve raised the issu; of ppactice
before, these data were collected over 114 sessions of ﬁﬁhltrials each,
using the same base duration in each session. Data r;ported in the
same paper from subjects who had only participated in 40 and 44
sessions, respectively, were more variable, and the subjects had
clearly not attained asymptotic levels of performance, as is required .
by the theory for any stringent tests,

Kristofferson (1783) extended these results, on the same
subject, across more base durations, obtaining highly comparable g

estimates from the latencies and the response probabilities across

conditions, and also obtaining q estimates highly comparable to those

]

-
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found, ¥rom.the same subject, in non-speeded discrimination
(Kristo%ferﬁon, 19806). As such, they also provided further support for
the quantal counting hypothesis, which cannot bg taken seriously until
the problem of continuous adjustability is cleared up.

-

4 1.2.3,5 Deterministic Internal Delays

The criteri;n duration can be estimated from response
probabilities in standard duration discrimination data, and
Kristoffaerson ¢1973) noted that these seemed rather more precisely

\B%aced than would be expe;ted it the subjects were workKing in guantal
(eg. 23, 50 or 100 msec) units?‘ Without downgrading the value of such
data, 1“11 note that in+erences\§bout the shape and mean of internal

distributions that are derived from discrimination are necessarily
| L,
rather indirect. All that rou have (to go on ig a large number of
: ' ,_\/
binary decisions (long, short) associated with a few, sometimes very

4

\ M " .
few, stimuli. Many assumptions are involved in estimation of criterion

durations from such data. More direct egjaence for cpntinuous
adjustabitity comes from production tasﬁs, I the subject can
accurately produce any duration specified,_witgsut changing any
statistics of his response distribdtion other than the mean, from
interval to interval, the conglusion t;at he is working with a
irontinuous scale is inescapable. Kristo;ferson (1974) obtained results
of this tyPe using a synchronization task.

-

To illustrate the proB]em this poses for a quantal counting

theory, 1°11 present a hypothetical example. As above, to Keep the
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{ discussion to the point, I will ignore afferent and efferent latencies
and their varijiances. Suppose that g iz Z0 .ad the timing distribution
is triangular, The variance of the response distribution is g&/é,
or 104 msec2., I+ we present the subject with a stimulius, Pl, and
ask® him to respond precisely-360 msec later, he should have no trouble
with this, because it is exactly 12 quanta frdm P1. SimiTarl?,
synchronizing with a P2 tht occurs 325 msec (13 gquanta) after P1 should
also be easy, the variance should be the same, as should be the
response distribution’s shape, Now, suppose we make the P1-P2 interval
312.5 msfc. This is 12.35 guanta, but, quanta being indivisible, the .
subject will have difficulty counting hal+f of oﬁ%. He can produce a
mean of 312.5 by counting 12 quanta half the time and 13 quanta the
other half of the tigj)s, but now his response distribution will have a

flat top rather,@hﬁpfa stharp peak and his variance will be much larger.

I1¥ his tlmsng is based trictly on quantal counting, he cannot produce

an average 312.5 msec interval in any way but by prodeing a mixture

distribution of responses, some based on overcounts and some on
undercounts. Similar problems arise, of course, for 3035, 310, 315 and

320 msec intervals, (In these cases, the distributions have uniquefry

modes but they are asymmetrical.)

Kristofferson (1974) found that synchronization response
distributions had the same shape and variance from 170 through 350
msec. ‘Uariances throughout this region were about 125 msec2., Many-
intervals studi?d differed by only 3 msec. The mean latencies were

o

“yvery close (within a few msec) to the P1-P2 intérua]s at every interval

]
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studied. I should qualify this by noting that the variance steadily i
increased, for one subject, as the reaction time 1imit was approached,
and was only convincingly constant from 300 to 550 msec. The shorter

17 :
the P1-P2 interval below 300, the morél difficult the task for that

subject, and the more variable his responses. However, small

differences in the interval produced small differences in variability,
and the means still-tracked the intervals closely. All distributions //’/“4i\
were unimodal, bounded, symmetrical, and very highly peaked. They were
not produced 4}09 mixtures of counts of different numbers of gquanta.

The-r;sponse distributions were not exactly triangular, nor

sﬁould the; be. Efferent latency variance may be constant from
interval.to interval, but it is pot zero. Wing (1973) developed a
means, in a repetitive keytapping task, of estimating efferent latency
uar}abiiity, which he manipulatéd by changing thé ﬁequired regsponse
movement from condition to condition. In well-practiced subjects,
motor variance is about {0 to 50 msec2, . (Similar estimates come /
from Meijers and Eijkman, 1974, and Vorberg -and Hambuch, 1978.) There
is no strong evidence regarding the distribution of efferent latencies,
but there are some grounds for supposing that dhe distriBution is bell
shaped. Meijers and Eijkmaq;jj9?4) makKe a conu}ncing c;se that the
variability of motor delays reflects the contribution of delays from a
large number of cells, in which case the delays might be normally
distributed.‘ Hopkins (1982) reviewed this literature in somewhat more

detail, and used a logistic distribution as an approximatfon to the

normal in examining synchronization-response distributions, anpd testing

&

;\
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e

’the fit of the quantal model. Subsequently (during.his thesis defence)
he has stated that with further reading and discussioncﬁe'thinks the
logistic model might be more accurate than the normal. 1t doesn’t
matter all that much in the context'of the present research which
finite-variance bell shaped distribution we use for the efferent
latencies. [ will assume, with qukins, that it is logistic. The
disiribution of synchronizations under this view should bé the
distribution of a triangular variate added to an independently
distributed (Botwinick and Thompson, 1944, for example) logistic.
Plus, of course, a random variable representing atferent 1étency,
unless that isn‘t variable, and it seems not to be, at least for
audi tory and tactile stimuli.
. ot

Synchronization variance is copstant from 140 to 550 msec and
there is no difference in the shapes of the distributions across this
ﬁﬁhge. Delaving a‘reaction time Eangelresponsp (140 msec) by up to 400
msec” has no effect on the response distribution, except in the mean.
Given the lack of effect on variance and shape, it is most plausible to
assume that these internal delays are not themselves variable, }.e.
that they are deterministic.2 But these delays are not only )
ﬁeterministic; they also seem to be continuéus]y adJustablé, at least
for auditorily bounded durations. Quantal delays are deterministic,
but they are not continuously adjustable. whe;e are these coﬁinglfrom?

Kristofferson (19?6)'specu1ated tﬁat it might be in the

afferent latency. The introspective basis for this hypothesis was the

report of perceptual "shortening" of stimulus intervals by experiehced

\,\



o
39

‘subjects when working with relatively long intervals. At the very
start of a session, the subjective duration associated with a P1-P2
interval was reported »o be £Lch longer than that associated with the
sﬁme interval a few trials iﬂ?gfigngession. Once the subject wase
"warmed up®, the interval seemed fairly shor{, and, subjectively, it

stayed that way. This suggests that the stimulus is being delayed

S —

before it r?aches the clock. As a subject who became very experienced

L}

at a PI-BZ’interual of 440 msec in Joan Brewster’s syhchronization

experiments, I should report tﬁat this does not describe my impressions

. . < ﬁ -
at all. Nor, from reports from the two subjects in the present

. 1]
reséarch who synchronized in the 1400-2100 msec Pi-P2 range, does it

‘-u_'
describe their subjective experiences. However, it was striking for

\\$\\‘: " "Kristofferson’s subjects and was the basis for a plausibie suggestion

~

.

independently of the introspective reports.
- " ’ N o

If we parse the synchronization stimulus-response chain into
afferent, central and E:ferent components, then a determ;nistic delay
isn’t likely to be part of the efferent latency, wﬁich is not
deterministic at any level studied (see, eq. Meijers and Eijkmaﬁ,
1974>, 1€ by central w; mean a discontinuous quantal clock, it can’t

v

be here. I there is no variability in the afferent latency, then at
this level, pergéps the stimulus could be recycled through some part of
the afferent meThanisms before it is brought to the clock. If afferent
1atéﬁﬁy variance is zero, this is the most likely candidate for the

delay, even if the clock is not qdantal {especially if the clock is

variable, with increasing variance with durationl. .
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One source of evidence for non-variable afferent latencieg is

the finding that in speeded discrimination the latency based estimates
are the same as the discrimination based estimates. 1f afferent
latency variance was present, q esTimates from the resﬁonsg
probabilities sQould reflect this, and be higher. Certainly, there is
. room for such ;;riability to be missed w;en ﬁ is about 100, since
timing variance at this level should be more than '$1400 msec2

(ge&’/&). But ;hen g- i's only 23.9, as in Kristofferson (1983;7

;ariance i; only 95.2; which is more constraining. When
synchranization latency variances are as low as 35 msQCE, as

obtained by Hoékins (1982;AH$pkins and Kristofferson, 1980) after
exorbitant amounts of practice, there is barely enough far us to

include efferent latency variance. 1If q fs as low as 12.5, timing

variance should be 26 msec2. There is simply none jeft over for

. 'Yl

afferent latency variability to account for. Further, Hopkins (1982)

tested the fit between thesé data and his model for response latencies
that specified that they should be distributed as the sum of a logistic
efferent latency variable plus a triangular timing variable, with no
prouision.fo? affe?ent variability. The fit of the model to the data

was excellent. Divenyi and Danner (1$77) developed an’extension‘g;
Creelman‘s (1942) theory th;t allowed them tﬁ estima%e audi tory
Eafferent latency variability in their task. Their estimate'ﬁas 1
msec2, In a éeparate review, Divenyi (1974) has argued that it is

arount~2Amsec2, Finally, Hopkins and Kristofferson (19805 T \\,
e

Hopkins,/1982) were able to obtain synchronization variances to tactile

By

7 ‘ _ *'&
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stimuli that were just as impressively low as the responses when Pl was
auditory. Either tactile and auditory latency variances are non-zero

and equal or the latencies are not variable and the authors censidered
non-variability more parsimonious.

For no reason that I could logically defend, I.ftnd it
difficult to believe that afferent latencies are constant. Nor,
assuming. that they are, am 1 convinced that deterministic timing is ‘
accomplished at this level. However, the existence of deterministic
timing seems well enough establisﬁed, and Kristofferson’s and HopKins’
plausibility arguments for this basis seem valid, as plausibil{ty
arguﬁents, and 1 don’t have any bgtter suggestion to offer, so as a
workKing hypothesis, 1 assume that they are correct.

Given that there is recycling at the afferent level, it can
take one of twqﬁ{prms. In Kristofferson’s (1974) study, the behavior
o{'one subject was examined across a range from 155 to 2190 msec: His
variability was constant in the 300 to 550 msec range, increasing
slightly with shorter s@imuli,.and increasing substan£ia11y with longer
ones. If it was supposed that a strictly deterministic timer was
responsible for timing out to 550 msec, and that a new clock.came into
play from 350 msec onward, the data indicate that that new clock is a
Weber“s Law clock. If central timing in this task is
non-deterministic, the afferent latenc} can be lengthened as much as
400 or so*msec‘(the other 130 of the 550 msec latency being taken up by

the time it'takes.to perceive and respond.) This would explain the

, .
perceptual shortening reported in the task, and the transition to the
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new clock at 550 msec. Presumably,-the stimylus can’t be held up s
internally forever.‘ P K .
. ~ A ‘\.\__ ~“- .
Alternatively, the stimulus might be\recycled only for a few
: b j‘.
msec, and then be passed to a quantal counting clock, Recalling the
{
. | -
example at the start of this section, if the repreE;Qiftion of a 312.5<f \}
msec .stimulus was always held up by precisely 12.5 ﬁsec, the subject "T'*‘“Q
. L :
would be faced with the simple task of timing a 12 quantum interval. \
14 we then increased the interval to 317 msec, -the afferent delay could N
L Al
_ : Y ’
be increased to 17 msec, anz:the task would again be the same for ths (’ ‘“f
- , NED
clock, 14 the afferent delay, once set, is constant until it is re-s?t’“' N
L

for a new interqfl, this adds no variability.. Part of the function of
training might be the development of, or development of reliance on, a
constanf length delaying neural pathway. This %ails to explain why
there is a transition at 550 msec, but, as noted gar]ier, Michon (1967
has made the case that thgre should ;; a transition to a new timing
mechanism at this interval. On the other hand, from discrimination

i data to be described next, a strong case can be hade tha{ there is no
shift to a new type of clock, but there is a quantal counter. If
fine-tuning of the quantal counter can be'accomplished by short,
cont}nuously adjustable, deterministic delays at the afferent level,
the devastating argument against quantal counting, i.e. the problem of

continuous adjustability, loses its force, and we are free to take

evidence for such a mechanism seriously.
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1.2.3.6 GQuantal Counting

Throughout the discussion above, I‘ve referred to q values that
hovered arpund 12.3, 25, 58, or 100, The visual discriminatiﬁn'data of
Allan et, al, (1971) vielded estimates very close to 30 in one
condition, ;nd very close fo 25 in a later condition, after the
experimental procedures were refined; Duraticns studied in this case
ranged 4;om 50 to 150 msec. Synchronization data (Kristoffersom (1976) °
yielded estimates close to 25 in the 140 to 550 msec region of P1-P2
intervals. Converging estimates from speeded discrimination data
(Kristoffersaon, 1977) were uirtual]ylidentical, and!g%ry ciose to 100 !
(95.3). Durations in this case were centered about 11480 msec. HopKins
(1982) used a minimum chi-square estimation technique to estimate the
trigngular and logistic parameters separately from synchronization
response distributions. From very highly practiced subjects, he-
reported g estimates of 14.4, 14.8, 11.4, and é.l, averaging 12.9Bl
Synchronization intervals in this case were also within the 170 - 350
msec region. Other examples are distributed throughout the discussion
above. What do theses different values imply?

Three empirical generalizat1uns come to mind %rom examining
such data. ‘First, as is evident from the numbers, q estimates form a
geometfic series, Each'u;iue of q ias double the next smallest.
Second, thgre'is some trend for q to increase with base duration,
though it is found to be constant across ranges of base durations.
Third, if there is a minimum value that can be achieved at a-giuen base

or synchronization interval, there is no duarantee that it will be
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achieved there. Comparing Hopkins’ (1982: HopKins and Kristofferson,
1980) results in the same range as irisiufferson’s (1974) (which shared
one subject, by the way, so cross—-subject variability doesn’t account
for this), the q estimates in Hopkins’ case are half of
Kristoffer;on’s. HopKins introduced a number of ‘procedural refinements
into his version of the tasﬁ, and practiced his subjects even more
extensively, and there was evidence of continuing improvement with
practice even a+ter-100,000 t(ials at the same interval.(!) Thus,
whilé there may be'a minimum achieu§Qje value of g associated with any
interval (there may not), tﬂe value tﬁaé will be obtained in any

particular task depends on practice levels and on the specifics of the

task.

) Some further euidénce for stepwise increase in g comes from the
visual discriminatioﬁ data of Allan and Kristofferson (1974a), Over
the range from 70 to 230 msec, q appeared to be 22. Around 400 msec,
only one subject was studied. The g estimate was 59, From 500
.upwards, q appeared close to 100, though for one subject it was higher.
Stili; there was a tot of cross-subject variability, few different base
durations (midpoints of single stimulus sets) were invoived, and no
subject was studied across the range. The stepwise increase is
suggested in these data, Eut it is not clearly ev{ggnt unltess one is -
looking for-it.. S

Much more extensive data were collected with auditory stimuli
1

by Kristofferson (1973, 1980, 1983) and the case they maKe is far more

convincing. The 1973 and 1980 data are the same (with, I believe, more
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data in 1980). The 1983 study used speeqed responding whereas the 1980
study did not, and it included much more extensive practice at fewer
base durations, selected on the bgsis of the 1980 resulis. In the 1980
paper performance at 13 base durations was reported. }Again, these are
midpoints of single stimulus sets. The advantage of this procedure.is
that on a given triai, there }s only one stimq]u;, and so only one
triangularly distributed variate.) The base durations ranged from 100
to 1480 msec. The data from the first five séssions at each base
duration conformed nicely to Weber’s Law. Standard deviations, and
thus q estimates, increased linearly with the means. With increasing
practice, variability at some intervals declined substantially, while
variability at others remained virtualiy cqp%ﬁant: 8y the end of 20
sessions per base duration, a very di{+eF\Qj/ﬁ}cture was evident in the
data. Durations could be grouped into four ranges. At 100 and 140
-msec, q was close to 14. From 200 to 350 msec, q was close to 23, @
was nearer 50 in the 450 to 800 msec region, and aboue-that it was
closer to 100, with some values around 150 as the interval increased.
uTlhin these ranges, q was still increasing somewhat, but at a much
slower rate than found at +i;st.. Furthecr, the differences across
ranges were clearly ltarger than the 'differences within ranges.
Finally, the q estimates for stimuli toward the low end of any given
range had not changed much, whereas those from the longer stimuli in
eagh range had come down considerably. wifh increased‘practic;,

Kristofferson (1980) argued, q values obtained from stimuli at the long

end of each range should decline further. That was checked in 1983,

. 7.
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with up to 70 sessions practice;at durations chosen from both ends of
some of.these ranges, and was cqearly confirmed.,

The empirical generalization that emerges from such data is
that the values of q can be described in terms of "doubles sets”, .Frcm
100 to.ZOU msec, q is about 12.5. From 200 to 400 msec, i.e. double
the previous range, q is 23, From 400 to 800, it is 50. Double
everything again to obtain q = 100 in the 800 to 1400 region.
Kristofterson (1983) also studied stimuli centering around 1800, which
should be in a 1400 to 3200 range with a q of 200. The estimated q,
from response latencies and from response probabilites, was very close
to 204, Thesé would be sensible values if the subject’s duration
estiﬁate was based on a quantal count, with a maximum possible count of
16, 1% the smallest possible q is 12.5, the subject can use that to
time out intervals lasting up to 3?0 msec. Beyond that, either the
subject can give up on counibqgf/or he will have to count in larger
units. Quaﬁta being indivisible, the next unit is 2 quanta, 25, uhﬁﬂgv,,/”,
takes him to 400 msec, and so forth. I should be explicit here in
noting that this counting is not done conéciously.

Fine tuning of the system, according to the argument presented
in the previous secfion, is done by the setting of deterministic
afferent delays., Stimuii are perceptually shortened so that the clock
can work with an integral number of quanta, even though the stimulus
itsel+ does not last an integral number of quanta. Kristoffersoﬁ

(1980) puzzled over the increase in variability within ranges, and

suggested that perhaps there was some variance in the count, that
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‘
increased with the count; In this case, as stimulus duration increases
berond the minimum value fot a range, so does the timing uariabi!ity.
Perhaps this is correct. Alternaiiuely, 1 suspect that if the afferent’
delay hypothesis i; correct, it Qbuld be much'harder-to delay a
stimulus for a long time at this tevel than it would be to delay it for
a shart time. Pgrhaps the variance increase, within ranges, simply
re+:;ct5 the amount of practice required before a stable afferent aelar
can be obtained at the qight value.

N _

The hypothesis of quantal counting, with a 4 bit (16 maximum)
counter, cannot be tested in all experimental settings, nor cculd the
subject use such a counter effectively in all settings.  Suppose that
we randomly varied stimulus duration from 30 msec through 2000 msec
within a single session, for example. (Such variation would be quite
reasonable.in the context of a two alternative forced choice task, in
which the subject ig merely to state which of two intervais is longer.
This is how such tasks are uysually run, in most modalities.) The
subject has no way of Knowing, in this case, what range of stimuli is
reascnable for a given trial.. I+ he tried t& count quanta, he might be
faced with the hopeless task af spreading at most sixteen 12.3 msec q’s
across a 2000 msec interval. Having learned a lesson aon that trial, he

"might ﬁp faced on the next with timing a S0 msec stimulus using a 200
msec quantum. With practice, the subject would undoubtedly become
'expert in the use of some other timing méchanism.'wThat other timerl

" might be a Poisson clock, a Weber’s Law clock, a "perfect® clock, or

something else altogether. There is no restriction on the type of
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clocks possible in Kristo*%érsoﬁ’s quantal theorizing., The guantum
reflects the period of an information gating pracess, which restricts )
the temporal precision possible in any situation by .introducing
variable delays.at the level of input to and output from the clock.

The expectation that these delars will be relatiuely:laFge eﬁougﬁ, in
variability, to be measurable behaviorally is based on the assump{ion
that with practice the subject will learn to use the most sensitive
timing strategy that he can. This will only sometimes be a quantal
counting strategr.

In ﬁaturalistic settings, the-use of deterministi; timing
strategies might be quite restricted. Quantal counting with an
appropriate multiple of the minimum quantum size was possible in the
discrimination expériments because the same narrow range of durations
was used for session after session until well after the range of
stimulus intervals possible was extremely well Known to the subject.
The types of situations in which people might use quantal timing
regularly might include timing out a short interval before striking the
next Key on a piano, by a professional musician, or timing the required
delay between the pitch of a baseball and the swing of the bat by an
experienced ball player (hopefully resulting in good synchronization
between the arrival time of P2, the ball at the plate, and the

response).3

1.2.3.7 Visuval/Auditory Modality Differences

If timing is centrally done, and if the guantum reflects a
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periodic process determining when input will progress to'centrai
processing, and when processing will progress to the next stage after,
the last thing that should affect timing variability is the modality of
the stimulus marKers, especially if afferent latency variance is zero.
Why should it matter whether the stimulus used to mark the onset and
offset of an interval is visual, tactile, or auditory? Yet it seems
-to. Returning to the discgimination data, comparison of the visual
resuits of Allan et, al. (i??l) and Allan and Kristofferson (1974a) to
thﬁ audi tory results from Kristofferson (1980) (comparable values were
obtained from Brewster, 1983, at 240 msec), and averaging results .
across subjects, conditions, énd measures, | obtain the following (all

units in msec):

Interval Auditory q Visual q
100 t4 22 (1974) 34 (1971)
150 16 24
200 25 29
350 31
4090 59
4350 48 _
370 40 103
740 40 127
?10 113~ 112

There are some probliems with this‘codparison because the
subjects in the visual experiments ﬁarticipated in fewer sessions, in
total, than the subject of Kristofferson (1980) and those of Brewster
(1983, who obtained q estimates as low as 17 in the 240 msec region,
but using a task too complicated to describe in detail here.) Thfs is

especially problematic in the 1971 visual study, in which conditions
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were uaried in random order, from sessicn to session, which may have t
reduced the benefits of practice.T Further, some procedural refinements
affected q, vielding a bimodal distribution of g estimates clustering
/;tnund\§0.and, in the §econd expérimént, 25. In the 19?5 study,
/,/,howeuer,\Ethects stayed at the same base du;ation for 10 to 21
(usually. 20> sessions (288 trials per sess1on), which. isn’t very
different from the 20 sess;Bhs (300 trials each) at each b;se duration
used by Kristofferson (1980). \This small difference n practice T

, 3
shouldn’t account for the virtual doubilngaof q ualu s lpltkfﬁrhi\‘_y;/,a‘j
\ )

relative to the auditBPy data.
".—'. .

There is algo euidgnce_of a difference ih the estimated

- —
130 :

duration of uisua!lf]and auditorily marked intervals, Uisﬁally marKed

intervals are typicélly perceived as shorter, Goldstone and Lhamon

-

-

(1972, 19742 and Lhamon aad Goldstone (1974)'reuiew dozens of
.experiments of theirs §mahy with Goldfarb) that employed a wid% rangé a
of psychophysical procedures, including production, reproduction,
discrimination, and category rating.‘ Their findings are quite
consistent, and they cite many independent replications,
wInterestingly, Lhamon, Edelberg and Goldstone (1942) found a much
smaller difference between auditory and tactile stimuli than be tween
auditory and visual ones. Goldstone’s studies have typically emploved
lots of subjects, making judoments about lots of stimuli, but not
makjpg ﬁany qudgments about any phrticular stimulus., The only
cross-modal study that 1 am aware of that involved many Jquments per

stimulus was conducted by Tanner, Patton and Atkinson (1%43), who

»
-
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studied only three pairs of durations, 300 vs 400 m%éc, 1000 vs 1100
-msqc, and 1300 vs 1400 msec. Only one pair of intervals was presented
(512 times) per sessiqp. Either of the pair of stimuli could be
auditory or visuai, v}sual stimuli wére judged as longer (not shorter)
than auaitory stimuli when the base duration was 500 msec, but not

£

otherwise, ‘fhe aut?ors suggested that they failed to obtain the
e++ec;s reported by Goldstone ana his colleagues because of the
difference in practiCﬁ.0+ their subjects. Goldstone’s response has
cludgd many morg ex;eriments, inciﬁding discﬁiminatioq siudies (which=
had not been-run preuiojs;yi; that used many subjects, many stimuii,
and not many responses per stimulus. He still gets the eifect, whlch
desp:te the occasuonal failure to replicate (eq. Brown and Hitcheock,
1945), seems pretty reliable for unpracticed subjects (see also. Alker
and Scott, 1981, who report even more of the same).. Etsler (1977)
reviewed and reanalyzed studies which indi'cated that\ he
psychophysical {antion for duration can be represgn by"a power
function, the exponent for auditory durations is smaller. than that for
visual durations. Again, thesq invaolve few Judgments per stimylus,
The one effect arising from this™.iteratjire for practiced subjects,
which is all-that I‘m interested in for reseni purposes, -is the
finding by Taﬁ;er et. al. (Pgéﬁ) th paigg of auditory stimuli in
thelr exReriment_were discriminated more accurately than pairs of
visual stimuli, which is what'the comparison of the visual and auditory

data above also shows. In this case, however, the subjects al) have

the same level of experience with the stimuli.

N
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There have.ﬁéen no extremely long term studies of visually
presented dﬁration of the class avaiiable for auditory durations from
Kristofferson (1973, 1980, 1983). Comparisons of fully asymptotic
discrimination behavior across modalities is not possible. There has
been cne;attémpt to compare long-term synchronization performance
across modafities (HopKins, 1982).

hopkins (1982) started with(ﬁjcumpérison of synchronization
pertormance when P! and P2 were tactife to performance when the stimuli
Qere visJ;l‘ I”711 spend some time discussing the specifics of his
approach, partially because an unaerstanding of these is prerequisite
to an understanding of his interpretation of visual Eo audi tory
comparisons, and also because many of my.analyses, and an important
aspect of my procedure, were directly based on his work,

In-the synchronization work of Kristoffersqn (1974) and
Brewster (1983), trials were paced by the computer_that controlled the
exp%rimgnt. Thét is, 5?‘Eﬁg‘end of a trial, the ;:;Byter waited a
fixed periodrof time befoéf sgarting the néxt trial with a warniné
stimulus, a loud auditoryufhénk'. Following the honk was a silent
interval, tﬁe foreperiod, that lasted a fixed interval of time, and it
was foliowed by P! and thence PZ,E\Hopkini {1982; Hopkins and
Kristo+ferspn, 1980) and Michaeis (}937) used self-paced trials

instead. GSubject to a very short mini)um intertrial interval, the

subject was free to start the next trial at any time she wanted. To

12

T
weak electrical circuit between the button and a brass plate on which

W/

start a trial, she placed her finger ob\i_brass button, élgffﬁg’a very

.
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- she rested the heel oflziF'hand throughoutﬁthe.ﬁession. The subject

kept herinnger on the button until she was re;di to respond, in
i ‘_-"“‘ r\
synchrony with P2. Each trial, then, included two respanses, a trial
. . ' 5
initiation response (finger down) and a synchronization Mesponse

(finger up, breaking the cifcuit)., Hopkins’ synchronization stimulus
was presented almost immediately after the trial initiation response.
The foreperiod in this case,_ the interval ﬁetﬁeen trial initiationczz?
response and onset of Pl, was usua / 'xedqét a coggtant uelue of 91

msec, ' ‘

The act of pressing the response button is a source of tactile -
4

stimulation in this situation, 1f the auditory Pt stimulus is

perfectly timélo;yéd to the initiqtion response, as when thé foreperiod )
is a2 constant ?1 msec, the subject doesn’t have “to fisten to P1 in. ~
order to perform the task. She coutd just as well start timing from.
the moment she feels the button, which is a very sa]ienﬁ stimulus under
the circumstances. Hopkiﬁs’ goal was to determine which stimulius was i
controlling her behabior, auditory P! or tactile feedback from the
response., _He starf}d by inserting a uniformly distributed delay of up
to 20 msec iqfo the foreperiod. The variance of the interval between
initiation response and P! is now 33 msec2, which would be trivial
except that thec¥ariances of the synchronizations were well under 100
msecZ. P2 was still fully time-locked to PL, % e. the time between

P1 and P2 (the “synchronization interval") was Kept cﬁgstant.//lf the

subject cesponded on the pas}s of the time of P!, this manipulation

. o / ) -
should hau}ag;d no effect on her’behavior. ~H she responded on the

-
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basis of the time of her response, Pl and thus P2 were randomly delayed

-

relative to that response, so the extra variance should have shown up
e . N

. . S A
in synchronization latencies, whith are 'measured from the time of P1.

HopKins found no difference in performance dye to insert}nn of the
variable foreperiod, iﬁdicatiﬁg that‘Pl was controlling behavior.
Hopkins then_remo;ed Pl from the stimulus sequence, forcing th?
subject to rélr on feedback +;om heF*Frgpons;. A&fer practice, when'
the foreperiod was constant the subjects’ variances looKed exactly the
same aé they did when‘Pf was present (the average difference in
variances was 0.15 msec2 .  This indica;es~fhat sﬁbJects can use

their initiation response as a‘temporal marker and that they can use it

P , :
as precisely as an auditory stimulus. Hopkins also inserted a

: L 3
uniformiy distributed delay into the foreperiod when Pl was not

presented to the subject. In this case latency variance, relative to
P2, increased by 33 msec2.’ This was simply a checkJ to Fonfirm
that i¥ the subjects were u;ing the initiation response in the presence
of auditory Pl,  the addition of a random delay between that response

: TN

Snd Pi would have had a detectabie effect on their performance.

E]

Hopkin;¥ results tell us three th?ngs. First they tell us that
subjects can indeed do what they’re instructed to do in the auditory.J
‘case, i.e. start timing the P1-P2 interval from Rl. éecond, they tell
us that the subjects don’t have to do this. They cah perform just as
well if they 'base their time estiﬁates on the tactile stimulation

obtained from their tria!linitiation response, Finally, if afferent

latencies assaciated with, auditory and tactile stimuli are variable,

. -
/48 . ) .
sr— - .
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the variances in both modatities must be the same. Otherwise the
synchronization latency variances in these conditions would have

hY

differed. 4

Hopkins proceeded to compare visual and auditory performance in
the task, usihg some new and some auditorily experienced subjects with
yisually presented P1 and P2 stimuli. Performance was somewhat more <

-~ )
variable with the uisuaf stimuli, compared to performance with auditory
stimuli at the same stage of practice, through much of acquisition, but
eventually the variances settled down to a level somewhat comparable to
the auditory levels., In this case, Aoweuer, insertion of a random
delay between initigtiop response and the visual Pl introduced variance
into the subjects’ response latencies, as measured from P1. Further,
performance with visual Pl present was the same as peﬁ+ormance wi th
ui;ual P1 absent, whether or not the foreperiod was random. Thfs
indicates that the subjects were relying on tactile feedback from their
initiation responses in both cases, i.e. that they had learned to |
ignore visuyal Pl.

Ignoring visual Pl is a suboptimal strategy when the foreperiod
fs variable, unless.the Uaria;hehéssociated with processing the visual
stimu]ug (Quch as af{efent latency variance) is greater than that
associated with tactile stimuli. If visual afferent latencies are more
variable than tactile lstencies by more than 33 msec2, the internal
time ogmuisua] P1 is less reliable as a predictor of the time of P2

than is the internal time associated with the iniﬁfation-response, even

if the delay between that response and P2 is expérimental]y subjected-
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T to jitter of up to 20 msec. Hopkins argued that visual afferent

1
—_

I~

-~

latencies are variable, and are more variable than éactile and auditory
latencies by at least 33 mseca.j
. - _ _ -~
_Hopkins also studied the effect of removing P2 on performance.’
For short P1-P2 intervals, the only difference between synchronization
and many reaction time paradigms is the presence of the marker, P2,
. o

signalling when, exactly, the subject is to respond. There is another

feedback ‘stimulus, presented after the response, indicating whether the

C"“*?espcnse was early or late relative to P2, and by how much. §hr\‘

" temporal asynchrony between P2 and the response serves as immediate

feedback about the accuracy of the synchronization response. The later

feedback serves as delayed feedback. Comparable delayed feedback has

been used in simple reaction time experiments (experimentg withﬁut a
P2),‘in which the subject is instructed to respond within a certain
small range of times after the stimulus (eg. Saslow, 1974; Snodgrass,
1949; Snodgrass, Luce and éalanter, T?d?). Response latency variances
in those tasks were much higher than those obtained from
synchronization, a point discussed at length by Kristb++gnspn (1974;
Hopkfng and Kristofferson, 1980; and Hopkins, 1982)., "The goal of this
modification ta the simple RT paradigm was variance minimization. The
obvious differeﬁcehbetween synchronizafiun a;H these modified RT tasks
is the presence o% immediate feedback (P2), so it appears that the
presence of P2 is \mportant for acquisition and maintenance of low

variance synchronization per+oﬁmance. Hopkins found that removal of P2

' : ™
had an effect (averaging 35 msec?2) on the subjects’ variability
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when P! and P2 were .auditory. Removal of P2 whph it was visual had no
effect on the.results from well practiced subjects, suggesting again
that they had learned to ignore the visual gtimufus markers, The
effects of removing both P! and P2 in the visual case depended on the

amount of the practice of the subject, suggesting that the subject had

used visuval markKers early in training but, again,-that they were not
-

used later on. A

.-

I should note that Hopkins reported that his subjects (himsel;
included) fully believed that they were relying on the visval stimulus
marKers Qhen they were present, even though all of the Qata indicate
that they were not. Thjs was not a mere strateqy problem that could

A
have been changed with bettep or repeated instructions. -

8y the end of the experimew}s;_uisual uaria{;;s were comparable
: N

to auditorf'uariances, but were‘still higher. Asympt;iic performance
of the one subject studied in both visual and audiforr stimuli, when
the foreperiod was constant, was 53 msec? in the visual case and 34

4 : . :
msec2 in the auditory case. The performance difference may have
been due to the ineffectiveness of visual P2 in the visuval condition.

. HopKins”’ qonclusion,'thit 5&bje;t5 learned to ignore visual P1
and P2, ﬁeems inescapable. His suggestion that ther did so,
unconsciously, because of increased atferent latency variance in the
visual system, is less certaiﬁ. There is evidence, as HopKins poﬁﬁted )
out, that visual Tatencies are variable. Hopkins cited a study byF\"’//

Zacks (1973), who studied the discriminability of temporal order of

‘light flashes. Two spatially separated f]ashff/gfre presented to the

\
\
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subject, who had to judge which started first. Usfng analyses derived
from Signal Detection'?heofy, Zacks estimated the variances in the task
as ranging from 5é to IS5t ms-ecz (or.182 msec® with less bright
stimuli?. As Zacks (1973) pointed out, these represent upper limits on
' a++erént latency‘uari{bilif?. Leuick (1973 estimated response latency
variances of r;tinal génglion cells at various intensities, usiné a
number of procedures (éee also Levick and Zacks, 1970). In this case,
Tatency variance estimates were substantially lower, ranging from 1 to
34 msec2. 1t is difficult to interpret cell variabilities,
however, because the final.result may be more or less variable than

that of component inputs. This point was made at length by Meijers and
Eijkman (1974), who.found variances on the.order of 400 msec? in '
the responses of pyramidal tract neurons whose output eventually iead
to motor responses. Variances of the respons;s themselves, measured
behaviorally (eg by Wing) or by examination o¥'the EMG (Heijersrand
Eijkman) are cioser to 20 msec2 despite the much larger variability
.associated with the companent inputs. So perhapé Zdacks’ (1973)
psychophysically based estimates are the ones we should reiy on.

There are_real problems associated with an afferent latency ‘}?

variance in the visual system of 54 to 151 msec2, though. Harking
back to the temﬁoral discrimination results of Allan et. al. ;i9?12 and
Allan ana Kristofferson (1974a), we find q estiﬁates for ui%ua&f’//
duration stimuli that are reliably as low as 22. These are based on
response prbbabilities, based on Judgmenfs of the durations of visyal

stimuli. Thus, the variance of the judged durations is about 81

J
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msec2, If variation in the afferent latencies perturbs perceived
onset with a variance of 54-to 151 msec?, the variance left to be.
accounted for by timing is remarkably low, ranging from 25 mseg?2 (g
= 12.2) to -70 msec2, which is an unlikely value for a ;ariance.‘
.Note that this ignores the afferent latency variance associated with
the offset of the stimulus, which would Eut our estimates of q even
further. From these data, then, afferent latency variance couldn’t be’
more than 30 and is probably mﬁch less.,

There is another way of intefpreting Zacks’ (1973) results,
Zacks made the argument that the stimuli were widely enough separated
that they could be considered, in effect, to be processed along
separate iﬁput'channels. That is, presentation of one has no impact on
processing of the other. Inthis case, temporal order judgments fit
within the standard framework of a quantal gatiﬁg/theory. )
Successiveness judgments have often been found to be.describable in
terms of a ;niform distribut}on (kristof*erson, 19467a; Schmidt and

Kristofferson, 1943, for example), representing a one-stage quantal

[}

dela; in processing. Suppose we interpret these variances along those

-

lines and estimate q (variance =fq2/12).‘ The three variances
reported by ;acks @ore'56'<q 2 25.9), 151 (q=43.3) and 182 (q=44.8),
ciose to 25 and 50 as is typical of quantal estimates. Zacks’
variances need not reflect afferent variability at all.

If there is a 25 to 50 msec2 af+eren; Tatency variance

associated with visual stimuli, this could explain the discrepancy

between auditory-and visual discrimination performance when q is found
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to be close to 12.3 in the auditory case and close to 25 in the visual
case, as the calculations of the .econd last paragraph show. However, -
they do not explain discrepahcies atl}onger interua}s, when we are .
dealing with larger values of q. At S?U-m;ec, for examp]e: q was
estimated at 40 msec when stimuli were auditory and at 105.£sec when
stimyli were visual., The variances associated with these values are
400 and 1838 msec? respectively. The difference of 1238 msec2
cannot be accounted for by a 30 msec2 afferent latency uariance.

In éum, there ig evidence for a difference in tempéra1
discriminability as.a function of stimulus modality, but this may
instead be due to a difference in practice levels of the subjects. It
is not due to a small difference in afferent latency variance. There
is evidence for some difference in estimation 3f intervals as a
function of marKer modality, though it may disappear with practice.
There is some evidence of afferent laténcy variance in the wvisual
system. Afferent variability appears less liKely in the auditory and
tactile systems, There is clear evidence that.experienced subjects
-don”t use visual synchronization stimuli under Hopkins’ conditions, and
there is anlargument that this is because of higher variance in the
visual system than in the auditery system. Therﬁﬁare no long term
comparisons of auditory and visval discriminatienor synchronization
performance. I don’t count HopKins’ data as a long term comparison
because, as he so carefully demonstratéa:mfhe subjects didn’t use the

visual stimuli, so his data don’t tell us what would have happened if

N .
\v%hey had used the stimuli. ~There are grounds for concluding that



61 b

timing of visual and auditory stimuli differ, but this conclusion is
not inescapable, . . -

I find Hopkins’ arquments difficult to fully credit more
because of my extended experiences with synch}onization as a subject in
‘Brewsters” resear;h and in pilot studies leading to the preéent
researcn than because of my .theoretical predilections. There.are
differences between auditory and visual stimulus conditions which are
not captured by dry descriptions of experimenfal procedures., Here are
some of my introspections. Many of these have also been volunteered by
subjects in the present experiments. They are not strictly

‘ -

idiosyncratic.

The aud}tnrr stimulus is a 48 dB {0 mééc tone, delivered over
" headphbnes. It is quite salient. Siﬁce it is delivered over
headphones, thgh}htensity does not change with the posture of the
subject. Subjects were free to vary -their posture in these
experiments, <(Uncomfortable subjects probably wouldn’t produce such
low variances). The résult of this is that a subject can change the
position of his head by over a meter relative to the position of the
stimulus light used -for delayed feedback or'3s Pl and P2. Scmetimes
the subject is hunched over the desk on which ihe response pad (holding
the button and thé brass plates rests, Sometimes the ?ubject leans
- back with his feet up, pad on his lap or on a di%ferent desk. The
‘distance of.the uisuél stimulus varies over at !eﬁi& a twofold range,

. -, .
i.e, the \Eignsity varies by a factor of four or more, and it can‘vary

from trial to-trial. Latency is definitely a function af intensity, as

~
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is routinely found in reaction time and other studies (see Grice, 1968;
Kohfeld, 1971; Kohfeld, Santee and Wallace, 1981; Levick, 1973;
Teichner, 1?54, and their many references). Free movement of the.

" subject in the uisﬁal case introduces afferent latency variability that
has nothing to do with latency variance for identical stimuli. (It is
temp{ing to argue that subjects-in the visual case should be forced to
use bit;‘bars, but I not eniy doubt that many sﬁbjects would be willing
to participate in the experiments -over long periqu of time in this
case bhut I also think the discomfort involved, especially toward the
end of a session, would induce more variance than would be saved by the
contEoI. My.experience with bite Qars dates from employment as a
research assistant in Hiroshi Ono’s laboratory at York University, who
used them routinely for visual research.)

- The visual stimu]ué used by Hé;kins was a 5.08mm light
emittiﬁg diode which produced a 3.2 mcd stimulus when driven at 20 mA.
Rise time for led’s is very short, so this intensity was attained even
for the very short 10 msec duration of P! and P2. HopKins (aﬁd
BrewSter, (1983), who used a similar light) called this stimulus
"salient®. It was salient in the sense that if you were iooking at jt
and it came on, it was clearly on. But if you weren‘t lééking directly.
at it, you could miss it: In pilot work with the 1light, 1 found
blinking a probiem. 1t wasn’t a big problem because 1 didn‘t blink at
Jjust the wrong éime very often. But retative to a variance of 33
msecz, almost any problem can be a big problem. As an auditory

subjecé, to aidﬁtoncentration, I often stared off into space, totally

/
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ignoring the delayed feedback light that Brewster (and Hopkins and I)
used to indicate whether the response was éarly or late. Dtherrtimes,-
1 would ciose my eyes, or stare at my finger as [ responded. Again,
this reduced the value of7delayed feedback, but that didn‘t seem to
matter, a point made by some of the preséﬁ% studies’ subjects (who did
the same things). Hopkins (1982) demonstrated that delayed feedback
indeed did not matter once subjects weré experienced. In the auditory
case, we could ;§{ord to ignore thé visual stimulus. Closing your eyes
may be conducjve to concentrafion on auditory stimuli but it is not the
best of tactics when Pi and P2 are visual. Thus, many of the things
t;at,l could do, and often did do as-an auditory subject, 1 could not
do as a visyal subject. 1 missed them in pilot work.

Even when ] was looking at the light, I would Hot say that it

was ags salient a stimulus as the tactile feedback from pressing the

PESDODSE}bpttOH on HopKins’ (and my) pad toc start a trial. Pressing

—_

that button was a voluntary behavior and | expected to feel it. The
audi tory stimulys was, to me, more salient than the visual one. 1
would }ate the tactile feedback as more salieﬁ{RETilI, but only
slightly; and others ﬁight disagree in either direction in the auditory
vs. tactile case.
%

Hopkins reported that the subjects in his ex%friment (including
himself, in visual and auditory conditions) felt that Pl came
imnmediately after the trial initiation responée, wi th no‘ﬁeUé;, and,

-
when the delay was variable, they did not notice it. He knew the delay

was variable, and he reports that he still didn’t notice it. In such a
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' case, I doub at that variability was behaviorally effective. My
suspicion is that in HopKins’ visual task, the clearly more salient
stimulus, i.e. the tactile {eedbfck,‘is the one that controqled the -
subject’s behavior.. The stimulus was so closely connected with P!
that, accor&iqg to Hopkins, the subjects felt thef were using visual Pl
even though they weren”t. The distinction between the stimuli appears
to have been insufficient for the subjects to notice that they were not
using P1, but were instead using the more salient stimulus, and to

__mmeBTect this, |

Separation of the trial initiation response by a longer and
more variable foreperiod wog]d probably go a long way toward aiding the
subject in separating them ;:EJectively, making it easier for him to
use the visual stimulus. A brighter and/or larger stimulus would

probably soive some of the salience problems. Unfortunately, it still

~ wouldn’t solve all of them unless the stimulus was unreasonably bright

or large. (By_unreasonably 1 mean that s%?e of the stimuli ] tried in )
pilat studies gave me prolonged headaches. Other stimuli, which I did
not try, would have been excessively expensive.) The subject still has
to be looKing at the stimulus, which rules out staring blankly, staring
at one’s fing}r, closing one’s eyes, and blinking, Even with the
stimulus that I eventually séttled on, I would expect acquisition of

log Uﬁriance levels to take longer than it takes in the auditory case,
because the auditory stimulus, to me, seems more sa]ixnt. This

expectation is stronger for HopKins” stimulus Yight,

- o Summing up this section, the issue of timing dependence on

. R



subjects they are not, Nor ar! they for fairly well practiced

45 C (/J(:

modality seems unclear, at least for practiced subjects. Asymptotic \

——

per+oﬁmance levels might or might not be equivalent. For unpracticed /
! ~—

suybjects. The difference in e&ponents, in time estimation studies,

and, to a lesser degree the difference in perceived duration of lights

and tones in various studies, nearly all obtained from relatively

unpracticed subjects, suggests that there might be a difference in

processing mechanisms that goes beyond a difference in variability,

Afferent latency variance in the visual system accounts, to my mind,

A

for neither e+4ect, and I am not conuinch that the evidence for

.afferent ltatency variance in this/syst is conclusive, Finally, the

evidence for afferent late synchfonization is, I would

-~
argue, wholly inconclusive. Asymptotic performande levels might not

differ at all and even if they did this might reflect differences
in task difficulty and latency variance due to variance of the

intensity of the visual stimulus, caused by postural changes by the

subjects.

1.3 Boundapy Conditions

The four approaches to internal clocks discussed above make
clearly different predictions}about the variability associated with
tiﬁlsg. Yet if we ask whether the variance or the standard deviation
increases‘iinear]y with duration ar.if, inste;d, the increase is

stepwise or nonexistent, the answer we get back is "yes". Competently

Y

run experiments have provided evidence. foar all of these relationéhips,

-
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It appears that people can use a variety of different mechanisms for

timing, in which case w?rshould bqutudying the circumstances under
,J -

which each issused, not trying todecide which one is the mechanim. it S

+

There is aStheoFetica] risk associated with an eclectic viewpoint:

new mechanism can be invoked to account for thesresults of each new Y
- ;

experiment. One way around that is to focus on a single mechanism thaJ _

seems well established and to determine how much behavior can be

‘explained in terms of it. .]deally, systematic examination of a number

of differént models would ltead to acceptance of danain; of
applicability of each, ptobably with some iﬁ;istinct boundaries
separatiné different domains. ;istematic work along these lines has®
been done for the quantal theory, and the intent of the present
research is to explore what appear to he fuzzy edges along the
deterministic quantal timer’s bou6daries. In this section 1 will
briefly recap the description of the quantal applicability domain,
'

leading to a stffement of the present thesis in terms of it, -

- Uariab{lﬁty in tiﬁing is subJect_ig an irreducible minimum, the
time quantum, which is t?y period of an internal gating process.
Processing of information passes through stages. The periodic
process{es) determines when the information may be passed to the next =
stage of processing.  001ays at each stage are uniformly distrtbuted,
ranging from 0 to q msec, and are effectively independent. Waiting
time until precessing is cnmplete‘can thus be represented as the sum of
a series of identically distributed uniform variates. In some tasks, ,

-~

such as successiveness discrimination, only one quantal delay may be
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involved. lnfmany tasKs involving timing, two stages are inﬁolved, and
in these “timing oar}ability is triapgularly distributed.

Quantal “dedays are assumed to be involved in a!l'tasks but the
refative contribution that they make to the variability of judgments or
behavior may sometimes be neg}igibie. Quantal delays are relatively
short, so their variance is re]gtiuely small, Variance from other
sources can mask the contribution of these delays. For example, if the
standard deviation of an internal timer increases proportionally with
timed duration, the quan€§1\Fontribution might only sho@fab as a
positive intercept in the fuhgtion relating discriminability (whose
variance sources include the timer plus delays intp and out of the

timer) to duration. Evidence.for quantal delays, then, and data

sui table for estimatioi/pf/;hg r magnitude; should onfiy be expected to

. -
be obtainable under highly restricted sitvations, in which all other

sources of variability are brought under control. In the optimal case,
the on?Y—gentral soirce of variability wilf be the pgriodic';ating
process, This can be achieved in a timing task opfr i+ the subject
uses a fully determinist{g timer. It is remarKable that people are
capable o+'using such a tihﬁr at all, and we shoqu not expect that
sqch a mechani;g will ‘be usable Qnder all circumstances. 1t appears,
from the data Qt‘hand, that at least five variables limit the range of
circumstances under/;EEkh 2 deterministic timer can be employed
consistently by'the‘subJEET] to thmlexclusisn of other mechanisms, ’
these being the range over which the turreqt ;timulus can vary, the
degree of experience that the subject has had with the specific stimuli’

< .

-
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invoclved in the ta%K. the type of taski/the puration‘oi the stimuli,
and, perhaps, the stimulus mocgality. . ~
érom Kristofferson’s (1980,'1983),giscrimination results';t
ahpears that deterministic timing includes a quantal ‘countér, i.e. one
" which increm&nts once per gating period. In auditory tasks: this
appears to be ayfour bit counter, i.e. it runs to 16 at most, 1+¥
interualé !ongeg than 14 . quanta are to be counted, the quantal
interu§ls must be cﬁncatenated, so that the count aduanc;s once per n
i . qﬂanta, where n is a nonnegative integral power of 2. These larger
ualugs themselves serve as quantal units. A counting strategy will
fail in any task in which the same quantal unit cannot he used for all
of the stimuli-thét might be presented on a gjuen trial, Subjects

might use the q value necessary to time the longes} interval to time

ail intervals, but at some stage, such as worKing with a q of 200 msgc

- v
! when stimuli 13sting 20 msec are possible, this is not -an optimal .

timing strategy™and it will brnbab!y be discarded. Quanta) counting

should not be eipected in typical scaling tasks, such as magnifﬂae 3

estimation, magnrtude production, and so forth (descr[bed [n Stevens, “\\’L ;
1976), nor should it arise in discrimination.experiments involving 2
roving st;ndards, i.e. gas;s in which pairs of similap stimﬁli are tod

be evaluated during each trial but pairs may d{+fer widely acroséff

. S
trials, 1In ;Fch/éases.the first stimyl@s of a pair could not be timed }f‘\

_—accurately, so tﬁ%?é-would be no basis for comparison with the second. 1S
A a * N 3 . o Y
’ The 4 bit‘quaqia counter describes auditorx:discriminatjon—¢ .
- (‘J'" R . . ) ;
. ) probaﬁilities and‘fa{én iﬂf extraordindrily well, but uisu}'{f .
o v o t , . K
. . , . .H - ' -~ l"
/i} -‘. / g 4 + - 5
Yoe 4 . ' /A - lﬁ R

)

N
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discrimination data and auditory synchronization latency data both

In the visual case, q also appears
P .

-

to ﬁnCreasé in steps, but values of q are larger at many durations than

they are when stimuli. are auditory. 1f stepped increases are due to a

maximum possible count, the visuval maximum must be lower. On the other

side, HopKins’ results indicate that a q as small as 12.5 can be used

when auditory synchronization intervals are 440 msec long. Even if we

subtract 150 msec from the.400 to take afferent and efferent delays
into accodnt, central-timing would involve 310 msec, or a count of 24,

Practice may not makg timing perfect but it helps, and it
coﬁt{nues to help ali the way out to 100,000 synchronizations at the
same interval and, apparently, beyond (Hopkins, 1982). Different
amounts Sf practice seem necessary for different stimuli, at least in-
discrimination. Kristofferson (1980, 1993) found that little practice
was needed for'asymptotic performance io be reached at the low end of a
quantal step but that much longtr practice was needed for durations at
the high end of the step, i.e. for durations which required a large

count of tﬂ: smallest usable (count ¢ 14) quantum level. Early in

%ractice, performance conformed to Weber’s Law (see also Hetty,. 1979,
Tabe :

Onlyraftér thousands ofAtrials\Qii:Tiideli at the high end of their
respective steps did performance fully conform to a quantal counting

N
odel, Also eg;ﬂ(ﬁt in thosg data, but not in the synchronlzat1on data

of Krlstoffersun ¢1974) and Hopklns (1982; HopKins and Krlstof+erson,

-:_\_“h_ﬂ/ -~
19800, is the need for extended training at the specific interval under

‘study. There is relatively tittle trangéer of training in

N i ‘, 5% 3 !
. / " ‘) /’ * : -’ 0

. J \ . o
. o . NS ! Y ™ . ( S . -
. R ' : € B : !
o '
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discrim}nation across durations,

In at least one task in which subjects have been }rained for
Jong periods at thg same inter;al, timing never appears to be quantal.
Th}s is thg repetitive tapping task, in which the subject is to
tap—-tap-tap-etc. with a fixed inter-tap interval. Wing ¢(1973)
dﬁmonstrated that the'vacigfili}y of well pfacticed subjects in this

&
task increages wi;h duration and provided one well cited model (Wing

and Kristofferson, 1973a) to account for this. Uorberg(and Hambuch

' (1974) showed that different models describe performance as the

interval is increased over a fairly modest range. There are

caﬁplexities in this behavior which are most “surprising given its .

subjective simp]icity. Kristofferson (i981) has interpreted the task

as involving "pure motor tim}ng'; Many tasks are executed under the
)/ e

control of motor prggrams whith: once started, continue without thé#
need of peripheral {to central feedback (Schmidt, 1982). Perhaps this
is one of them, in which case no opportuni}g for deterministic central

timing would arise. .
v

Regarding stimulus duration, internal’ clock theories have

typigally been restricted to short intervals. Poppel (1971), a quantal

—_— -

aduogﬁf&, indicatesvgﬁht he eipﬁifs the gquantal mechanism to break down
- TN '
for in}éruals longer than 10 seconds. Kristofferson has proposed no

specific upper lilmit but in discussions, we have had, he has made it

- P
. .Y K
'glear that he expects some upper 1imit. Relevant research in his lab
. ' _— -,
has generally restricted to about 2000 msec and less, Fraijisse

(1963) has arqued that judgments of intervals longer than 2 seconds,

-~
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must invcive higher order cognitive procésses. 1t is interesting that
Getty (1975) found Weber’s Law inapplicable fo;\ﬁﬁrations longer than 2
seconds, and thié ip fac{ replicates much older work (reviewed by
Fraisse). Most res;arch involving cognitive processes and tjmg has
involved relatively long stimuli, with the notable exception of Thomas’
studies. Thomas (eg. Thomas and Brown, 1974) used stimuli on the prder
of 100 msec and has repeatedly found e:T;ence of cognitiuevfsgﬁgnisms
in conjunction with an internal timer. Thomas”’ case, which 1 used to
find convincing, has been weakened by the argument of Long and Beaton
£1980a, 1980b, 1981) that such effects may be due to uisugl
persistence. Bigger, brighter, more complex stimuli last longer on the
retina than.smaller, duller, simpler ones. There may well be
higher~-ordes determinants of this low:T;uel ph;e4€togical process, but
if there are, this is an altogether ditferent role for ‘cognitive‘
ugriables in duration perception.

There is some indication of a second transf{jon point in
timingy—ia- the 500 to 700 msec region. Michon (1947) reviewed and
prfsented evidence along a number of/TTnes bq} ié is not clea;.that
those data have any relevance to'welf-prac{iced'behauior in tasks in
which we would expect to find,doteLministic timing. <(Though some
worKers in the field, such as Carbotte (1973) believe that they,should
be relevant.) There is no hint in dis;rimination results of a change

rd
in mechanism, just 3 change in g, with increasing;d'” 76n .\ However,

g

=
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performance from 350 to 2190 msec in the task despite extensive

practice at 940 msec.

Finally, we come to modality. Some modality restrictions
shoyld be obviaous: subjective duration of tastes or odors would
probably be too variable to be of interest. Alternatiﬁely, there

appears to be no difference between practiced timing of auditory and

ta

Je stimuli (HopKins and Kristofferson, 1980), and very little
differepce in relatively unpracticed estimation across the modalities

(Lhamon et, a
oy
vs. visual timing. \fFor more, see Allan’s 1979 review.) If Hopkins’

y 1962), There is a mass of confusing data for auditory

(1982) conjecture that visual afferent latencies are variable is
correct, and if Kristofferson’s (1974) conjecture that continuously
zdéusﬂhble deterministic delays are established via recycling through
the affer;nt systems is also corr;ct, then we might expect visual
synchronization pquprmance to show increasing uariabil{ty wi th
duration, as the length of time over which the stimulus is recycied
increases. Riternatively, if minimum length delays are‘used, i.e.’ﬁz\‘“‘
stimuli are only held in the system until the learned remainder of *
their duration israﬁ even multiple of g, we should expect to {igd 2
periodic ifcrease of variance with duration, reaching a maximum when
the stimulus is infinitesmally shorter than an iné;gral muttiple of q.

| - Y

- "-,
1.4 Statehent of, the Thesis | Vd

My goal in the present research F§~to.dquns;:§19 that the same

ilable and i used by experienced subjects in a
™ s .
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synchronization task whether the stimuli are long (to 2100 msec) or

short (to lSU.QFec) and whether the stimuli are auditory or visual.
. +

I expected to find that syhchronization with long auditory
- )
TTYimuli yields performance comparable t? that obtained wi€® short

.

Y
stimuli either ingall respects or in all respects except absolute level

of variance once extended practice acfoss 2 range of long stimuli has

A

been completed. I made no predicffﬁns about initial performance with
long auditory stimuli, except that latgr performance would be much
better. I expected asymptotic performance to yield constant variance
or stepped incr}ase in uariaﬁcq witq'increasing stimulus duration
across a range of long duration stimuli.

1 expected to f{nd that ;isual anhd auditory performance are
comp‘rable in distribﬁtional shape, in showing similar practice
effects,, in showing continuous adjustability, and in the constancy of
variance across stimulus ranges or subranges, without any obwvious
periodic relationship between duration ﬁnd variance in either modality,
I hoped, but did not expect, to find that visual and auditory variance

levels would be the same. I very much hoped, but did not expect, that

visual stimuli would yield asymptotic performance levels as quickly

\‘
i

1.5 Overview of the Research . \,
F}oé closely interﬁzlated experiments were‘conducted using
 very long term subjects, ! . . | *‘ijﬁ
The *iPS€\Q{E::iE£2i studied auditory synchronization in the -
. . ‘ ) ‘
o - ‘w +" .

’/\

-3



(//’“

s

S -
%
74
1400 - 2100 msec range. A e .
. . ~ \
. £ h
The second experiment examined auditory synchronization T

per+ormancg_in the 150 - 350 msec range, to allow comharisoﬁs with

-
longer ipterval auditory data and with visual synchronization

- performance., - ~.

Experiment 3 was intimately connected with Experiment 2 in

execution but had a stronger conceptual 1ink with Experiment lt In -

this expériment (3), I reduced the P1-P2 interval 64 suBJects who had

been worKing with 150 to 200 msec intervals to below 100 msec. It

should be impossiblé for subjects to use Pl effectively as a response

trigger because absolute minimum reaction time i's estimated at 100 to

105 msec in the literature (see, eq., Kohfeld’s, 1971 review, and some

further discussion'below, inféhapter 4.) Accordingly, they should be\ !

timing from‘fhe wa?nihg sti?Jlus or the triai'initiatio? response.

Given a long\foreperiod (cubse to ; secong here), thigkis a covert long

audi tory SYﬂChPOhIZitJOh andltlon, and it allows wsthrn subject

comparison of long and short audltory synchron!zatlon performance, /
| which was otherwise highly impractical.

-

Experiments 4 and 5 involved visual synchronization in the 275
- 500 msec region, Experiment 4 used new subjects. Experiment 5 used

the one su jeci-{rom Experlments 2 an? 3 who was wiT¥§ng and able to

particdpate further in tﬁ:/:;sea hopi%ﬁ‘ly allowing within- subJect

E:hparison of audi r§/ind visual performance. . . & ‘ (K
LY .
. . - ‘\
4
Tﬂe edure is discussed in detail in the next chapter.

\
‘\gffﬂﬂﬁlls‘iﬁ9 e to Hopkins’, but with a few Key revisigns. The visual | '

<4
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stimulus was'larger and brighter than Hopkins-. lThe foreperiod was
tonger and more variable, hopefully makKing it easier for the subject
(and for the experlmenter) to distinguish timing from the Uarnnng
Stlmulus (WS> from timing from Pi. The larger variance and a geamet}ic,
distribytion of foreperiods rather than a uniform distriputibnyue’FE~

used to minimize- the effectiveness of reliance on WS {or, equivalently,

-on the trial initiation response) instead of P1. Finally, Hopkins

studied per+6fmance at very few intervals, relying on very extensive
practice at a given interval to produce asymptotic performance at that
interval, Kris:offerson (1976) showed that appdrently asymptotic
per§ormance at a given lntérval could be substantially improved upon i;
the subJect was trained at other intervals and then returned to t;g )
original one. Suspecting that this would be a more efficient means of
: .

achieving miniﬁ;l variance levels, and because I was ‘interested in
ﬁer{ormance across a range of durations in each Exﬁerimen£, 1 used
Kristofferson’s "scanning® technique (practice across a range with
e#tensiue training only at a few points) ratherbthan stddying

\

performance at only one intervel per condition.

¢

(

e

o~
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2. Methodological Details

2.1 The Session in Brief
The sequence of events in a trial was: trial fnitiation
response, warning stimulus, foreperiod, Pl, silent period, P2, silent

period, feedback, intertrial interval. The subject was to respond in/

synchrony with P2, which was time-locked to Pl. There were 100 trials

' S

I
TN .
“in'a block, with four blocks per session. Subjects were advised that

the first block of each session was a ‘wth-up' block and that only the

data from the last three blocks would be analyzed., Discussions of all

<;

analyses below refer only to the last 300 trials of each session.

By 'P{iPE' interval I mean the interval from Pl onset to.P2
anset, which was constant for all trials in a session. .The
'synchroniza{ion interval® wa;.u;ually the P1-P2 interval, and 1 often
use them interchangeably. 1n some cases I ex;li;itly distinguish
be tween them below: the synchronization interval is the interval

betwéen the stimulus from which the subject times (usually P1} and PZ2.

2.2 gomputer Control
Stimulus presentation, response collection and all timing was
controlled by a cumpg?er, originally a PDP-8/e minigomputer and, for
L -~

the majority of the ;essions, an Apple 11 microcombuter. The PDP-8-was -
. L) M

om0

-~ >retiredafter a series of equipment failures, inc]uding an intermittent

timing problem. There was a 5ix week delay between shutdown of *he

- ¥ h
i PDOP-B and completion of testi ¥ the Apple pnnngnhigd_a variety of

h/\,,\ \ . 24 \
. \ o |
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new peripheral devices introduced with it. Some aspects of the

proﬁedure wére modified at this time, with, so far as 1 can tell, no
effect on the subjects’ performance. These changes are n;}ed be i ow,
The PDP-8 was programmed in a version of Focal,”?;hanced mainly
by Reese, Michaels and Hopkins to allow real-time control. Durations
were spéci+ted in msec in this lan;;age and the interval from the trial
initiation response to the end of the interval preceding feedback had
. to be restricted to 4096 msec to avoid timing variability. Timing of
critical events within a trial was accurate to within a miliisecond,
typically to within narrower 1imits. The main Apple program was
written in 6502 Assembler. Input of session parameters at the star; of
the session and data ana];sis and output at the end were done in Basic,
which was co-resident with the Assembler pr&gram. Ourations were
specified in units of 200 microseconds, with typical timing accuracy to
within 200 microseconds and a maximum possiblrierror‘irom trial
initiation to the end of the interua? before feedback of 60d.
microseconds. I spent about 8 months designing and testingjthis sysgem
and, since it was brought on )ine, no "bugs* have shown up and no
modifications to the assembler program have been made. Session
pdrémeters, such as device addres;es and output vaoltage levels, were
spgcified in a separat§ data file on disk, read at the start of each
session. | made a few blunder§ in describing the stimuli to the
computer, delivering a 1000 Hz auditory stimulu{\}o the suﬁject at

about 40 dB rather than a 2000-rHj at 48 dB fouﬁg few sessions. These

were caught and fixed early on. Maximum trial duration in this

-



. Schematics for the original

78

—

\

program, when timing is done in 200 microsecond units, is just over 13

seconds, rather than 4 seconds as on the PDP-8. This eliminated the
-

‘ - . - - ’ . *
need for some otherwise arbitrary restrictions op some intervals,

~~

2.3 The ResponSF'Pad '

Responses were made on ; response pad, basically an armrest
with almetal button near the ;ront end and a metal plate toward the
midd]e:: The‘subject rested the heel of her hand on the metal ﬁ!}te
throughout the §ession. To start a trial, she rested her finger on the
button, completing a very weak electrical circuit from the plate to the
button. Circuitry in the pad amplified this signal and sent it to the

computer. The subject Kept her finger on the button until she was

'ready to make her synchronization response, which she did by moving hep

-

finger away from the butt n, usually upwards, breaking the circuit,

ad were given by Hon (1982). The

placed with a similar one on which thé

?rigina] pad wore out and was
metal was copper rather than brass. Some minor details of the
circuitry were changed with the changeover to the Apple and, Tater, to
imprd?e the pad’s signal to n?ise ratio,

There is no travel time on the response éuﬁ)on Znd o;ly a
minimal degree of pressure on the button was required to maintain the
electrical connection. . )

. ﬁuf/) T
2.4 uaEniné Stimulus and Foreperiod

Hopkins’ (1982) finding that subjects started timinb at the

s@ of the\trial, rather than ham P“I, whengP1 was visual, is

bl ~ x_
"}

a—"
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reminiscent of the commen problem in reaction time (RT)'prerimen}s

that. subjects time from the warning stimulus rather than reacting to

the reaction stimulus (equivalent to P1). 1In fact, wﬁ\]e some timing
L , S

work has been done with synchronization-like paradigms (eg. Bartlett

¥

and Bartlet¥, 1959), most of the development of this procedure was done 12

in an effort to bring this problem for RT measurement under contrz} by
'

i

indicating to the subject when she should respond in reaction time

tasks (Naatanen, Mubanen and Merisalo, 1974; Saslow, 1974; Snodgrass,

7r’$?69; ansgrass, Luce and Galanter, 1947; and see the reviews in

A}
Kristofferson, 1974; HopKins and Kristoffergon, 1980). When the P1-P2

interval is very short, the subject must respond immediately to achieve °

Do . &* : . . .
coincidence with P2, so synchronization is a reaction time task.

i

Kristo{fersppr(i926) showed that delayed reactions, i.e.

‘synchroniz ns up to 400 msec past reaction time to P1 Cabout 150

msec) , lddﬁ)g the Ysame in var e and distributional shape as 7~

synchronization respon7es when the P1-P2 interval was at the reaction

time limit.
_ Kristofferson (1974) and’ Brewster (i983) initiated a t::ll with
a warning stimulus, a low freque&tyj/ﬁ;isy, 48 dB (A—we;ghtedﬁ *honk*,
delivered to the subject over external speaker (rather than
hgadphones),j;hich 1asied for 160 msec. Pl was presented 1000 msec

later. Michaels (1977) also used a 1000 msec foreperiod but the

subject’s Eiiﬁl initiation response replaced the honk as the signal

that the trial had bequn. 1 prefer self-pacing (not done by

Kristofferson or Brewsteria;Bb¢-with a long foreperiod it helps to have
v ~a % X , ” .
afstimutus that signals that the cc:auter has ipdeed picked up the

N
P oy

N\
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nitiation resp-a{nse and that the trial has now started. This may be’

one of. the reasons that Michaels” neéultshwergAso much more variable
than the others, though his procedure differed from the others iﬁ‘manQ
ather fespects too. Hopkins_used an extremely short foreperiod (91
msec when ithas constant) agd @as the first.to yse a variable
foreperiod to determine fro@ which stimulus the subjeét started timing,
In his case,'subjects didﬁ’t even noticé‘the foreperiod, and they:psgq
their trial initiation response, rather than P!, when P! was visyal.

|
Wanting the subjects to time from P1, I used a long foreperiod to

-
separate Pl and trial initiation. 1 also increased its.uariabh]ity, to N

90 m?ecz, partially to maKe it eas{er for me to tell which stimulus
controlied behavior and partiaily to make pre-4oreperiod events less
reliable for the subjects as predictors of the time of P and P2. As
did Kristofferson and Brewster, 1 preceded the foréperiod with the
*honk® warning stimulys. o ’ '

HopKins’ foreperiods were uniformly distributed; over a 20 msec
ranée. In the reaction time literature, uniformly distributed

r

+oreberiod5 are quite common; and the typical find{ng is that reaction

" time 'is negatively correlated with fareperiod duration (Klemmer; 1954,

19575 0lIlman and Billington, 1972; Naatanen, 1970; Niemi and Naatanen,

- .

1981>. The intenbion behind adOptﬁon of random foreperiods in these

settings is to make the time of the reaction stimulus 5uf§iciently

unpredictable that the subject will give up on a strategy of timing

from the warning stimulus. Uniformdy variable foreperiods don’t

; ~
achieve th;s goal, partially because their hazard functions are not
constant, The hazard function is a éonditional probability function:
- * ‘
N . - L] -

i
aﬁ<§gﬁ //f' '

fe

\

[
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LD )
given that the stimulus haé\ﬂﬁigyet been presented, how likely is it
that it will come in the next few msecs? For uniformiy distributed
foreperiods, which by‘ﬁié%ﬁ?tion can only last so long, 'this

. . — -,
canditional probability increases as the forepericd drags oh, and this
"

.seJms to provide u ﬁﬁir information to the subject. Geometrically

4

distributed foreperiods have cﬁnstant hazard functions. Know ng that

the stimg}us has

[
about whkn it will

t vet happened gives you no further informftion

appen. Very few reaction time studies have used.

geomet?ﬁc, or approximat géometric, foreperiods, but those that have

™ -

have foundwsmaller correlations between response ]atency and forJﬁgr:od

b

duratlon (reviewed by Niemi and Naatanen, 19& b.ll_th long and

Uarlable foreperuods I was worried about this, and adopted.a geometric

‘ ra§h:ﬁ?than a uniform foneperlod distribution. '

i On the PDP-8, foreperiods ran from 890 to 990 msec, with a

.méan of 200 méec, rather than 1000 msec, t oreperiod length o§’

Brewster, Hithaels and Kristoffhrson d kept the |nterual shorter, and

restricted |t5\range, because of’ the 4094 msec trial duration limit on

the PDP-8, Those extra mllllsecopds ware needed {n- the long

synchronization'interual workK to allow the subject plenty‘gf time to
. ‘ N ‘ " :
make a late response. Fhis mean was inconvenient for Experiment 3, .

v
<

howeﬁer, ;ﬁd on the Apple it was Eﬂ%hged.
In Ekperimeﬁt 3, I covertly forced subjects to time from the
warning stimulus (or from their initiation‘fesponse; to which it was

time-locked) by making the P1-P2 inta:gal impossibly shoft. Subjects’

¢

variances at <those leusls suggest that they were operétihg with a qiq{
—-f_'_“—"‘\_ *

about 50, which is operative in discrjmination.éxpériments‘ouer a 400

<
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to 800 msec range. With a foreperiod of 900 msec (on auerﬁge) and a
P1-P2 interval of 100 msec (or less), it subjects time from the warning
stimulus the actual synchronization interval is at least 1000 msec. It
is probably 1100 msec, the time‘between the onset of the honk and the
onset %f P2. Subtracting 150 msec as an upper estimate of the time
taken by afferent and efferent delays, we find that the subject is
ttming an interval between B30 and 95ﬁ msec in duration, barely into

the g=100 range,-which, in discrimination, is operative across base
durations from 800 to 1400 msec. The claim that subjects can use a q

of 50 for intervals longer than 800 msec could be more c;nuincingly

made with a longer foreperiod. On the Apple, the mean foreperiod was
1000 msec rather than 900 ag on the PDP-B, rielding net timed intervals .
of about 950 to 1050 msec r#ther than 850 to 950 msec. Thése are still
at the short end of the 800 - 1400 msec range but a larger change may 'fm}
have produced unwanted side effects. As far as 1 can tell, this 100

4

"msec shift had no effect on any of the data.

Both computers were involved in Experiment 3. Mean fo :Eg:iod

duration is graphed and tabled on a session by session basis be o, and

. AN

this indicates which computer each session. There was no specified

max imum foreperiod, duration on the Apple,\as%{?ere should not be for
. i a4 ."rt-
geometric variates. The variance was Kept comstant across computers at

90 msece,
L}
. . _ ‘ .
Finally, :}{jerent algorithms were used to generate the
N ]
geometric foreperiofts on the PDP-8 and on the Apple. The LabFocal -

random number generator does not pass standard tests of randomness. I

-
il

-used the generator to select (without replacement) members of a L
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preuiousl} generated list of candidate foreperiods, which appeared in
the list in proportion to their geoqetric probabilities. This yielded
a distribution which approximated the geometric well in terms of &
fr;quency {as tested by the Kolmogorov-Smirnov and Chi-Square tests)

but which suffered from a small serial dependence of one fcreperiod -

duration on those preceding it. The dependence was smalletr than would

have been oQ}ained from a more direct usar of the LabFocal generator,
o [ ]

and I don“t think it was noticeable, but it was statistically
- -

detectable.

The random number generator used on the Apple, for foreperiod
generation and for the simulations noted below was developed by John
Uokey and myself. This Wwas a traditional mixed linear congrdbntiéi

generator (Knuth, 1981), i.e, one which generates successive numbers,

. !
RIN], RIN+11, according to the algorithm,

RIN+1] = (A R{N] + B) modulo M,

where A, B and M are constants and M, if A and B are properly chosen,

3
'

is the period of thé generator. In our case, M, and the period, were
1 /-" ’
240 (just over a trilliony., The valdes ofsA (we developed three

—_

generators of this class) were selected from about 38,000, candidates

-
tested by the {glljperiod Spectral Test (Knuth, 1981), essentially a

search for nonrandom patterning of doublets, tﬁiplets; etc., in ﬁhe
output of the generator using a Fou?ier analysis ;cross ﬁhe entire
period. This is the most powerful test Known ¥6E random number
generators. Large values are good, with 0.10 being a *pass® and 1.0
. <

being a “pass with +l;jng colors" according to Knuth, Our lowest value

(examining doublets through sextuplets) was 2.37. Values of B, which
: A

r

- ~_/
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have no effect on the Spectral Test results but which do affect serial
correlstiuns, were chosen to minimize éu]]—period serial cerrelations,

~lags 1 through 20, and our worst correlation was less than 0.00000002,
The values of A for the two generaters that I relied upon most heavily
were 27182819621 and 8413453205. The respective values of B were 3 and -Q
?9991. In simulations, these were o+ten.used “in” combination (for
example, using the McLaren—Marsaglia Algorithm, commonly called

Algorithm M, again see Knuth) to break up some theoretically remaining

(it statistically indetectable) sequential dependencies. The third
generator was rarely used because it performed less well than the two

above on other tests for randomness that they passed. An extended
™~

. discussion of the testing of pseudorandom number generators is beyond
.——/‘_H

L the present scope. For an extended tutorial-level discussion of our
é\ approach and results see Kaner and Vokey (Note 1), and for a thorough

general treatment? see Knuth (1%81).
—~

2,5~ P! and P2 .
- ‘ . /
\ These stimuli were }Bentical in a sqssiop. They were either

RN .
visual or auditory and they lasted for 10 msec.

1 P1 was auditory, it was a 2000 Hz stimulus presented

¥

binaurally to the subject over headphones., UWhen on continuously, the

intensity of the signal coming from each*headphone 'swas 48 dB (re ,0002

P

“dynes/cm® . To avoid *clicks® at onset and offset of the stimulus,
4 .

“

the stimulus was gated at zero cro;Sings and was presented with a 2.5 Ve
4

msec rise and decay time. The stimulus was at peak intensity only for

the middle .5 msec of Pl and P2. Shaping of the wave envelope wag n

.
¥l

-
b



done during the first few weeks after the Apple was brought on line.

Light flashes were presented ougr a parr ot light emitting

. : i 7

diodes (l.e.d.”s: Hewlett-Packard #2785) glued together to make a
single larger stimulus and mounted in a rectanqular grey ﬁetai box.
' These 1.e.d.’s are rectangular, but a circu!ar stimulus, cubtending
about | degree visual anqgle, was desired. Only part of the l.e.d. pair
was made visible, through a circular aperture cut in the box, measuring
2 ¢cm ih diameter. With variation in the subJeet’s head position, the
actual wvisual angle subtended by the stimulus ranged from about .7 to
about 1.9 Begrees. The stimuli emiﬁted a yellowish green light ¢(SB3 nm
dominant wavelenth), at ? mcd, when driven at 6 mA. Background
lighting was dim buf in the photopic range. . - E

Subjectively, the stimulus was easity detected and was seen as
reasonably bright. The stimulus was much more salient than the smatl
1.e.d. used by Hopkins and it seemed better than various other stimuli

| . Ko | |

that | trl?d out in pilot uork;é&%ﬁwould rate it as less salient than

the auditory stimulus. "

Visually bouﬁded intervals were subjectively different from
auditorily bounded intervals due to visual persistence of thé visyal
markers. P1 and P2 were physically 10 msec but they lasted much longer
subjectively. (See Efron, 1970, Haber and Standing, 1970, and Long and
Beaton, 1980a, 1980b, 1981, for more on visual persisténca.) An
auditory P1-P2 interval of 150 msec was subjectively clearly divided
into three parts, P1, silence, P2. Analogousiy, the visual interval

3

should VTook like P!, darkness, P2, Instead, with a P1-P2 interval of

-

150 ﬁsec, the visual stimulus typically looked to me like -a single
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flash that varied in lntenéity over time. While | always saw three

events (P1, dark, P2) when P1-P2 was 250 msec or more, subject DK

reported that early in the experiment (but not later) she sometime§ Saw

only one flash even when the interval was as long as 300 msec., Under
these conditions, however, the 300 msec in{erva] still looKs shorter to
me than an auditofy 300 msec interval sounds. Thé relationship across
different synchronization intervals between the subjective durations of
the visual and auditery P1-P2 stimulus sequences appears nonlinear to
me. The qoal of Experiment 4, the main experiment in which visual
stimuli were used, was demonstratifn that the response distributions
associated with visual stimuli were the same across a 275 ~ 500 msec
synchronization interval range. This result was in fact obt;ined, with
variance levels comparable Yo those obtained with auditory stimuli in
the 130 to 350 mséc range. ~Know from Kristofferson (1924 ’yhat

N

auditory synchronization distributions are the same ff%m 1507% o0 550

msec, or at least from 300 to Sgsxagbc\iffpending on which subject’s

performance is examined). Given this constahgy across ranges for both

modalities, in the context of the present worK it seems not to matter
that there are real problems of cannensurébi}ity with the subjective
durations of the auditory and visual stimulij.

The degree of visual persistence is a function of iarious
characteristics of the stimulus. HopKins’ stimujus vyields less

persistence and so is usable across 2 wider range of durations, though

it is less salient,

2,4 Evehts Past P2 ..
v

Vi
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Fo]]owung—P2 there is a silent interval during which the

subject may respond if she has not already responded. The exact jength

"o0f this-interval varied on the PCP-B8, depending on the P1-P2 interval,

but it was never shotigp/fﬁ;;’;aﬂ msec, which is much longer than

reaction time to P2. On the Apple, the interval was fixed at 1000
msec. On both machines there was a short delay between the end of the
pertod in which responses could be made and the start of fgedback
(shorter and legs vafirable on the Apple, and 1es€w¢han 100 msec, at the

most, on either stém). Our:ng this period, the computer determined

which type of‘f{ejgack was to be presented, on the basis of the
response 1atgncy}\ | :

Feedback came in three uarieti?s. I+ the subject’s response
came after Pé, a ZOOGth, 68 db stjmulﬁs was presented. It lasted far
as many_millis;conhs as the response was ]ate; where a perfect response
would b:-dne synchronous with thelonset of P2. Ilf the response was
early, the same-stimulus was presented, the duration ifdicating how
early instead of how late, and it was ;ccompanied by a light flash of

the same duration., The feedback lightswas a 5.08 mm diameter 1.e.d.,

eastly detectable if the subject was looking in its general directfon,

2
’

. but less salient than the Pl light. Responses which coincided with the

onset of P2 were originally given no feedback, which was perceptually
qui;e distinct. The subjects repeafedly complained thaf‘lack of
feedback on ﬁhese trials broke their rhythm and disrupted performance
on ;he next few t;ials. 1 chanqed thercomputer.program 50 that it
would treat perfect responses, for.fegdback purposes (only) as though

>

they were 5 msec early,

&
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The final type of feedback was *blown trral® feedback. I+ the
subJjext responced before the onset of Pl, or 1f she failed to respond,

the trial was considered“b1own' and was re=-run. , Data from these

!

L
trials was Kept and early responses were anaivzed when the P1-P2

interval was less than 200 msec, for in such cases early responses were

sometimes "real®, generated by subjects who were timing from the

warning stimulus rather than from P!. On the PDP-8, blown trials were
markedi;;ﬁiiree 300 msec presentations of th; *honk", separated by 100
msec‘fr;ﬁéeadh other. 0On the Apple, the feedback was.instead a
simultane;us 500 msec presentation of the honk, the Pi light and the
feedback light. Both were obviously different from normal feedback.

They were also quite effective for waking dozing subjects, which was

sometimes necessary in this rather boring task.

2.7 ‘Instructions and Other Information Availiple to the Subjects'

Subjects were told tolminimize their variance while responding
as closely to P2 as possible., They were advised that ] considered mean
synchgonization tatencies which differed from the synchronization
interval by more than 10 msec to be-unacceptable.

At the end of each session, the computer printed ocut the
latency means (measured from Pl onset) and variances for each‘block
(including the first) and for all ‘blocks ‘combined (excluding the
first), It also printed a histogram of the response distrisution for
the session (excluding block 1). Subjects were aware that I expected
the distributions to be highly peaked and symmetrical. They were never

explicitly told that the distributions should taock like triangles, but

&
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™
some of them read Kristotfersocn’s previcus papers, so they probably
figured this ocut for themselves.

Subjects were advised that the foreperiod was variable and were
told that the variability was there to make timing from the warning
stimufus a poor strategy. Theyr were instructed to time their responses

. i -
from the onset of Pt, Occasionaliy 1 mentioned to some subjects that

they were re fng on the warning stimulus, not on Pl, and reguested
that they pay more attention to P1. The subjects thus Knew that I
examined‘ihe relationship between foreperiod duration and respcnse
la}ency, but they were not told how, nor what I intended to make of
this., To their knguledge, my examihétion of foreperiod effects was
done simply to monigdr their performance. Especially in Experiment 3,
in which responding from Pl was made impossible, some subjects
e*pressed the feeling that they might be timing from the warning
stimulu;. lﬁ such caseﬁ, 1 agreed that the task was difficult, but

asked them to try harder to respond on the basis of P1.

Subjects were allowed to examine each others’ computer

-

printouts and were not asKed .to avoid talking with each other about the

1

experiment. A épirit of friendly competition was encouraged throughout
the experiment. \\\\,///)

During the very first session, 1 instructed the subject
Jerbally about the stimuius order and then went into the bxperimental
chamber with the subject to demenstrate how to perform the task. The
subject made about 3D resﬁons}s on the first day, with me in the booth
to answer guestions as necessary. 'These data were discarded. Session

1 in the tables refers to the first compiéte session, which was always
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actualiy the subject’s second. -

Subjects were ﬁ;id at a pre-tax rate of $5 per session.
Occasional rewards {(such as a pitcher of beer at the graduate pub) were
gtven to some subjects from time to .time in recognition of excellent
perfarmance.

Sessions lasted about 45 minutes on the PDP-8, with about 8
minutes of that required for generation of the random foreperiods
distribution at the start and for analysis, printing and punching out
of the data onto paper tape at the end. Sessions lasted about 35
minutes on the Apple, due to faster generation of the random
foreperiods at the start of the session, a faster printer, and to the

_use of floppy disk, rather than paper tape, data storage.

2.8 Scanning Procedure

All of the experiments below are concerned‘with performance
"across a range of dur;tions. .It is impossible to fully practice
subjects at every interval within the ranges, Extended practice can
only be-carried out at a few intervals.

Figure 1} i} éireproduction of Figure 5 from Kristofferson
(1974. In it the variance of synchronization latencies from one
subject are plotted‘a; a’funciion of duration and as a function of
practice with other stimuli within the range. The subject started with
40 sessions at 940 msec, reaching a stable asymptotic variance of 497
msec2. Synchronization intervals were then redu;ed by 10 msec per
session until the lowest inter;al, 140 méec, was reached.” Intervals

were then increased, by uarying amounts, and wefe kKept constant for 3

~ .



FIGURE !

Syncnronjzaticn variances from Kristofferson, 1974 ‘reproduction af nis

Figure 3). The figure shows mean within-block variance as a function
~

of mean latericy. Filled circles are from the" initial descending
series,,&nth 300 latencies per point. Cpen circles are from the

ascending series, after the first session at each interval, and are

1

based oﬁ a minimum ot ?60 Tatencies per point.
T~ / .
™~ /

—



LY

006 008 .

00L

('4 1oy® D8sw) ISNOLS3Y 40 3WL NVIW

]

C09 006G ooY 00t 00¢ 0,0

T

0]}

00¢

S
m .
{;98s5W) JONVISVA

3

006G

009



93

o

to 10 sessions. Study of performance over the range as the interval is
decreésed gradually can be called *scanning down® the range. The graph
shows the results from an initial scan down (filled circles) followed
by a scan up (empty circles). —_—
Variances ofrthis subject appear constant in the 300 - 550 msec
region and appear to increase as the interval is cpanged in either
direction cutside this range. WVariance levels from‘another subject
were constant from about 170 msec to S50 Tsec, at about the same level
as obtained by this subject from 300 to 550 msec. The é{{ect of
scanning was to reduce uariébilify across the range, but especially to
reguce it in the regiéns in which it was a non-constant function of
duration. One might speculate that with even more extensive practice,
the ;élationship between variance and duration might flatten out
c;mpletely, across the 140 to 946 msec range shown. The reduction in
variance at 940 msec was from an apparently stable as}mptotic level. of

-

497 msec? to a final level of less than 300 msec2, due to
_ .

bbactice at durations other than 940 msec. '

—

= .- .
Kristofferson (1983) studied discrimination performance as the

separation between pairs of stimuli on opposite sides of the midpoin{
(basg duration) was varied. The estimates of q were based on
performance with these stimuli and with others left alone from
condition to condition {(given a constant midpoint) in this single
stimulus paradign., Initially, thg éstimated value of q varied with
stimulus separation even thouéh base duration was. unchanged. Scanning
up and down the range of separations had to be done twice before these

estimates of internal variability appeared constant, which was
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eventually obtained.
Scanning across a range of values appears to be a highly

effective training strategy for reducing variances and it may be more

¢

efficient than'further training at the same interval, once-asrmptotic
performance :t this interval appears to have been reached.

1 made extensive yse of a scanning strategy in all of the
experiments. After in}tiai stabitization training at a specific
interval for at least S0 sessions, synchronization intervals were
gradually increased or decreased toward the other end of the range for
that experiment. Typically extended practice was afso given at one or
a few intermediate intervals within the_range. Scanning was trpically
carried out to extreme durations just beyond the longest or shortest
intervals at which extensive practice would be required, to minimize
any end effects. In general, I was interested in performance levels at
the well-practiced intervals. Except in Experiment 4‘(uision), I was
only concerned with performance at these intervals, speﬁding sessions
at the others only as a means of improving performance at the Key dnes.

The details of the scanning procedures used varied from
experiﬁent to experiment and, especially, §runvsubject to subject.

Such variation between subjects was absolutely necessary. Some
subjects were willing to participate in over 400 sessions. Most were
unwilling to commit themselves bevond 200 sessjons. Interested in
asymptotic performance levels, 1 adopted what seemed to be the most
thorough training scheduie possible given the number{of sessians that

could be expected from the subject and the subject’s rate of

improvement in the task.
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2.9' Data Truncation and Lost Data

The raw datg from some sessions were lost due tc equipment
problems. The PDP-8 paper tape punch generated a number ofhunreadable
tapes, leaving the printout of means and variances ati%%e end ot the
session as the only record of the data. The Apple disks were
substantially more reliabte but the computer "crashed” a few times on
encountering bad sectors on disks, Further, one of the drives needed
more frequent speed calibration than it originally received, and it
wrote somé unreadable files.. Eventually' I solved this and other
difficulties wi&h the Apple by training at Apple Canada to be a Level !
Service Technician, after which I calibrated the driyes and did other
preventative maintenance mrself on a regular basis., Im the sessién by
session graphs of the data, lost sessions are indicategd by gaps. When
mean latencies and their variances were obtainable from printouts,
these were incluped in the appropriate graphs.

i . .

A number of other problems arose wqich introduced outliers
(extreme latencies) into the data. On the equipment side, electrical
transients produced when Pl was presented sometimes caused the'PDP-B to
record responses at the time of ﬁl, even though the subject responded
much later, near P2. A mixer through which the auditory P! and P2
stimuli were passed before being presented to ihe subjects in the PDP-8
éetup was a source of intermittent noise for an undetermined number of

sessions. The problem was corrected once it became regular enough that

“the subjects and 1 realized ere was a problem. The effect was that
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sometimes a short noise. burst produced Sy the mixer was interpreted by
the subject as P1 or P2+ Noise hursts occured at randomr times. The
POP-8 suffered a.variety of timing problems, all intermittent,.at
different time;{ The typic;] result was a }andom reduction in recorded

response latency. The oriqina] response pad occasionally generated its

: 4
own responses, or responded to movements of the hand in the vicinity~

7

of, but not on, the button. The replacement was originally less
sensitive than the first one, and contact with the button could be

maintained without maintenance of closure of the electrical circuit. -

—

Even with the fixed pad, some subjects required‘Redux Cream, an
electrolytic cream, to increase the conductivity of their hand. Use of
too much cream made the button sticky,(whichhinterfereé)with
performance. The Apple also failed from time.to time, regquiring over
the course of the experiment 'a new power Sdpply, two new motherboards,
and various memory and other chip replacéments. Intermittent and total

failures to present stimuli were uncommon but they arose. DK’s session
. N ‘ ' =

395 has been excluded from analysis because P! and P2 were not

presented during the last hundred trials, due to a_faulty connection.
. ? “ :
In a few other seasions (3 or 4), the same thing happened~but the

subjects terminated‘iﬁe session early, leaving no data to exclude from

anal¥sis. In perhaps 5 furfher.sessfons, P1 and P2 were not presented

for very few trials. These data were Kept: 1 relied on the truncation
b/ o
algorithm described below to automatically remove the #rabberant

responses obtained in these trials. \ ‘

On the subjects’ side, sneezes were the main cause of outliers,

Subjects also occasionally leaned back on the chair at a strange angle,
I3~

.
AN

ir
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ending up on the floor, making an unintentional response by removing
the hand from the responsé pad -in the process, Some subjects
deiiberately "blew®’ the ﬁdd trial, withholding a response in order to
hear or see the interval. This was usually no problem since
no-response trials were discarded. Occasionally, however, the subject
would accidentally 1ift her finger dqring the post-P2 inferual,
generating an accidental and spuriousliy long response.‘

There were other 'problems, but this is a sufficient list of
examplies, The vast’ggiority of the data weré uncontaminated but owver
- the course of a million trials such problems should be expected.

The problem of transients in the\PDP-B system arose in Hopkins”
and Brewster’s work as wéll, and had been so for some years before the
ﬁresent research began. In their data, it appeared as a measureﬁ
latency of 10 msec, i.e. as a response coincident with the end of P1,
and tHey routineiy eliminated 10 msec latencies from their data. This
was the earliest latency that ‘their programs could report. Three or
four such latencies were o+t;n:obﬁained in a single session. In my
sitvation, for other tecbnical reasons,‘response—Iatency timing was

from the start of the foreperiod,.so erorté of latenc}es shorter than

10 'mse including negative ones (responses preceding Pl1) were

possible. Rgmember the task here. The subject is to time an interval

that begins

li;iﬁf res

may reflect a transient or a sneeze, but whatever the dif%iculty, this

ith P! and ends with P2, responding in synchrony with P2,

y5e occurs at or before P1, according to the computer, this

is not a synchronization response. | decided to deal with this

~ directly, on an a priori basis, as part of the design of the
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.experiment, ‘A response which the computer claimed occurred at or

before Pl offset was flagged immediately with "blown trial" feedback, -

the abberant 1atency was stored in a separate data array in the

program, and the trial was re-run. My goa] in this was to obtain 300 v

good trials per session and to remove the “bad® trials {the 'blaﬁn' »

ones) from view completely. Confident that extremely short and
negative latencies could not be ®"real®, I had no intention of including

them in any analyses,

For P1-P2.intervals longer than 200 msec, I am still confident

- N A
that this reasoning was correct, and these "blown® trials have nat been

analysed. . . ) {f} *

For | PI P2}|ntervals of 200 msec or less, ! am not confident

v
i

that all 'blown }ria]s should be removed automatically. The-
difficulty is clearest when P1-P2 is a mere 85 msec, which was used in

Experiment -3 (designed long after Experiments 1 and 2 were started).

In this case, the subject is almost certainly timing from WS gthe <
wafning stimulus), ;:ther than from P1. For example,‘with a mean k
forepefiod duration of 900 msec, the subject might try to wait 985 msec
from offset of WS before responding, indepenaently of +the time of
occurrence of PY, I will consider this strategy in'Chépter 4, The
point here is that if this is the subject’s strategy, and if there is

an extraordinarily long foreﬁeﬁiod in a given trial, the subject’s
response time relative to the long delayed Pl could indeed be 16 msec

or less. When P1-P2 js ;ery short, the subjects’ response

distributions have long negative tails. There is little justification

for truncating these tails when they extend past 10 msec.

o~
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Even with the addition of foreperiod variance in the response
distribution, when timing is from WS rather than from P1, there is a
limit on how far back "plausible-latencies can extend. A latency of
10 msec might -be believablie when P1-P2 is 85 msec. It is less
believable when P1~-P2 is 150 msec, especially when the low variances \\\‘
and symmetry of \Qe response distributions at this.interval “are
considered, except }ét subject KC. Even at 200 -msec, KC’s per*orﬁance
was highly variable and her latencies were strongly correlafed with.

foreperiod duration, suggesting that she was timing from WS rather than

from P1. 1t seemed improbable, but not sufficiently extremely

-improbable, that responses at or before P1 offset could have been part

-of her response distribution. KC‘s behavior in the task was

suffiéiently abberant that I eventually asKked her to leave the
experiment, a point to which I“11 return in Chapter 4. Her égta were
analysed, and summary tables appear in Appendix 1. To avoid missing
latencies tﬁat might have been "real®, I included in the analyses any
response t?at gpeceded P2 by 200 msec or less (her longest Pl-P2‘
interval wﬁé,26' msec).q To avoid incon%istency of treatéent of the
data from.aifferent subjects, ! adopted the same rule for all of them.
To summarize, on an a priori basis, I dechded to exclude from
analysis all responses which occurred at or.be+ore Pt offset. This
decision was made before Experiment 3 was designed and the criterion
was inappropriate for that experiment. [ modified it as follows: all

responses which occurred at or before P! offset and which preceded P2

-

by more than 200 msec were excluded from analysis, They are not

reflected in any tables or graphs below, nor will I refer to them again
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in the thesis. This restriction on truncation leftgqany
trans.ent-based outliers in the data of Experiments 2 and 3.

I spent considerable time thinking about how to remouzrthese
remaining transient-based short latencies and other outliers which
arose from the problems discussed at the‘start of.this section. I
_oBJect in principle to data eliminatioﬁqbn the basis of the 'eyebill
test", Further, the notes about problems that subjects oftgn %ade on
their'sessions’ data printouts were not an adequate basis for a
cdhéistent'elimination criterion, though I made much use of them in
checking the effects of different outlier removal criteria that I,
considered. N . 4

After a number of false starts, ] settled on a kur%qsis
‘criterion for remoudfﬁg;/;ut]iErs. I+ M is the sample mean of a
distribution of responses, R;, andhv is the sample variance, the
sample Kurtosis is defined as b, where )

Ba = I (R; -~ M)+ / V2,

Th{s s%atistic is quite sensitive to extreme u;lues, becoming
very large when one or more ou?lfers~are present in the data. Thg
Kurtosis criterioﬁ for removal of outliers is used as follows:.
Calculate the samﬁle kurtosis., 1f it exceeds a critical value, exclude
the datum most distant from the sample mean. Recalculate the Kurtosis,
continuing to remove the most extreme of the remaining ualues until the
Kurtosis drops below t //;1143cah ualue. This is’a common and powd}+ul
test for outluers (see Barnett and Lewis, 1978,Fibr more detaits,)

The difficulty with this procedure, for present purposes, lies

-

tn choice of a critical value for the Kurtosis. Simulation-based
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estimates of the Kurtosis distribution are avajliable when the response
distribution is normal (egq. D“Agostino and Pearson, 1973), but they are
net available for most other distributicons. Accorﬁingly, I ran a smali
scale simulation to obtain critical ualqes for this procedure. If the
subject is timing from Pl, the response distribution 1s Known to be
symmetrical and highly peaked. Pseudorandom variates were generated in
batches of 300, to make up a simutated session, and 200 such sessions
of data were examined for each distribution studied.

Torapprgximate the response distribution when the subject is
timing from P!, I used normal (population Kurtosis of 3.0), triangular
(kurtosis of 2.4), and logistic (4.2) distributions, and three.
convolutions of triangular and logistic distributions (Kurtosis ranging
from 2.4 to 4.2, depending on the relative variances of the two
distributions). Across the 1200 "sessions" of data so examined, sample
kurtosis never exceeded 8.3. On the basis of fhis, I conclude that if
the subject is timing from P!, it is exceedingly unliKely that the
sample Kurtdsis of his data wpuld exceed 10 by chance. For th{s case,
then, I use a Kurtosis criterion 0410,

I[f the subject is timing from WS, his response distribution
includes the variability ;+ the foreperiod. 1f we measure response
latency from WS, the distribution should be symmetrical and peaked, as
it is from Pl when the subject times from P!. However, if we measure
latency from P1 and the subject is timing from WS, we are subfracting
the foreperiod duration from the interval the subject is actually
timing. This is a geometric variate, with a variance of 90 msec2.

I used the same base distributions (triangle, logistic, conveolution of

h
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1
the two,.normal), and subtracted geometric variates to simulate the

response ‘latency distﬁibution to be expected in this case. The

Kurtosis-of such distributions depends on the relative variance of th; -
timing and foreperiod distributions, so I varied these as well. In a
total of 17 distributions (3400 Xurtosis values calculated), 10 was
exceeded five times, That is, a Kurtosis of lorshould be rare if the
subject times from QS and we measure the latency from Pl1,-but it is not
- extremely rare. The same results w&uld be expected if the-squect
timed from P! and we measured latency from WS, adding the geometric
foreperiod to th;miatencies; rather than subtracting it from them.

It is nat a}ways possible to decide beforehand wheth;r a given
éubjéct at a given P1-P2 interval will time from P! or from-WS. To
avoid arbitrary decisions here, I used a‘compound criterion. If the
Kurtosis of the lgtency distribution exceeded 10 when Jatencies were
measured from Pl onset, and if it also exceeded 10 when latencies were
measured from foreperiod onset, then I elia?;}ted the most extreme
latency. In principle, one of these two lif;ncy distribut;ons should
be symmetr}cal and highly peaked whife the other should be skewed and
'Iess'peaked due to the additioﬁ or sub}raction ot a-geometric uari;te,
whether the subject is timing from Pl or from uﬁ. -Qélues asnlarae as
10 frun the symmetric distributions were never obtained in the
simulations, aﬁd fewer than 0.15% of the Kurtosis values from Ehe
skewed distributions were this large,

I consider‘this_cnmpound criterion quite conSeerfive.

I

Furthér, from exam}nation of the histograms of .the resp?%se

'distributions printed for each session, and from the subjects” notes, I
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am satisfied that the latencies.which were eliminated‘should have been
eliminated. A few outliers remain in the data, which can be directly
traced to known eguipment problems, but relaxing the Kurtosis criteria
to allow e]imiﬁafion of these responses would Haue-resulted in
elimination of others that should not be removed from the data.

As a final note on the simu]ations; 1 derived the population.
Kurtosis for each of the distributions studied, and compared this to
the estimate obtained by simulation (along with estimates of other
statistics of the distributions). The theoretical and obtained values
agfeed weil, as they must for the simulation to be considered valid.

| Appendix | includes tables of a number of statistics of the .
response distributions for each subject and session. Included in this
is the ﬁumber of trials per-session that were included in the analysis,
I1f any trials were eliminated from that sessién’% da{a, the number of
these is givgn in Brackets beside the number.inc}uded. A.totai of 186
responses were eliminated, from 3,114 sessions’ ;%ta (or about 1
response per 53,0003, Reflecting the string of proﬁlems with the

machine, {44 of the 184 eliminatp& responses were from data collected

on the POP-8, which controlled only 7?54 of the 3,114 sessions.



3. Experiment 1: Long Auditory Intervals

In this experiment, synchronizétion interuals'were varied:
across a range from 1400 to 2100 msec. On the basis of the review in
the introduction, three plausible Eésults can Ee envisioned:

From Kristofferson‘s (1276) synchron}zation experiment, we
should expect variability to increase continuousiy as the P1-P2
interval is increased. Kristofferson found that beyond 550 mséc, the
standard deviation of synchronization latency distributions increased
linearly with duration. (More precisely, the standard deviation of.the
‘added delay, in excess of 550 msec, was_direct]y proportional to the
mean of the added delay.) Only one subJecf was studied in that
experiment, His variances in the 1400 to 2100 msec region ranged from
888 msec? at 1390 msec to 3283 msec2 at an interval of 2090
msec,

On the basis of Kristofferson’s (1980, 1983) discrimination
research (which involved the same subject), we shoufd expect Weber’s
Law compatibility early in the_experiment but after extended practice
the variance should increase ,in a stepwise manner with duration, rathe;\
than continuously. Kristof{erson (1980} 1983) estimated q, the
parameter of the internal trianqgular distribution, as 100 msec across
the range from 800 to 1400 msec, and as 200 from 1400 upwards.

Translation of the discrimination results into predictions

about synchronization latency variances involves a few steps. First,

the breakpoint should probably not be at 1400 msec because some time is

104
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taken for the subject to ﬁerceiue P! and to respond to itl 14 we parse
the stimulus-responserchain into three stages, afferent (input),
central, and efféreﬁt {output), and assume that the internally timed
interval starts after the stimulus is registered and ends with the
initiation of thé response, wWwe should subtract a%ferent and efferent

latencies to estimate the duration of the internal interval timed.

3

Following Kristofferson (1974), we can estimate the non;centra1
latencies as 150 msec, close to the mean latency of simple reaction
time responses.wheh using 2000 Hz 48 dB auditory stimuti, <(The
-Eé}ameters are important because RT varies with intensity and
ffequency.) In this case, we should expect a break from g=100 teo q=200
at a synchronization interval of about 1730 msec. The triangular
variances {(given by V = q?/é):are 1667 msec? ;nd 6667 ms'.eca
respectively. To these;'a further 10 to 30 -msec?2 should be added
to re+L¢E?J:}¥Q:E2t latency variance of well practiced subjects (Wing
and,ﬁﬁisto%fer;on, 19735, Ning’s (1973) results depended on the type
of response demanded of the subject. Hopkins (1982) estimaéed efferent
latency variances using the same equipment and response as were used in
the present experiment. His estimates averaged approximately 25
msec2, AQED;Gingly, we shquld expect the variances to be about
1690 msec2 from 1400 tﬁ 1750 msec (1400 + 150) and about 4790
msec2 for intervals ranging from 1750 to 2100 msecy |

These values are substantially larger than many long interval
synchronizatiqn variances reported gy*Kristof+erson (1976), so a

prediction of complete compatibility with the discrimination results of b
o )

!
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Kristofferson (1980, 1983) is not plausible. We might still anticipate
a stepwise increase in variance, however, with a break at 1750 msec.
Kristofferson’s (1980) explanation of the stepwise variance
increase was in terms of a quantal counting model, with a maximum count
of 16. HopKins (1982) reported synchronization variances as low as 33
msec?2 fo; intervals as Jong as 440 msec. With a g of 12.5 msec
Cclose to Hopkins’ estimates) and subtracting 150 msec from the 440 to
reflect input-and output delays, we still obtain a count of over 24 g.
-1f we maintain a quantal counting model, we must drop the maximum of 14
for the ;ount. This restates the difficulty noted in the last
paragraph: the variances are QBO all to be fully compatible with
Kristo+ferson’s (1980) discrimination findings.

Brewster (1983) showed, in a task involving both
s¥nchronization apd di;primination responses, that variability of each
type of response could be manipulated independently of the variability
associated with the other. She interpreted this as indicating that
different timing mechanisms or strategies wene involued in the two
“tasks. These Eesults give us some leeway to ignore the discrimination
findings. The third outcome that I will raise as "plausible® is that
the variances may stay constant across the entire interval.

My expectation ip this experiment wasithat the results would be
similar to those obtained in mpst other very long term experiments on.
subjective duration and/or timing. With respect to variability, I
expected tha; after suffjcient practice the Eé]ation be tween
synchronization interval and variance would'be'tonétant or stepwise

increasing, not monotbnicaily increasing. This is not a foregone
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conclusion. Kristofferson (1974) included very extensive ﬁfactice at
940 msec, but despite that practice the variance at this interval was
higher than that obtained at 89& msec, and lower than that gbtained
when the synchronization interval was 990 msec (the two surrounding
intervals in this experiment). 1t appeared frem that'egperiment that
Weber’s Law would describe asymptotic performance. I considered this
result anomaious anhd, as discussed in the introduction, I did not
expect to obtain if._

There is more to 'similarit? of results'.than similarity in
terms of constant or stepwise increasing varian;é. My thesis is that
the sar'ne“timing mechanism is available for long interval
synchronization as is used for short intervals. it thi; is true,.:e'
should find that estimates of q in this experiment hover about 12.3,
25, 50, or 100 msec, after much practice, and that the distribution of
responses is symmetrical and pefked. From Hopkins (1982)} 1 would
expect that Eonuolution o; a triangular. {(timing) with a ﬁogistic (
(efferent latency) variate should yield a theoretical distribution that
describes the response latencies. Population statistics of this and
other distributions are given in Appendix 2. | evaluate the quality of
this description by examining the cue++icients‘o+ symmetry, jE;,
which should be 0, and of qutosis, bs, which should be between 2.4
and 4.2.

! will not specify the mechanism beyond the statement that it
is quantal and that it yields response distributions as described

above, All that we have to worK with from this task are the response

distributions, and differéﬂt quantal mechanisms could generate the same
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results. Hopkins’ model, involving ef%ectiuel; independent unifarm
de.ars in getting information into and‘out of the clock, perfect timing
by the clock, plus an independent logistic variate describing motar
variance, is the one 1 adopt as a working model. There is no hint of
quantal counting in this mode!. I am confident that a counting model

could be constructed to predict exactly the same resuits in tﬁis task.

3.1 Method
3.1.1 Subjects

Two male subjects, DG and GH, participated in this experiment.
DG was a senior undergraduate, GH a graduate student. As is true for
all of the subjects in this thesis, neither had participated in
synchronization experiments pregiously. Both had some familiarity wi £h
the timing literature and had participated in various other

psychological experiments,

3.1.2 Procedure

The general procedure was described. in Chapter 2. bG started
at 2000 msec and practiced extensively at this interval before moving
toward 1500 msec, in steps of 25 msec, There was only one session per
interval for most of the intermediate intervals. I scheduled S
sessions per interval at 1900, 1800, 1700 and 1400 msec to slow the
rate of change somewhat. My intent in designing the schedule was to
change the interval to 1500 msec quickly but not so quickly that the
benefits of practice at the longer intervals would be lost at the

shorter intervals. "After 5 sessions at 1500 msec, the interval was
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reduced in steps of 25 msec to 1400 msec, to avoid any end effects at.
) !
15300. The interval was then lengthened, always in 25 msec steps, to

1500, where DG staved for 30 sessions. The interval was then brought

. s
—

'uprto 1750Jnsec, and after extended practice it washlengtheﬁed to 2080

Art

msec where it was Kept for the final 52 sessions of the experiment,
. -
The schedule for GH was similar, except that he started at 1500

msec,-worked with intervals as long as 2100 msec, and finished at 1500.

In both cases, attention was paid to performance at 1750 msec,
as compared to taatlobtained at 1500 and 2000 msec. My intention wac
to stydy the region around 1750 msec in detail if it appeared that

th{re.was q\::FT}QEF step between 1500 and 1750 or between 1750 and
~

: 2_900}5%. _ ' B =

* The exact schedule for each subject is displayed visually in
humerous figures below. Appendix | provides tables of descriptive

-aniagigtics tor each session of each subject, and these list each

I —

session’s synchronization interval.
N .

-

" 3.2 Results
L3241 ‘datgncieb
Figures 2.1 and 2.2 show the relationship between

synchronization interval (lower panel) nd‘mtén.é}nchrnnizatioﬁ latency
{upper pane]).for each subject. Al s -'ons are plotted. Clea;ly,
respcq%e latencies are linearly relate 0 the synchronizatiaﬁ
interﬁ;fs. "It is not evident in the graphs; but can be seen in the
first two tab]e; of Appendix 1, that DG’s Tﬁgn latencies were typ}caliy

within 10 msec of perfect synchrony. This fs typical of

synchronization performance, in the #ata of this dissertation and in
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the other worKs cited previausly. 6H’s responses typically occurred
‘more, than 10 msec before P2. The means were often 20 t¢o 30 msec early,
Still, increases and decreases in GH’s latencies followed increases and

decréases in the duration of- the P1-P2 interval quite closely.

a

3.2.2 Variances : _ ‘ °

The upper panel of Figures 3.1 and 3.2 show DG’s and GH’s

variances for each session. The middle panels again show

synchrenization intervals. The !ower paneis show the mean foreperiod

L4

durations, near 900 msec op the PDP-8 and near 1000 on the Apple.
There is no indication of a change in performance due to the change of

equipment. .ot . ‘ . .
.

Figures 4.1 and 4.2 show variance levels at "practiced”

/ e -
intervals. I refer to statistics of "practiced intervals® frequently

below. By this, ! mean all intervals with which the subject worked for

-

two or more consecutive sessions. The figures show averages of the
’ r . . *

Qithin-5e§5ion variances of the last five sessions, or of all sessions
}f there were fewer than five at this interval.4 These averaged
variances ard preseﬁted in tabular format in Tables 1.1 and 1.2, along
with the iﬁt?rvaf%, aueraged'estimates of q, the mean symmetry anp
Kurtosis coe+{;cients,:and the mean correlation between response
latency and ioy?period duration. There are clear pﬁactice effects in
the_data, 50 these tables 1ist the results in the order in whicﬁ they .
were.oﬁtainea. %ﬁe finat few rows in each table are the ones of major
interest.

.

DG’s and GH’s data ‘contain some striking dissim}larities, so 1

-
- -
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FIGURE 2
Upper panel: Mean synchront®ation latencies, in milliseconds, of each
session.
Lower. panel:. Synchronization interval., in milliseconds, of each
session. ) . -

1
~Figure 2.1, subject DG. Figure 2.2, Subject GH.
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FIGURE 2 N\

fa

Upper panel: Response latency variances, in msec2, of each
, ' -

session. ‘Note that there are two lines marking the top of the panel.
Variances shown as exsending to the‘topmost lTine were too large to show

accurateiy on this scale. For exact values, see Appendix 1.

>
Middlte panel: Synchronization interval, in milliseconds, of each

session.

Lower panelﬁ Hean'+oreperiod‘duration, in milliseconds, of each
session. The means were approximately %00 msec when the PDP-8
controlied sessions and 1000 msec when the Apple controlled sessions.

" Gaps in the figure (ostensibly 800 msec means) are due to loss of the

f
s -
e

raw data, making c;]culagion of that session’s mean foreperiod duration

impossible,

Figure 3.1: Subject DG. Figure 3.2: Subject GH.
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FIGURE 4

Mean within-session response latency vartances (msec2) as a
function of mean response latency (msec). Filled squares show the
descending series variances, Filled cirles show ascending series

varjances. The variances plotted;are listed,in Table 1,

[N
1 .
»

Figure 4.1: Subject DG. Fiqure 4.2: Subject GH.
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TABLE, 1

Mean within-session variances (msec®), g estimates {msecJ,
‘coefficients of symmetry (ROOT Bi), ot Kurtosis (B2) and of correlatian
betweeq response latency measured from Pi and the foreperiod duration:
Only data from intarvals at ;hich the subject spent two or more
consecutive sessions were- averaged for this ?aéle. The,aueragé% are
based on the last five sessions at thi5\¥ﬂ¢erﬁ$i befare the subject
moved to the next, or, if there were fewer tﬁan tive, on all sessions
at the interwval.+4

. -
Estimates of.q were obtained fqom the triangular variance relationship,
g2 = Variance/é, after subtraction of 25 msec2 as an estimate
of efferent Jatency variance. That is, if V is the sample variance, q

-, -

was estimated from

q2 = (V-25)/6. 3

Table 1.1: Subject D6. Table 1.2: Subject GH.
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SUMMARY STATISTICS FOR DG AUDITORY
RESPONSE LATENCY MEASURED FROM Pl

INTERVAL WVARIANCE Q ROOT Bi B2 CORR WITH FP
2000 1404 97.34 0.28 4.84 -3,03
1925 1098 80,23 0.80 3.15 -0.05
1980 1042  78.11 0.07 3.12 -0.01
1800 . 988  74.0t 0.14 3.09 -0.08
1700 752 46.04  0.09 3.02 -0.05
1600 813 48.77 0.19 ' 3.08 0.0¢
1500 798 48.11  -0.02 3.24 -0.03
1400 750 $5.94 40.04 3.78 -0.06
1425 729 44.98 0.00 3.49 -0.02
1450 490 43.18  -0.09 3.37 -0.02
1475 499 63.40 0.00 3.27 -0.05
1500 619 59.48 0.05 5.67. -0.03
1525 611 59.28 0¢03 2.98 -0.06

- 1500 463 51.29 0.05 3.84 -0.04
1750 457 - 50.%0 -08.03 2.98 -0.05
2000 594 58.42 0.02° 2.%9 0.02




‘1

- - SUMMARY STATISTICS FOR GH AUDITORY

RESPONSE LATENCY MEASURED FROM P!

INTERVAL UARIANCE O  ROOT BI 82 CORR WITH FP
1500 1054  78.59  0.02  3.28 0.04
1400 1214  84.47  0.05  3.25 0.01
1700 1786 ~102.79  0.04  3.52 0.03
1800 1920 106.62 -0.02  3.25 6.04
1900 2569  123.54  0.09  3.11 0.03
2000 3152 136.98  0.02  3.13 0.04
2100 3660 147.48  -0.04  3.13 0.10
2000 1475 93.28 0,15  2.89 0.94
1750 784 47.49  -0.02  3.26 0.03
1500 474 62,42, -0.05  3.40 -0.01
B \
1/’ \
*
F
: f
. "/‘\
- \
\
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will discuss their results separateiy.
) By about session 140, DG had achieved a stable level of

uariabj]i??, hovering about 300 msecé. The.variances at 1300 andg

1750 msec are quite close (averaging 463 msec? at 1500 and 45?

msec2 at 1730, for the Féﬁal five sessions). Tgere is a glight

increase at 2000 msec, to a final five session average of 594 ) {/,,—

msec2, but there i's no hint of a stepwise increase. He ahd 1 bnth)

felt that with further practice (impossible because DG had to jeave to

;ttenq éraduate.school in California) this variance would haue'dropped

. \
further. ¥

Figdre 4, based on thqauariances reported in Table i,
highiights the effect of “"scanning®™ on the data. DG’s variance at 2000
msec appeared roughly stable at 1404 msec? bé%ore'he ppacticed at
the shorter ;nteruals. A;ter Qorking with the shorter one;, his
variance at 2000 was substantially less than half this value, and’it
was s0 even during the'first sessions of‘the final seéries at 2000 msec
(see Flgure 3.17.

DG’s g was very close to S50 msec atkﬁsoo msec (51 3) and at
1730 (50.9)2 f{ was not much greater than 30 (38.4) at 2000 msec.

I¥ DG was timing these intervals by cﬁunting quant;f bydthese -7
estimates, at 1730 and at 2000 msec he was countlng about 34 of them.

T _,A

There is absolutely no support in these data for the hypothesns of a

maximum possible count of {6 g.
The Weber ratios (standard deviation/synchronization interval)

for the final 5 sessions at 1508y 1750 and 2000 msec are 0.014, 0.012

and 0,012 respectively. Hopkins (1982) reported ratios as low as 0.016‘
Y
@
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tn his subjects’ synchronization performanqe, The lowest value -
obtained previously was 0.023, from Wing and Kristofferson (1973).
Weber ratios obtained in discrimination tasks typically range from 0.04

A 4
to 0.10 according to Hopkins’ review, Compared to these values, DG’s

performance is quite impressive. It is equally impressive when

compared to the synch%onizat<QP variances reported by Kristofferson
' e - \ ,

(19724, over the same range of intervals (888 to 3283 mseca).\\\\

GH’s performance was substantially more variable, in all

. :
respects, I think that part of the problem was that GH spread the

‘/’,/§é;§§§£5 over a much longer periaod (he took almost a vear longer than
: ‘DG to omslete the experiment). Further, he reported as late as:

‘session 187 that he was still experimenting with new response

strategies, whereas most of the other subjects had settled into

routine approach much earlier in training. Whatever the pr

-

lem, it is -
not clear;that éH ever achi;ved a stable performance level.l Some of
his worst, and some of 'his best sessions occurred in his final te;.
Figure 3.2 paints a Egpqusing picture of the relationsgip
between.synchronization interval and his variance. There are striking
practice effﬁ;ts. The variance at 2000 msec dropped by more than half
jwifh ﬂrattice. Variability dec?ines from 2000 to 1750 msec, but this

r

'appparf to be a continuous decline. Pe;hqps with more practice this
- ~ '

would flatten out and we would sa@ a step. Perhaps not, From 1750
msec Hownwards, the variance appear%“rouéhly constant,
1] y
Given the day to day high variability of GH’s pefformance from

day to day, I decided not’to schedule a fuPther series of sessions to

examine 2. 1730 to 2000 msec region for a step in variance levels.

<

N
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Even if there is one, without years’ more data collection, 1 doubt that

L

it would be evident in the results. :
Table 1.2 and Figure 4.2 give the variances at the final tive \>
segsions at 1500, 1750 and 2000 msec intervals. 1t is hard to
ir;ter‘pr‘et th'e-uaides at 1500 afd 1750 n\i;/l think they are
fortuitously low. The variance of the s nd last 3 sessions at 1300
msec was 1737 msec2 (q = 101.4~msec), compared to 674 msec?2 in !
{ ! L

his‘fﬁst 2. ~At 1750 msec, the second last group of 35 yielded an

-

average variance of 1142 mse.ca (q = 81.9 msec), canparedlto 784 ~
' msece\fﬁf the last group. I’ﬁ'not saying that these are in-anr way
"better” or "more representative® variance e;timates. Instead,.l’m
saying that 1’m not sﬁre that v#lues(?%epregentatiue' of asyqptotlc

performance levels can be found in these data. Nor am 1 confident that

4

further data coL}g&tion would lead.us to better data from GH.
I

I we do 1o;k\gply at the last 5 sessions at 1300, 1750 and

»

4
2000 msec, the Weber ratios are 0.017, 0.014 and 0.01% respectively.

While not as good asqgs’s; these are as good as those reported by

3
—

A '
5ppkins’ (1982) and are better than any reported previots to therm.
They are uéry ragpectab]e results. Further, GH’s variances throughout

the descending series (from 2100 msec down to 1500 msec) were typically
L o

better than those ﬁEBorted by Kristofferson (1974).

-

[
3.2.3 Weber’s Law . '

L

Kristofferson (1%74) reported that increases in synchronization

riance beyond 350 msec followed Weber’s Law, but there was very -

ittle practice at most of these intervals, The same was true for
* N

_////’ | . ] -

/
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intervals in the 130 to SSO“QSec range, but there, constant variances

were found, suggesting a transition in mechanisms. Kristofferson

{1980) found that Weber’s Law described discrimination performance

guite well if only the first five sessions at each base duration w7pe
considered. In the.present data, for both subjects, variance appeared
to increase with duration before the subjects had practiced at the N

intervals. Perhaps Weber’s Law should describe their unpracticed -
[ ]

performance as well. e
I checked this notion by examining the variances obtained

during the first session at each interval studied during the first

seriss (ascending for GH an%;dagifnding for DG). I also excluded from

this analysis data from the \irst interval studied (2080 msec for DG
! . b

and 1500 for GH) because variances during the very first sessions were
high due to the newhass of the task, independently of the interval. 1
also,;xcluded those‘sggsions from which the raw data were lost (due to
paper tape or disk failurés) because the usuél truncation procedures
.could not be carried out én these data. This sometimes resulted in
artificially inflated variances, at least relative to the others, which
would have clo?Féa‘any relationship that.exists between duration and

variabitlity. ) ’

v

! - .
! To examine the fit of Weber’s Law(tb thg data, 1 fit a simple

lineapr fuﬁction to the mean'latencies and tﬂe associated standard
deviations. According to the modified form o{qweber’s Law,
} ST . “
e Standard Deviation = K (mean latency) + cC
— : "
'CZQDE{e K and ¢ are constants.

C Table 2 presents the estimated Weber fractions, k, and the

*
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Pearson correlaJ(Ons between standard deviations'and mean tatencies,

for DG, GH, and for the main subjects of ithe lTater exbeniments, whose

>

AN
intervals ranged from 150 to 525 msec.5 From the results ?f

Kristofferson (19769, we should expect the correlations from the

shorter interval experiments to be close to zero, whereas Titéhou.d"i
A

expect high correlations between standard deviation and mean latency ~—

for -DG and GHT’J

Also presented in Table 2 are the correlations between mean

LY

latency and latency variance across the same sessions. I calculated

-

these out 6+ curiousity about c;mpariéons between Creelman’s theory and
Weber’s Law. Gétty (1953) and Kristofferson (1976) reported that their
standard deviations increasea linearly with duration éﬂé that the
variances increased n;nlinearly. Other reports (eg..Creelman, 1962) .~
indicate that var;ances can be described as increasing lineagly with
the .mean, but to thé best of my Knowledge none of these explicitly
tested fo? a nonlinear relationship between standard déuiat[on and
meary. The questionlis not sufficientiy relevant to the data or to the
main questions'at hand to Justigy a simulation or otheE extended study
_here, but what I am curious about is whether, with noisy data, i both
relationships were tested, it might app?ar that both are true. In that
case, evidence of a linear incréase in variance without congomitant
evidence of nonlinearity in the standard_geviations might provide only
equivocal support for a Poisson process. As Kristofferson has stressed
in discussions with-meg‘th; data might be equally compatible with

Weber’s Law, for which there is more supporting evidence.
t B -
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Table 2./

Correlations Between Response Latencies

and TQii;hitandard deviations and Variances
SubJecE Interva Weber ‘Correlation Between Mean and

Range Fraction Stand. Dew. Var.iance
DG 1400-2000 016 .823 .815
. GH 1500-2100  .046 942 934 Y
-y
Rud 150-210 .081 .798 9 .788
SN ] 150-200 .040 277 .305
(/ ok ™~ 300-s00 022 .453 .437
15 300-500 .330 626 .628
LL 300-500 ,000 .013 912
RW Visual 300-400 .040 .649 .643

The correlations between mean latency and either measure of

-
»

variance afe always positive, indicating that uariance_is an increasing
function of duration for unpracticed pérforman:e; For the short‘
intervals ghese correlations are no; large, which suggests that neither
the_relati;nship be tween ?Q:h and standard deviation nor the
relationship between mean "d’uariance should be taken as linear.

The correlations.are largér for the long durations (DG and GH),

< :

but here, as for the short Pl—§2 interval data, the correlations
between mean and standard deviation and between mean and uari;nce are
the‘same. Perhaps one of these relationships is linear, but it is
impossibie to tell which one. Looking at graphs for both subjects (not
presented here but easily constructed from the data in Appendix 1), 1
am not conuinced:;{ linearity in either case. 1 should étress, théugh,
that there is a éreat deal of random fluctuation in the uarianées,

which aﬁe only based on a single session’s data at each interval,

Given this noise, 1 think the correlations are large enough tb‘support
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the claim that the long interval data are compatible wiah (if not

strongly suagestive of) Weber’s Law, and with linearity between mean

and variance.
The results of these analyses also provide some further
b
grounds, albeit modest ones, for querying whether results thought of as

compatible with a Poisson process model might not also be compatible

with Weber’s Law. The similarity of correlations between mean and

- vagiance and between mean and standard deviation.is quite striking.

. generally ignore them in discussing the data.

3.2.4 Cortelatin Be tween Response Latency and Foreperiod Duration

There is no reason for the subject tq time from the warning
stimulus when the P1-P2 interval is 1400 mse&<ur longer, so there
should be no correlatiog between latency and foreperiod duration., The
correlations are of intenzngin the later -experiments so for comparison
1 report them here as well. Figures 5.1 and 5.2 di;play the
correlations (upper panel) for each session. These are listed in
Appendix 1 as well, Tab?e { presents some averages across sessions, at
practiced intervafgk

fhere is no retationship between coﬂ;elation and
synchronization interval, but the correlations, while uer; small, are

consistently non-zero for both subjects. DG’s correlations are

negative, which would arise if he was timing from the warning stimulus.

(though they would be larger if he did this at all consistently). GH’s

corrglations are fairly consistently positive. Thetcorrelations are

quite small, and they account for very littie variance. 1 will

—

T
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FIGURE 5

"
Upper panel: CorreTation between response latency (from Pi{) and
foreperiod duration for each session. Some sessions’ raw data were
lost and correlations could not be calcuiated. Gaps in the figure are

I \
due to lost sessions.

-

+
EEG?:—;LneI: synchronization intervals, in milliseconds, of each

session.,

N,

-

igure 3.1:, Subject DG. Figure 5.2: Subject GH.

s
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FIGURE 4

Upper panel: Symmetry coefficients of ihe response latency ‘from P1)

distributions of each session,

Middle panel: Kurtosis coefficients of the response latency
distributions of each session. C(Coefficients shown as extending to the
topmost line of the figure were too large to be represented accurately

S
at this scale., For exact values, see Appendix 1.

Some session;g)raw data were lost and symmetry and Kurtosis
e, W) .

T et could % '
coefficients could nuj be calculated. No values are plotted for these

sessions. The lost gessions are indicated by gaps in the fiqures.

. /
Lower panel: synchronizatioQ intervals, in milliseconds, of each

session.

-4

Figure &,1: Subject DG. Figure 4.2: Subject GH.
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3.2.5 Distributional Shape
L 4
Table I presents symmetry and Kurtosis coefficient averages for

the practiced intervals. é;ggzggfby session listings are availabfe in

Appendix 1.  Figures 4.1 and 4.2 show these visually.
o

There is no-apparent relationship between skewness and _\\‘Qz/
of h

B
synchronization interval for either subject. The distributions

subjects” responses are trivially but fairly consistently skewed
positively rather than being_éerfectly symmetrical: In the histograms
of the response distribﬁtfons printed for each session, these
distributioﬁs ook quite symmetrical. Hopkins'}1982) also reported a
smail positjue skew in his data, with bl‘;veraging .023 across all
subjects and conditions. - ‘

bt

There might be a small trend for DG’s Kurtosis tg increase as

étimu]us duration decreases, but the Kurtosis is at least roughly

constant across the rgpge, for bgth subjects. |

Kurtosis coefficients of both subjects are typically slightly
larger than 3 but they are usually 4.2 or smailer, which is cdnsistent
with the hypothesis thst the rgsponsg’dis£;ibution can.be described by'
a convolution of a friangular and a légistic varijate. The'very minor
but con;istent.ésymmetry suégnsts that this is not thebperfect mode |
for these datd;-but the imperfection of description‘m:: be due to the
small foreperiod effects or to sequential effects in the data (as found
by Kristofferson, 1976 and Hopkins, 1982).

. Since the Kurtosis of the response distributions is almost

always larger than -3, a normal distribution .would not describe these
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data, Nor would the convolution of a triangular variate with a normal

variaté,'?ather than a logistic, since the Kurtosis of thai-conuolued
distributidﬁ should be between 2.4 and 3 (see Appendix 2).“
]ndiuidual]y, the Kurtosis coef+7€?eﬁfs are genefally.c]ose to-3 1]
tﬁis lack of fit would bfobably not show up in ?raditiqnal goodness of

\ <

it tests such as chi-square. However, the coﬁsisten;y of the slightly
t;o large kurtosiSnualﬁes weighs against fhis déécription.

Despite the fact that the Kurtosis qglues 4allhwithin-the range
expected for a conuofution of a triangular and a logistic variate,
their magnitudes are diffitult for Hopkins"mudel. The problem is that
the Kurtosis of such a di;t;fbﬁtion depends on the relative magn{tudes
of the triangular and logistic Oariatces. Tﬁe formulae for the
variance and Kurtosis of this distributién are given in Appendix 2.
Us{ng'the notation of £h;t appendix}llet'ba-se the logistic
uarianfé and let V be the response latency variance, which is assumed
“to be the variance of the éonuolution of indeﬁendent logistic and

. triangular random variables. Table-3 shows how the Kurtosis of this
conuolut}on varies with the rafio ba/d, i.e. thh the proportion of

the variance that is contributed by the logistic variate.

o

-4

™

~y
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Table 3

Kurtosis of the Logistic + Trianqular Distribution
As a Function of b2V

b2/ Kurtosis

6.0 2.40
0.1 2.53 -
0.2 2.68
; 0.3 2.81
0.4 2.98
0.5 3.15 A .
0.6 3.34 VA
0.7 3.3 -
0.8 3.74
-0.9 3.97
1.0 4,20

-

Suppose, for example, that the response latency uarianc; is 500
msecZ and Ehat the kKurtosis is 3.;5. These are common values in |
DG’s data. According to the table, the logistic variable contributes
‘502_pf this variance. Uhder HopKins’ model, this means that 50¥ of
DG’s variance (250 msec2 should be attributed to variability in
the response (the efferent latencylﬂlfself. The Kurtosis coefficients
from GH’s data are about .the same, SO the‘distributiona1 model would

. o
lead us to estimate GH’s efferent latency variances as 350 msec? or
more. These #re not very plausible values, ' ’
Hopkins-could not encounter this difficulty because his
subjecjﬁ’_uariances were so low that any reasonable proportion ‘of them
(ﬂwould Y;LId logistic variance; lower ‘than 50 mseczl He reported 14
‘\\/ Kurtosis coe#?icients (1982, p.»lBO).' The'ir average was 3.045 which .is
| in line with the ualues_reportéﬂ here.

.1 am nof arquing here that a convolution of a logistic variate

and a triangular variate would not fit the data. I have every



,r ) ) : . ~ .—‘:.
- 139. '

i~ | v - TS
confide&;:—ﬁm h \ )

that traditional goodness-of fit tests would not reject Zhis ,’,Kk
N BN
model. Furtﬁbr141 would not be iﬁlaaﬁ surprised if traditional tests -7

failed to thect a model of this typEAﬂ}en if tfe 1og|st|c variance was o

% restricted to low values during parameter ei:lfi§>

\ 1 HODKInS £1982) used a minimum chi-Square pareme ter est1m§t4on -
_ \ X—_____i‘
.procedure to estimate g and b in his data. He pornted out that the. _ '
\ - '

Y,\ ~ parameter space associated with this procedure was quite flat. To se&’
\ -
et -

Jjust how bad this situation was, 1 constructﬁd an art|f|CIal data set )&

. e
(1300 responses, or O sessions’ data pooled) that flt a Jg ( *

- .
1og:stac-plus—§Llang]e distribution perfectly according to a cht sqﬁare

tes&n»hen the logistic variance was 502{0+ the total. 1 then varied
the specified proportion of the variance contributed by the logistic,
estimated q {and thus the triangular variance) by minimiiing

square, and. noted the final chi-square valye obtained. The
{-square values never reachéd the number of degrees of freedom of the

test, indicating an excelient fit, even when the logistic, which
actually contributed 50 of the variance, was specified as contributiné

only 10%,

i

On the basis of this result, and of Hopkins’ maps of the

parameter spaces he studied, 1 concluded that chi-sqhhre testing of

-

symmetrical distrjbutions with reascnable (less tﬂan 4) Kurtosis
coefficients would not be very iﬁ+if;atiue,-and I hédve not condudked
éuch tests on these data.- From Fompir{;on of the Kolmogorou—Smirﬁéu
and chi-square statistics in a different context {(Kaner and Lyons, Note

2>, 1 doubt that a standard Kolmogorov-Smirnov test would be any more

useful when parameters are estimated from the data. Simulatians could
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‘be run to obtain better critical values for. either® test, given minimum

chi-square or minimum Kolmogorov-Smirnov parameter estimation, but by

[

my ci]culétions it would take a few wears of hpple computer time to do
this properly., Instead of spending (I think-wasting) this time, I am
quite satisfied to accept the obtained values of symmetry and Kurtosis

as evidence of reasonable fit to some convolution, and thus to maay

——
™

cenvoiutions, of ]pgistiE and triangular variates. Further, the v

: /

kKurtosis coefficients themselves point cut the key problem, which might
-or might not become evident in a minimum chi-square estimation context: -
the convolution might describe the data acceptably,‘%?d this might bé‘

true even if the logistic variance is restricted to.ﬁ value smaller -

t ! .

than 50 msec2, But it appears that the logistic variance should be *

larger, much larger, than this upper limit. On that basis, I suspect
#hat something is wrong with this dSEél.

\

3.3 Summapy B -

+

A number of patterns in the data are in general agreement with

-

those found in other experiments whose data were well described by

quantal models, M '

-

Eir[y in training, there was an increasing relationship between
.
variance and duration, though it is not clear whether Weber’s Law
provides the correct des¢ription of this re]ationsh}p.»” e
As téaining continued, DG’s variances declined substanti@lly
and are roughly coé;tant_+rom 1500 to 2000 msec. The variance at 20ﬁ0

msec is slightly higher than the final variances at 1500 and 1750 msec,

comparable to that obtained at 1500 msec earlier in training. The

-
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value of q appears ciose¥to S0 across the 1500 to 2000 msec range,

after extended practice.

GHfs variances appear to be roueﬁIy constant from 1300 to 1750
msec thou&h there is\much vartability in performance from session to
session. The variances increase beyond 1750 mseéc, The large changes
in variance from session to session make it difficult to arrive at a
final estimate of q, Past estim;tes in the literature were based on
stable data, which is what q?antal theory. requires. GH’s variances
were not stable. It is not é]ear tﬁft the q estimates obtained are
meaningful.

/ The variances of both ;ubJects are lower than‘ those previously
reporteﬂ;jor long duration synchronization performance, and they are
mu;h lower than we would.expect from discrimination results at simitar
intervals, ?They are higher than those reported by Kristqf%eréon
(1974), Hopkins (1982), and Brewster (1983) for shortep interualé, and
we will see below that they are higher than variances obtained in the
present work at shorter intervals, Therermay be a step in variance
levei's somewhere between 150 and 1500 msec. However, as also found by
Hopkins (1982), a quantal counting theory with a maximum count of 1é
cannot predict this step. If the subjects are counting guanta, they
are ;punting many more than 146 of them. -

- The response distributions of DG and GH aré similariy shaped,
as measured by coef{icié;ts of symmetry and Kurtosis, and the -
coefficients are quite close to those reported'by Hopking (1982), the

only othef source of symmetry and Kurtosis statistics in the

synchrontzation literatyre. The distributions appeab symme tric and
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peaked. They can be described in terms of a convolution of a

trianqular and a logistic'uariable, as also found by HopKins. However,
the variance of the logistic appears to be much larger than it should
be if we are to interpret this ;5 reflecting motor variance:

The basic phenomena: constant and low.variances across a range
of intervals, and.symmetrié distributions with thin tails appear
confirmed in these data, for both subjects. The particular model
suggested, which allows for %wo independent.quantal stages (thg
triangle) and an independent motor compongnt as the only sources of
variability, may not.be correct for these data. If it is not correct

-

for these, given the similarity in shape between these distributions

-
»

and those reported by Hopkins, it may not be correct for the short

synchronization interval performance either.

el



4. Short Auditory Intervais: Experiments 2 and 3

These two experiments involved P1-P2 intervals from 85 to 350
msec. it is difficult to draw a r}gid boundary between the
experiments. Both involved the same subjects. Half of what I call
Experiment 2 was cénducted before Experiment 3, and half was conducted
after it. From the subjects’ point of view, this was one integrated
experiment. I separate them here because of a conceptual difference

be tween them.

T

Experiment 2 dealt with sﬁbjects’ performance in this
paﬁticular variant of the synchronization paradigm when PI-PZ intervals
are short, Put not so short that subjects cannot do the task as
instrﬁcted. it is a control experiment, allowing comparison of
variance leuels‘obtained'witﬁ this procedure to be compared to those
obtained by Kristofferson (1974), Michaels (1977), HopKins (1982;
HopKins and Kristoiferson, 1980) and Brewsten\(1983), who all studied
performance at shert inter&als. Experim}nt'Z was }ntended as a bridge
between the rest of the literature and Experiments 4 and 3, on visual
synchronization. .

Experiment 3 was designed to study synchronization performancé
when the P1-P2 interval is so short that the subject cannot do the task
as instructed. It is generally aicepted that there is an absoltute
minimum reaction time tq a stimulus. Reaction time torauditory stimuli

depends on stimulus intensity. When extremely loud signals are used it

is possibie to obtain mean reactions as short as 105 msec. Based on

’ 143
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- such data, absolute minimum RT has been estimated as 100 to 105 msec
(see Kohfeld, 1981, for a recent review). RT to 2000 Hz, 65 dB stimuli
has been estimated at approximately 150 msec (Kristofferson, 1974).
Presumably, as thé P1-P2 interval is reduced below 150 msec, the
subject will find it ever more difficult to‘respond in synchrony with
P2 if he waits for Pl to signal P2’s imminent occurence. When the
Pi-P2 interval is as short as 100 msec, this should be impossiblé for
‘the subject. Instead, .the subject shouid hauerto start timing from
some event preceding P! in order to respond af the same time. as Pé.
Hopkins (1982) showed that the subject can use his triél
initiation response instead of P! and that this adds no variance to his
respanses it there is no variance in the foreperiod. lh‘the present
situat{oﬁ, the subject may use that response, or.the onset of the {00
msec auditory ;honk', the warning stimulus (WSY which follows the
response almost Tnstantaneously, or he may use the offset of WS. All
of these events are time-locked in this experiment so it islimpossible
to tell wh}ch controls behavior., A1l of these events occur before the
fareperiod, which contains no other events that the subject could use
as a response trigger, and which ends with Pl1, [In the present context,
the most conservative assumption is that if the suﬁject starts timing
from some eveént preceding Pi, he is timing from the offset of the
warning stimﬁlus, rather than from the onset or the iniéiation
response, which precedes it by 100 msec:; To avoid redundant and
awKward constructions below, I will restrict attg;tion to timing from

the offset of WS, ignoring timing from the initiation response and from

a
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WS onset, when considering timing from events receding P1.

The interval between WS and P2 contains a long foreperiod. If
the P1-P2 interval is 100 msec then on average the WS-P2 interval, the
*true® synghrqnization interval if the suybject times from WS, is 1100
ms;c (1000 msec én the PDP-8). This is not too far from the intervals
of Experiment 1; which were as short as 1400 msec. While Experi&ent 1
gives us grounds to question the applicability of discri;ination-based
variance estimatgs to synchronization performance, if w; do follow
Kristofferson’s ¢1980) results and reasoning we should expect timing
variance of practiced subjects to be the same at 1100 méec it is at

1500 msec., The finding of constant variance across the range from 1500

to 2000 msec for DG Chis variance at 1400 was stightly higher, due to

- i

I

T — i .
less practjce at ?hki interval), and of-coniii?t variance from 1500 to
at variance at 1100 msec

1750 msec for GH Iendéigzbdence to the idea
is the same as that obtained with intervals a few hundred msec longer.,

In effect, then, Experiment 3 is another study of long duration )
synchronization pirformaqce, with intervals which ﬁay be in the same.
range, so far as Qariance is concerned,.és those of Experiment 1. The
Key difference between Experiment | and Experiment 3 lies in the
.instructions to the subject. In Experiment I, the subjects Knew they
were timing long intervals. In Experiment 3, the subjects knew they
were supposed to be timing short intervals,

In Experiment 1, DG’s variances averaged about 500 msec?,

GH’s variances were higher, as were those reported by Kristoffer509

(1978) for Jong intervals. DG‘s lowest variances were just above 300

msec2, Variances at shorter intervals are typically smaller.
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Kristofferson (127&) and Brewster (1983), who used Kristofferson‘s

-
|

procedure, usually obtained variances between 100 and 200 msec2.

(One of Brewster’s three subject’s variances generally exceeded 200
msec2). Under Hopkins’ (1982) procedure, uariancés were lower

still. Michaels 61977)‘reported higher variances, generally between
400 and 1000 msec2, but his subjects were less pracfi d and his
feedback stimuli dif?ered substantially from those used in other work.
As will be seen shortly, éhe short duration variances from Experiment 2
were about 200 msec2. These are larger than most previous results,

but they are still substantially smaller than the variances of-
Experiment 1.

It appears that there is one variance level for synchronization
intervals from 150 to S50 msec, the exact value depending on procedural
details, and a different level for intervals fanging from 1500 to 2000.
ﬁsec. "We might suppose that somewhere between 550 and 1500 msec there
is a stepwise variance increase, just as steps were found in
discrimination performance, If variances are c;nstant'écross these two
ranges, it seems unlikely that variability would increase smoothly
between 350 and 1500 msec. A stepwise increase seems more plausible,
It’s not‘clear th there shouid be a step, however. Kristofferson’s
(1980) quantal counting hypothesis accoﬁnted_ior steps in
discrimination pérformanca by assumiﬁg a maximum count of 1é quanta,
but this maximum does not appiy to synchronization. We could entertain
a similar notion for synchronization, with a different maximum count,

but why shouid the maxima differ across tasks?

One hypothesis about the difference at short and at Tonger
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intervals makes no reference to a quantal mechanism or to any {
fundamental internal limitations Perhaps the difference reflects
different expectations on the pJ;QDOf subjects about how variable theirp
responsqg/ishould be® at short'and:at 16nger durations. There is a
\EQETN|expectation tﬁat measurements of bié things will be more
uariibtiﬁihan measurements of small things. In many psychology courses

it is routinely stated that internal measures of big-thiﬁgs, i.e.

perceptions of large maghitide stimuii, are more variable than itgrnal

measures of small things. The subjects gf synchronization. (and manyhj\ﬂ

other long term) experimentsgare rarely newcomers to psychaology, or™to

%

this type of thinking. With particular reference to this experiment,
different subjects uolunt;ered the 'explahation' for thefnbuiously
higher variances at IOEEJjntéruais that timing of longer intervails
shoulid be more uariablgjthan timing of shorter ones because th; long
intervals are longer (i:e. bigger) than the shorter ones, so_gi coursg
the variances will be greater, - :
I will not attempt to detail a psychological model relating
expectation and performance IeuQISJ J suppose that people have
internal standards about what they consider to be accepjable levels of
accuracy in their work, that those standards may vary across tasks, and
in particular that larqfr synchfonization errors might be considered
more acceptable when .the iﬁterual is long than when it is short. 1If
so, asymptotic performance at Idngér intervals might be less accurate
> .
and more variable simply because the subjects are satisfied that this
performance is fairiy good, whereas at short intervals the subjects

»

might try artbit harder to do better,

]
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The subjects of Experimpnt 3 Jearned in Experiment 2 that small

-

chapges in the PI~P2 . interval had no effect on their variance., This is
what they saw in printouts of their own performance, for many sessioﬁs.
In Experiment 3, I simply made further small changes in their P1-P2

intervals, reducing them in steps of 5 msec toward 100 msec and below.

oy

This should not have led subjects to expect and accept higher uariankes Y

in the same way that increasing the interval in big steps to 1500 msec

might, . . ‘WH#_J//////

From the subpject’s point ofﬁ@iew, Experiment 3 involved a range\

om B85 to 200'h5ec. Given that the subjects cannot use

of intervals
‘Pl as a response trigger when the P1-P2 interval is very short, the

actual range of synchronization intervals was probably closer to 130 -

1150 msec,-ﬁith a steep shift somewhere between P1-P2 intervals of 83 i

vy

and 150 msec. But this manipulation was not obvious to the subjects. . //“*ﬂ“
. ) : . /
1¥ variances are higher at long intervals because subpfcts expect long
!
interval ¥riances to be higher, or due to other simj cognitive

factors, then we should expect variances from 85 to 200 msec {(that is,

150 to 1150 msec) to be constantJ) Alternatively,.if some internal

!

constraints limit accuracy and consistency as stimulus duratien

increases, we should :fL an increasé\in uarianée across this range, to
a level compamable to that obtatned_rdn GH or DG. N T
‘ In sum, my plan for Experiment 3 was to study‘synchronization .
at long intervals that :L; subjects thought were short intervals, ‘
avoiding the effects of any biases that the subjects might have about -
how good performance should or can be at long inte;uals. iiﬁraé?
1t would be inaccurate to say that the subjects were tofﬁily e T
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unaware that they relied more and more on WS as P1-P2 was decteased.
They volunteered that they did this, They a?so/complained tha{ the
task was gettjng_mérp and more difficult as éhe interval was reduced.
_l‘commisserated with them, complimented them on their efforts, asked
hem'tp please rely on P1 as much as possible, rather than on WS,

reed {hat they might need more practice before variances at 100 mséc
matched\those at 200, and ai&ed tq‘? to Keep trying. The subJects were
aware that they relied somewhat on US, and that the task was difficuit,
but theyftrred very hard, extreme]y hard to obtain the same variances
at 100 msec as they produced at 150 to- 200 msec. On this basis, I
think is w;g\i_suc:essful manipuiation of their expécfations'about
variance levels, and 1 think that they tooK the idea that they migﬁt

v - « - . :
achieve very low variances at what were in fact long intervais much

more seriously than did D6 and GH. '

. q -
4,1 Method ) . .\\\\
- 8
- S — ;i Al y
4,i.1 Subjects . \ : .
'\ﬁ’: A A

Four subjects g;abted in this experfment: RW, JB, KC and KF.
KC had just completed her first vear as an undergradvate. RW was a
male graduate student studying psycholog{. JB and KF were senior male

undergraduates, interested in, butlgot majors in, psychology. These .

subjects were somewhat less familiar /ﬂth the timing literature than

the subjects of Experiments 1, 4 and 5. Excepting RW, I think xhgy

~

were almost completely unfamiliar h it Excepting ) ibny had

.

participated in significantly fewerIpsychologicai'experiments than the

subjects of the other [experiments,
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Onty RW and JB Copleted the experiments. KF left the
o \
_experiment shortly dfter he dropped out of the university. KC left the
experiment at my request, After 74 sessions, her variances were.still
TT——

quite high, her response dlstrlbutlons were‘%kewed, and there were many

extreme responses. The*e was no apparent trend toward |mprouepent 1

reluctantly concluded that her data would not provide a gsefu] basis

for comparison with long augitory or shor 'ufsual results, thepaint of
&

. /
Experiment 2. Further, since sﬁ;\uxg,p

leuels at 200 msec, it appeared pointless to Yook for lowswariances at

le to achieve low variance

shorter intervals, the goal of Experiment 3. In the context ‘of these

experiments, KC’s data appeared uninterpretable, s0 1 stopped’

collecting tﬁem._//

4.1.2 Procedure ‘ _ ‘ : , :

The general procg@ure was described in Chapter 2, Some further
information on iqstructions‘}n Experiﬁent 3, has already been noted in
this chaptéf. JB and KF started at 208 msec, whiI; R add KC started
at a 1350 msec P1-P2 interval. KC found 150 msee extremely short and
difticult. 1 switched her interval to 200 msec after ? sessions. She
stayved at this interval until she left the experiment.

RW, JBrsnd KF scanned the range from 150 to 200 msec. I then
started Experiment 3, reducing the P1-P2 iqter?al to 300 msec, in\steps

¥

of 5msec.  KF left during the scan down to 100 msec, leaving RW and

. -
JB in the experiment. RW completed the first part of these experimJ:}s
much‘earl?hi/tﬁan the other subjacts and wasJaua}lable to-partitipate

in more sessions than the others., '‘After a few sessions at 100 msec I
R : -
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brought his interval back to 150 msec to check that performance at such

[

short intervals had no deleterious effects on performance at*longer

= >

onés. Tﬁ;re appeared to be no probiem, and h;s interval was again
J . ' e
reduced to 100 msec, in steps of 5 msec. Béth subjects practiced

extensively at 100 msec and less extensively at shorter intervals,

—

After this, 1 brought the interval back to 150 msec, ending Experiment
3, arld cqnfinued.increasing it, to 350 msec, with extended training’at "
300 msec, as the final part of Experiment 2, and mainly, as preparation

- . . Ay
for Experiment 5, in which the subjects were to transfer %o visual

synchronization. (RW actually did trqns+ef; JB, who had left the

university by this point, decided to stop at the end of Experiment 2.)

p

The' exact schedules for all subjects, and various summary

" L. .
statistics for each session, are listed in Appendix 1. JB’s and RW's

schedules,also appear visually in numerous figures below.
™

" 4.2 Results
TN o
As noted above, KC%s results were poor. There is not much else
to”say,about ?hem, and they will not be discussed furthe}. KF’s
.performance was excellent but he left after only 82 sessions, during)
the early stages of the scan down to 100 msec. It abpeared that his
results would parallel those of RW, ;rhaps.with lower variances. ¢
Unfortunatefy, there is not enuuéh data for any firm conclusions, sé
his data will also be set aside, The tab{es in Appendix 1 list various
siatistiks uf’each'sessinn’s data for 3% subjects, inciuding KF and
‘~4§C. “The reader who wishes to compare their_per+orma;ce to RW and Jg;gf

- .
) =~ \

n
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will find sufficient information in these tables to construct the same
tvpes of graphs and summary tables for. these subjec*s as .hose

N -~ .

pre;ented below for RW and JB:

-

4.2.1 Latencies

Figures 2.1 (RW) and 7.2 (JB) show the relationship between
synchronization latency (uppéf panel) and P1-P2 interval (lower panel)
for each subject for each session. The Eelationship in each case is
tinear. Bot& subJeEts were typically able to produce mean.iatencies
within 10.msec of {he'Pl-Pz interval, even at the very short intervals.

-~
. 4.2.2 Variances -

Figures 8.1 and 8.2 show RW’s and JB’s variances for each
session. The middle panels again show P1-P2Z intervals. The lower
panels show the mean foreperiod durations, which indicate whicﬁ
computer was used.&hnn. Performance was better when the experiments
were controlled by the Apple, but this appears to Se natural
improvement with practice. 'Th;re is no abrupt transition due to the

- . -

change in. the equipment.

~

Tables 4.1 (RW) and 4.2 (JB) Eiue averaged variances, q'
- estimates, shape statistics and correlation coefficients for each

-

subject across the "practiced" intervals, the intervals at which the

] )
subjects spent iwo or more consecutive sessions. As in Table I, if the
-subJects spent more than 35 sessions ai{ an interval, only the last' 5

were included in averaging.4

“The tables list bhe same types of statistics twice for each
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:::> FIGURE 7
= o - o b

Upper panei: Me sYnchronization latencies (relative to PL), in

milliseconds, of eath session, .
. N
o /

Lower panel: P1-P2 intervals (msec) of éach session.

N

Figure 7.1: Subject RW. Figure 7.2: Subject JB. . °
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FIGURE 8

Al
_ Upper panel: Response latency (from P1) variances, in msec2, of
each session, Note that there are two lines at the top of the panel.
Variances shown as extending to the topmost line were too large to
represent accurately on this scale. For exact values, Qee Appendix‘l.

r

Middle panel: synchronization interué]s, in milliseconds, of each

session.

~ -

Lower panel:' Mean foreperiad duration, in msec, of esach session. The
Iy

means were approxlmate]y 700 msec when the POP-8 control]ed sessions

and 1000 msec when the Apple controlled sessions. Gaps in the figure

\ostensnbly 800 msec means) are due to lost raw data, maklng

ca]culatton 0of the sessions’ mean foreper|od duratlons |mp0555ble.

-0
v

Fiqure 8.1;% Subject RW. Figure 8.2: Subject JB.

' - - 4

~
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TABLE 4

Mean within-session variances (msec2), g estimates (msec). and

-coefficients of symmetry (ROOT.B1), .Kurtosis (B2), and correlation

betweeﬁ'response latency and foreperiod duration. Only data from

intervals at which the subject spend two or more conmsecutive sessions

were averaged for this table. The averages are based on the Iggt five

3
sessions at the interval before the suiJect was transferred to }ps\\ ,

next, or, if there were fewer than five, on all cessions at the

interval.4

Table 4.1: Subject RW. Table 4.2: Subject JB.

"~

£y
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SUMMARY STATISTICS FOR JB AUDITORY
RESPONSE LATENCY MEASURED FROM P1
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3.59
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grouprof sessions., The upper section of each table gives statistics

computed on latencies measured from P1. The lowér~—séction of each
I a

; L
table gives statistics computed on latencies teasured from WS, T

distinction between latency from WS and latency fra;‘El '

/ R —

one for comprehension of the rest of this chapter. Here is a

itical

numerical examp}e. Suppose that in a given trial the foreperiad is'950
msec, the P1-P2 interval is 100 msec, and the response accurs 10 msec
after P2. 1f we measure the latency from Pl, it is 110 mesec. 14 we
measure the latency from the offset of the warning stimulus, it is 1040

msec. The difference between ~two values is that the #oreperiod

duration (here, 0 msec)/is added‘to the latency as measured from P! f

(110 msec) to give us the Jatency fr 040 msec),

The fofeperde duration is random, geofetrically distributed.
Many of the statistics of the latencies should differ s
depending on whether the subject is timing from WS or from P

-

point, ! will focus on the vafiances. The variance of the foreperiod

]

is, théuretically and on average, 90 mséca. The actual uari;nces
ﬁer session are listed in Appendix 1.

- 1§, the subject is timiﬁb from P1, his performance should be
unaffected by the foreperiod duration and foreperiod variability should
le show up in the uariaﬁce of latencies measured from P1. Hopkins
(1982) demonstrated this empirically for uniformly distributed
foreperiods with a 33 msec2 variance. If thé sUSJect is tiﬁing
from P! and we measure his latency from WS, we add an independent
source of variance to his responses. .On auerage; tﬁe variances -

Al

measured from WS should be 90 msecg larger than those measured from

4

.
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Now suppose thert the subJect is timing from WS, l{-the;auerage
foreperlod |s 1000 msec and th@ Pl P2 interval is 100 mse the-subft;t&,,ﬂ
waits foi an average 1100 msec after Wws Before responding. The

) ponsghfg"time-locked to WS, independent of,the time of P1, which —~

ncégﬁs~too Tate to infiuence the response. Aslusual for{
synchronization latencfes, the distribution of latencies as measuyred
from WS should be symme}ﬁicat and highly peéked. Latencies as measured
from Pl should neot lTook 1like this howéuar. 1f the subject times from
WS and we measure latency from P1, we are gubtractlng a geometm
variate (the foreperlod duratlon) from tha waiting tlmes generatedwby
the subject. The latencies from P1 should, in this case, be more
variable than those measured from WS, again by %0 msec?2,

These are not the only two ways that the subjects could perform
the taék, though these alternatives do describe the two response
strateqgies ogiained by HopkKins (1982) i{’wg repkace “timing from WS*~

with "timing from the initiation response® in his case. I will very
-

"~ briefly consider some alternative models later, after showing that in "

fact the subjects did not time exclusively froh WS, ignoring Pi, even
when the P1-P2 interval was less than 105 msec. For now 1 will ——
consider only these two alternatiues. They are the clearest ones, I°

F

consndered them the most liKely, and I want to make sure that they are

understood be%ore rejecting them;
Table 5 briefly characterizes the distributions that we should
!

obtain under these two strategies, depending on whether we measure

latencies from WS or from P1. Supporting derivations are given in
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.~ Appendix 2. Numerical values and formulae are presented in the text as
—_— | N

they are “needed.

—
7
Table &
Response Distributions if Timing is From WS or Fraom Pi
Latency
Measured The Subject Times from:
From: -
us P1
W5 ¢ Low variance Higher variance
Symmetricale Positively skKewed
Low Kurtosis \\ Higher kurtosis™
/ i No correlation between ‘ Positive correlation
latency and forepqriod between latency and
duration foreperiod duration
P1 Higher variance - Low variance
" Negatively skewe , Symme trical
Higher kurtosi:// Low Kurtosis
Negative corpétation No conrela;}pn be tween
between lateficy and iatency and/tforegeriod
. foreperiog/duration
! N
4.2.2.1 Fxperiment 2 Variances .
,_’_/’“- -
~ When P1-P2 intervals are 158 msec or longer, the variances of

latencies measured from WS are substantially targer than those of

™ L - v -
latencies measured fran’ﬁ, The differences are not exactly 90

mseca, indicatrag some effecdt of the foreperiod even when the

intervals afe as long as 300 msec, RW’s differences are larger than $0

A

msece, which we wouldijxpect if foreperiod duration and latency

from Pl were positively corréiated, which they are. JB’s differences
L T » . .

are smaller than 90 msec2, reflecting a negative correlation

s

between laiency from P! and foreperiod duration across the range. 1711}

return to the corr@lations later. They are consistent, and they are

-
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larger than those obigined from DG and GH, but they are not very large, .
‘especially in the ﬁfnaJ ascendlng series, whlch reflects theﬁmost
practiced an? best performance For now, I will set aside these small

correlations. ©
From Ii{hto 200 msec, at which both subjects practiced most
rl

extensively, final variances were generally between 150 and 200

msec2, - At téb longer |nteruals y they were |n:t|;7]y larger but
2 with practice the variances of both subjects at 300 msec dropped to 200
1 mﬁeca. These are much higher than Hopkins’ variances, They are
&) slfghtly Targer than those réported by Kristofferson (1974) and than
. the results from two of Brewster’s (1983) three subjects. R

Kristofferson, Brewster and [ all used,lUOﬁ ﬁsec for;periods. Hoﬁkins’
foreperiods were an order of magnitude smallere In simple reaction
time,;ggort fonepériods leaﬂ‘to faster‘and 1cwer uér}ance reactionsJ
thanilong foﬁeperiods (see Niemi and Naatapen’s, 1981 reuiew): Perhaps )
ghts is at the root ~of the différence between HOkanS- rg;ulfs and the -
others, lncludlng the present ones. As to the difference betdf;n the &
preseﬁt resu]téiand those of Brewster and Kristofferson, their ‘ ﬁ\\VL’ J
foreperiods did not uaty.: The small foreperiod = latency cprrelations = .

in-RW and JB‘s data indicate that foreperiod varjapility has some

effect on their performance and that they are not always simply timingb;
v o

A

from P1. It is impossible to tell whether B;ewsger’s and ,[“\
b Y~ - . /Z;\
— KristoffersoH}?*SUbJects alwars timed from P1. Since all stimulus / ;
/‘(” b -\' ‘—() T -
’ events in their experimehts were fully time-locked.to each oth T

[ -

y .
httf“iﬁxfts |qyéfrutegy from trial 4o tr1al may have E‘ékn impact on
-,ugrlanvrq 1 suspect that the relatively h:gh foreperlod uarlancg in

R - # -~ ! : A

_; 7 Fovit’ ?‘ . ' ] Q',. ST ‘e ) -.?. % oo
e - S P N . o

. s . . 1' L ]

‘.-f \‘ ;“ . . ‘ A. -, '-‘rn’ ‘.\\\-..(,
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the presént case.is the main contributing factor to the difference in

uaruancé between RW, JB and the subjects of Krtsto*ferson s and ) ;T

C= ' Ty
Brewster‘s research. 7

4,2.2.2 éxperiment 3 Variances
As the P1-P2 interval was reduced, variances increased and -

sizable negative correl;tions weré obtained between resﬁonse latency as

measured from Pl and fore#eriod duration, indicating an-increasinély *

important role for the warning stimulus. The correlations do not -

approach -1-.0, which would indicate perfect and nonvariable timjng from

<!

WS rather than from P1, but since there is '{iming variance the
correlations should not be -1 when subjects time from WS. A formuia
and examples of eipected values for the correlations will appear in the

next sectjon. For now, it suffices to say that the correlationé_are

ative at . short interval ,.lé*ger than thoselobtained at slightly

'longéﬁ integua[s, and that this is the'general pattern we should expect

if WS e:/ntually“takes over as the stimulus controiling behau:or as

& . P1-P2 shrin#s, i . |

L ' Examininqqthe variances, RW‘’s and JB’s variances at 100 msec
a ] .

. P ) o o

are actually smaller when\liﬁ%ggits are measured. from P1 than when they Y
are measured from WS. Th:Idlfference is not very large but it is in a e

surprrsnng drf’ityén. It suggests that the respanse latencses are more

heauuly determlqhs)by the time of P1 than by the t)m{/o+ us even when

. ' (-
_. P1-P2 is 2 mere ‘100 msec. - L .
. N ; .

: . =
. Huwevqr we measure the‘!atenciqs at lﬁﬂ msec‘_Ja’s and A’s ! :
' - L ag <
varianc dec]:ned to- abou¥ 300 rnsica after much prac&:ce._«Thrs £ P .
' SR e S~ Ae-
- . - \ [ 1 ’ . p——
) . « - A
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about 200 msec?2 better than DG’s performance. Variances at P1-P2

intervals of 100 msec, which should be variances at synchronization

-

2
intervals of 1100 msec, are substantially Tower than those obtaipéd at

"1500 msec. RW’s variances are comparable'td his performance at 300
i - 5
5
Both subjects worked with shorter intervals thdn 100 msec,

msecC.

though they did aot practice at these intervals asJguch as they did at

100 msec. At 90 msec, RW’s variances as measured from P finally took
on larger values than his variances measured from WS, suggesting that
the time sipce WS was a more important determinant of his response

_latencies than the time of P1, Even at 85 ﬁsec, though, his variances

were smaller than those obtained in Experiment i. uhether we measure

.

latenCIes from P1 or from WS, tﬁf variances are definitely greater than .
i )

those he produce t longer |nterva}s. Y

L

1 the subyects were timing from WS and were ignoring Pl, as
did Hopkins’ visual synchronization subjocts;“;htse 10w variances would
indicate that at synchronizagion interua]s'as tong as 1100 msec,
varignces even lower than DG’s at 1400 and féao msec can be obtained.
. The/var:ances are 1arger :har those obtained in Experlment 2. Thts
L couf; be |ﬁT3rpreted\:s suggestang that uarlances at 1100 msec are
intermediate toc those we should expect at 150 - 550 msec and at 1500 - P

-

2000 msec, or it could be |nterpreted as suggest:ng that the variances
Y . -~

obtained at 1500 msec. from OG and GH cou]d be improved upon if they

<i}£2§:sc¢4ced funther or if theit expectaYﬁEFé in t;:A¥;§5 were changed.

However, nt appears that the subJects did not \base Eyeur responses

P \/_
- exclusively on the time since WS, even when thq\Pl P2 interval was as
’ . A 'S
- - N ,
& N < -i ‘v . - .l L]
r ) . )
L 4 h.‘ _".' ‘r . - L4 B
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“short as B85 msec. Presumabiy, some of the responses were reactions to

» ]

~ P1 and some were based on the time since WS. ‘}?“simp]e reactions are

less variable than long interval synchronizations, the intermediate

- variance obtained might be due to a mixture of a high uariangf and a

S

. . o~
iower variance distribution. Under that view, it could be argued that \\,/)

internal timing variance at 1100 msec might indeed be the same as that
-~ *
at 1300 - 2000 msec. I will return to this notion, an?higjzixture

hypotheses, below.
4.3 Corretations Between Response Latency and Foreperiod Duration
Figures 2.1 and 9.2 present RW’s and JB’s correlations for each
session. The upper paneis show the correlation between foreperiod
duration and response latency as measured~¥rom the warning stimulus.

N
The middle panels show the correlation between foreperiod duration and

tatency as measured from Pi. The bottom paﬁel again shows the P1-P2

interval,

1f the subject bases his response exclusively on the time since

Pf, and if we measure response latency since Pﬂ, or if he bases his

responselexclusiue1y from the time gince‘us, and we measure latencies
, A 1 4
from WS, then the correlatiop between latency and foreperiod duration

should be zero. What shouyld the correlations be if the subject times

{rom'PI ‘and we measure latency from HS or if the subject times from WS

2hd we measure the latency from P17 -
~ ’ /

A brief deriuatidn'of the population correlation values is

giuen})nléppendix 2. ‘{izymagnitudes are-the same in both cases, and

they depend on th- rela *ue,uarianc?%o;\¥h§\jiTing distribution
. ) e A\

L S

o . J
i - d - B ||’ R .

\

/
/
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FIGURE ¢

Upper panel: Correlation between response latency <from W) and
foreperiod duration for each session. Correlations extending to the

topmost line of the figure were too large to represent accurately at

this scale, For éxact values, see Appendix 1.

P \
RN

Middie panel§ Correlatiaon between response latency (from P1) .and

foreperiod duration for each session.

~ey

) g - -ngi ;ess:ops raw data were lost and correlations couid not be
. . , .
) calculated. No valyes areprQiigg for these sessions. They are

indicated by 'gapQ in the figures (sometimes most easily seen as breaks

in the top lines of the figures.)

——

Lower panel: synchronization intervals, in miiliseconq§, of each *

rl

session. : : o
\/ *

Figure 9.1: Subject RW. Figure 9.2: Subject JB.
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(unknown) and the foreperiod distribution (90 msec2). Let C be the

population correlation coefficient and let VT and UF be the timing

|

(including motor variance) and foreperiod variances respectively. The

magnitude of the correlation is given by:

Absolute Value of C = VF

1f the subject is timing from WS and we measure latency from P1, C is
‘negative. 14 the subject times from P! and we measure latency from WS,

£ is positidé. Table & presents some sample correiation magnitudes,

-

UT+VF

for compariéon with the statistics reported in Yables 4.1 and 4.2.
. it

-

J Variance

Consider first the dat&\gf Experiment 2, i.e. the results from )

100
125
150
175
200
225

230

200
500
730

msec?2
msem2
msec2
mseca
msec?
msec?
msec2
msec?2
msec?
mgec2

Taﬁl

e é

-~

s )

Correlation (Absoiute Value)

. 688
. 647
.812
.o83
« 357
.533
314
.480
. 391
.327

Expected Correlations as a Function of Timing Uarisﬁéf‘-~

‘150 to 350 msec.—lIn RW’s case, the correlations between latency (from

P1} and the foreperiod are small bu't positive. The corpelationsr

“be tween latency measured from WS and foreperiod duration .are quite

targe, geaerijly Yarger than .30 aqg oft

« 4. UWhile"there seems to be some effect of the 4o

e

-

-\

Al

£

reperiod on the

’

)]

o~
en Varger than .40 (see Table

T
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N -

latencies, the responses are mainly determined by the time of P1.

In JB“s case, there are negative correlations between latency
from Pl and foreperiod duration across the range. {1 should note %hat
the final f{ue session auerage'correlétion at 306 msec, of -.14, is
stronger than the value obtiined during mostﬁséssions at 300 msec. See

’

Appendix 1°s liBtings.) 14 we examine correlations between foreperigp

duration and latency measured from Pi, from 150 to 350 msec these are

—~typically large and positive, always exceeding .40 and usually’

5

exceeding .30. They are smail 'r than thq\correlations obtained from RW

and they are smaller than we would expect if JB timed exclusively from

.

P1, since his response latency variances are generally around 200
.msec2 or less, There is some indicatign of a consistent effect of
the foreperfod duration on latency, but it is not a very sizeable

effect.- . -

- 4

Now tet us examine the data in:thegéﬁ to 100 msec P1-P2

interval range. The variances are larger here, but from Table & we
should still expect to find correlations of at least -.45 between -

foreperiod duration and latency measured from P! and and we should
——

expect to find heg]igib]e correlations between the foreperiod and
r—_J¥
latencies measured from WS. That is, this is what we should expect to

find if the subject times exclusiuely-frog WS. These expectations are
7 ' .

the mirror image onzhose of Experiment 2. We Know from Experiment 2
. : o

that such torrelation madnétudes are not merely hypothetical. The,

right correlations were obtained, at least'approximaie}y; for intervals
¥ - '

2 ”‘H__*“___ffﬁonger than 130 msec. E fning the Experiment 3 (esulfs, the
- - .
- ~ . 1

X

t -

cornelatioqi\iitween laten, ¥y (from WS) and foreperiod duration do not *
- ! - -
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-
drop to zero., Nor do they drop to levels comparable to the
correlations between foreperiod and latency from Pl obtained in

™,

Experiment 2. There are consistent positive correlationg)between

-~
-

foreperiod and latency (from WS) even when P1~P2 is BSFhsec. At an
interval of 100 msec, the correlaiﬁons are fairly large, .35 for RW and
.37 fdr JB. The correiations between foreperiod duration and tatency
from P1 are negative but they are too weak. -ﬁu’s values reached -.40,
bu@ JB’s didn“t even reach ;.20.

The correlations betwsen latency from Pi and foreperiod'
duration are too weak and those between Iu}enc? from WS and the
foreperiod are too strong for me to accept:thé hypothesis that when the
P1-P2 interval is very §?ort the subject will time an interval- from WS
and will respond exclusively on that basis. The time of‘Pl appears %o
play an important role in the subject’s behavior, even when the P1-P2

interval is as short as 85 msec. - ’ N

-

It seems that to describe iﬂis behavior we need a model that
-gives both WS and P! a role in determining the time of the sg&iect’g_
responsé. There are models of this claés for simple reaction time,_
developed because subjects’ reac;ion'times are correlated with the
du?ation of the foreperiod preceding preseptation of the stimulus.

Niemi and Naatanen (1981) review that uery‘éxtensiue !iteratu?e,in

1
- detail. One line of work within that literature led to the development .

of the synchronization procedure. Rather thanLjnstructing their
subjects to respond as soon Iﬁdyhey perceiueﬂla stimuius, some
experimenters instructed their subjects to respond at some time, or

S,

within fome narrow range of times, after that stimulus. Thr;-line of

A

b
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~—

\

worK includes research by Snodgrass (194%, Snodgrass et. al., 1947,

Naatanen et. al. (1974), and Saslow (1974). Kristofferson (1974)

-
reviewed the relationship between synchronization as a prpcedhre for

studying timing and synchronization as a procedure for studying

-

reaction time. “Further discussion can be found in Hopkins and

- -

Kristofferson (1980) and Hopkins (1982). 4
. ’ ’ =
I am reluctant to venture into that literature in any great

detail here. Detailed consideratfon of the microstructure of reaction
‘ time per se s beyond the scope of ‘the present work (and of the matin
stream of my research interests). Extensive further empirical work
would be required’in the development of a satisfactory model for data
sucﬁ as these: there is not an appropriate mbdel extant in the RT
literature'. As an exam?le of the difficulties, and of wh;t apppared to

be a very proﬁising idea} consider the following approach, suggested by

u\ Kornblum (1973; see also ONma Billington, 1972).
' \ In a reaction time taé{<hthe squect’s‘go€1 is to respond as
soon as possible after the preée tation of the reaction stimulus

{anaiogous to Pl when the P1-P2 interval is extremely short). If he

] ~

. .
waits until he perceives P1 before responding, he will respond some

time after P1, because of afferent ‘and e++erent>dgﬁays? Al ternatively,

he could use the warning stimulus. (Niemi and Naatanen, 1981, make an

effective argume?t that there is always some stimulus in RT situations

that the subject-can use as a warning stimulus. Usuallzljxhe .

ﬁ\\ experiﬁenter provides an explicit ohe, to prepare the subject to

= : - iy

“ respond.) ' If the subject Knows that the'reaction stimulus will occur
— =, { .

D . ' _
?Egh msec after WS, he can time §q interval ¥rom WS and at some point

. . ~ A . k
L : . -



- 176

after WS offset he can ipitiate a response which should\Pe completed

Just as Pl is bresented. 14 he could time the required interval
perfectly, and if thefe is noluaqiance in the forepeﬁﬁpd, he could
produce any apparent reaction time desired. Subjects"lﬁming is not
variance ?ree, however, and foreperiods are oftenAuariable. If the “2

subject tries to appear to have too short a reaction time, his

responses will sometimes precede the reaction stimulus, reuea]ind’the ﬁ'

~ Sstrategy. UWith practice and feedback from the experimenter that

ot e

discourages early responding, the experienced subject may refine the

LY

strategy, trying to respond a bit later, at a point when. the résponse

—

can always or a]mpét always be expected to occur after Pl, but not much_

after P1, For example, ratheﬂ'thaﬁ trying to respond 1000 msec after

WS, if P1 never, follows WS by more than .1050.msec, the subject might

. try to ne*d 1050 msec after WS even though this would rvield some

late reaqf\?ns it Pl nccq?é much earlier than this.® Now suppose,
that the subjéct uses this strategy -but on one triail, whil; waiting out
the 10350 mseé, P1 is J;esented 900‘msec after WS. There’s no poiﬁt
waiting another 150 msec® The-subject should respoﬁd immediately
instead. ' "

Unaer Kornblum’s anali:i:. if the foreperiod is variabie, wk

should expeét twé types of response triggers,. The subject generates a

" criterion ‘interval internally, initiating the résponse at the end of

this interval if he has not initiated the response alreadr. 1f Pl is

|
perceive efore the internal interval ends, he responds immediately to

-

that stimulug insﬁead.‘;@‘*\\~ﬁ

1 e .
Kornbl ‘s hypothesis i% quite sipitsg f;\kfﬂstofferson’s

\

AN
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. 1 ’ ~
€1977) theory ¥ discrimination performance. In that case, the sub!tct

generates a criterion interval and_decides whether 2 stimulus interval
is long or short on ?FE basis of which ends first, the criterion or the
stimulus, Tﬁe criterion ca@,he studied by asKing the subject to
respond as %Lon as he can, kristo++erson found that "long® responses
(arising when the criterioQ ends before the étimulus)'ﬁere timE*lcckéd
to the stimulus initiating the interval.(analogous to WSy, 'Short'-
responses were time-locked to the offset of thelstimuius interval

- -

(analogous to reactions to P1). In the reaction time situation, the
- .

subject is not required to make a discriminatory response, but he is

'reqqired to speed the response that he does makKe and under Kohnblum’;:>

model the baéis of the response is the same as.-in the discrimination

setting. The subject responds as soon as the criterion interval ends

kl

Qr as soon as he perceives the end & the interval between WS and the

.~ -

reaction stimulus (by detecting P1), whichever comes first,
1 the subject does the task this way, we should stiil see a

negative correlation between respoﬁse latency and foreperiod duration.

s 3

- . /
Kornblum“s model was explicitly designed, as was Ol1lman and

Bj]fington’s (1972), to explain this correlation. I the foreperiod is

long, Pl will be.delayed relative to. the end of WS. The subject’s

response, based on the time since'ws, will be early relative to the
time of P1. If the fareperiod is shoqt, tﬁe subject will respond to PI
itself. Since tnetggPJect will a}ways respond to Pl if he perceives it
before the criterion interval ends, hi;\:esponses to P! should never
have a smprter latency {measured from Pi)> tham his responses based on

the end of the criterion interval. There may be a few exceptions due

-

. . " ~

o N T

3



o | ' 178

WM - ' . '
5. to motor and timing uaria:ﬁ%@fy but in general responées triggered by

P1 should occur later, reTative to P1, than responses triggered by a
riterion interval folloing WS. The longer fhe-forepeﬁiod the earlier
b -

. ' .‘ ) ) .\_\ﬂ

the responses triggered by this interval will be, relativetui P1,
"
) L

egative

J?:terdal,

to it shou]d be approximately constant. Across the

correlation, Yhen Pl occums ;Lfore the end of the crite

the resgpﬂée ti

range—of foreper:o s ovepr whlch P1 wuli geeur before the end of the

rS

'1nteru€1, response laten

and foreperiod durqtlonrshould be

-

uncorrelated. Combining these iaténcies with the negatively corkflated

e

latencies tithe-locked to WS, we should obtain a smaller correlation

e

than would be obtained if all o¥f tﬁes subje& ré‘sT:c;nses were

timj?¥DCKEd to WS. The }xact correlation wil) depend on the variance

aﬁdJranggrof the foreperiod, ¥fie viriance of the subject’; tritérion,
. and the ﬁean'o{.the criterion. Whateyer the exact value s, howeﬁer;

it should never be positive.

-
i

Kbrthum's'hypotheéis-apbears plausible as an explanation of

JB’s and RW‘s relatluely tow cnrrelations betweerl foreperiocd duratlon

.
upwards, RW’s currelatlons are neither negative nor zero., They are. .
pwards, at .

" . - 3

positive:- Is a different mechanism responsible for RN'? small positive
S - .

and - latency from Pl for very short intervals. But from 1&0 msec Hh_;j) - -

N -

correlations at loﬁger interuals than thét responsible for his small

egaS|ue ones at sho;¥er intervals? Perhaps. But-if so, and lf

hqh‘\\gt’/ﬁEBFnﬁlum 5 model descrlbes the mechannsm underlylng the ‘negative

correlationsy this. igponly hal{ of the story for these data. Given, -

}- T
that RW’s correlations appear to vary continuously as the_Pl-PZ
~ "I ) N . ' . . % )
° . -

v R . . . —
. o
1 . . . -
. . .~ . ) .

&

: .
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tnterval 1s changed (see Figure %.1) a compiete model would in this
case requ;re specification of a slow transition from one mechaniem to
another that iaduces positive correlations, and would include a range
of P1-P2 intervals over which both mechanisms or strategies were
operative in the same sessions.

A further difficulty posed by the present data that is not
escaped by Kornblum’s modgl lies with the actual reaction times
obtained. Suppose that some o+ the subject’s responses are in fact
simple reaction'respdnses to Pl. These should take a long time
relative to an 835 msec P!-P2 interval, Yet RW’s longest mean response
time when the interval was 85 msec was 9! msec, and means shorter than
B85 msec, such as B2 msec, were also obtained. None of RW's latencies
(from P1)> waé-Ionger than 140 msec when Pl-P2 was 835 msec, and
exceedingly few were longer than 12d7msec. Most were shorter than‘IOO
msec. According to the standard summaries, reaction time varies with
stimulus intensity and to reliably obtain reaction times as short as W
105 msec you should present stimuli on the order of 110 dB. These are
extremely intense. In terms of sougd pressure, they are more than 100
times as intense as the 48 dB stimuli used in this experiments
Reaction time to 48 dB stimuli has been estimated at 150 msec for
practited subjects. How can RW be emitting simple reactions to a 48 dB
P1 this quickly? (And JB’s performance at 95 msec is not much less
striKing.) 1 don’t Know. Perhaps such short reaction times can be
obtained with moderately intense stimuli under optimal conditions and
perhaps these were optimal conditions. Certainly, synchronization

.\

vields much lower variances than those obtained in any other type of

\
.

9

&



180

reaction time task (see Kristofferson, 1974; HopKins and Xristofferson,
1980). Perhaps this procedure can elicit faster responses as well.

That conclusion is certainly suggested by these data, though I am not

~ o T

convinced that it is forced by them} ' *\

4.2.4 Distributional Shape

Figures 10 show RW’s and J?’s symme try coefficients for each
session. Figures 11 show the Kurtosis coefficients. ~The uppe; panels
are based on latencies measured 4roﬁ the warning ;timulus; The middle
panels are based on latencies from Pl1. The lower panels show the
correlations betweeq latency (from P1) and foreperiod duration. The

-

coefficients should vary as 4 function of this correlation. In

. : . 1
Appendix 2, I derive expressions for. population symmetry and Kurtosis
coefficrents for convolutions of Jogistic and triangular distributions

L) ’
and for convolutions of logisthéc t:?:ﬁg&+ﬁ?‘ind geome tric

distributions. The tatter cqﬁﬂolution, ot the three distributions,
“ - /

) / .
should describe performance if the subject times from WS, with the

usual triangular + logistic latency distribution assumed for

-
-~

synchronization latencies, and we measure latency from P! rather than
from WS. Equivalently (except that the geomefric foreperiod
&istribution was subtracted in the convolution above and will be added
in this one), it should describe the latency distribution as measured
from WS i the subject is timing from P1., The coefficients all depend
on the relative variances of the logistic, triangular and geomefric
variates convoluted. Some sample values are calculated in the

appendix. Having rejected this simple model of the subject’s behavior,



FIGURE !0

Upper panel: Symmetry coefficients of the response latency (+<rom LS)
distributions of each session, ' ‘
Middle panel: Symmetry coefficients of the response latency (from P1)

distributions of each session,

Some of the symmetry coefficients were too targe in absolute magnitude
to represent accurately in these figures. Where there are two lines at
the top or bottom of a figure, and a symmetry value extends to the.
outermost line, the actual value should be shown as extending fur?ﬁér.
Fof exact values, see Appendix 1.

'
Some sessions’ raw data were lost and symmetry coefficents could not be
calculated. JNo values are plotted for these séssions, which are
indicated by gaps in the figqures.
Lower panel: Correlation between r;sponse latency (from Pl) and
foreperiod duration. Repeats the middle panel of Fiqure 9.

-

Figure 10.1: Subject RW., Figure 10.2: Subject JB.
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upper 2anei: Xurtosts cpefficients QfF the recponse tatencvy L srom W3

gistributicns p+ each sessian.

Micdle panel: Xyrtosis coefficients of the response latencv f¥rom Pl
U

.grstrrbutions of each session,

-Some of the Kurtosis coefficients were to large to represent accurately

tn these frgures. Kurtosis vajues shown as extending to the topmost
tine of a figure are larger than they appear. For exact values, see

[

Appendix 1. N

N

Some sessions’ raw data were lost and Kurtosis coefficients couid not

be calcu]éted. No values are plotted for these sessions, which are

%

- .
Lower panel: Correlatign between response latencz/{{rom Pl1) and

tndicated by gaps tn the figures.

foreperiod duration. Repeats the middle panel of Figure 9.

Figure 11.1: Subject RU,. Frqure 11.2: Subject JB.

.
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I will not cdetail these results here. The graphs, however, show up a
tew aspectis of the data that should be ment:oned.

Consider first the data of Experiment 2, from 150 to 3S0 msec.
The distributions of both subjects” latencies do not appear symmetr:c
from these figures. £Early in practice, RU%ﬁ latencies {+from Pl) were
clearly negatively skewed, and substantially so. After much practice,
this relationship changed sign. JB’s symmetry coefficients change sjgn
more frequently. In both cases, the distributions seem more skewed
than those ocbtained by HopKins (1982) and than tﬁose obtained in
Experiment 1. There is some tendency for the skewness coefficients to
follow the correlation coefficients, in sign and i1n magnitude, and this
makes sense. 14 latencies are positively correlated with foreperiod
Euration, and the foreperiod duration is positively skewed, the latency
distriﬁution should be positively skewed., 1f the correlation is
negative, long foreperiods translate into short 1atencips; so the
latency skew should reverse., Whatever modoi/;x&liig§<?%e correlation

(/
between latency and foreperiod duration sholld have no difficulty with

these aswunetries tn the data. ’
The Kurtosis coefficients of bq&h sybjects were alsoc a bit

iarge in Experiment 2, but this may again be due to foreperiod effects.

RW’s kurtosis averages in the 200 to 300 msec range were close to 3

(see Table 4), which matches other synchronization results nicely.

JB’s aue;ages were highef but from Figqure 11.2 (or from Appendix 1) we

can see that Kurtoses near_or smaller than 3 were not unusual in his

data.

The Experimeht 3 symmetry coefficients (83 to 150 msec
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tntervals) are more cugxous. They are not due to computaticnal errors
in the computer program, which | r;checked atter examining the graghs;
When {as 1n Experiment 2) the correlation between response latency
(from P1) and foreperiod duration is positive, zero, or only slightly
Gelow zero, we should expect foreperiod duration and latency from WS to
be strongly positively correlated. Since the foreperiocd distributian
is positively skewed, we should'expect the latency (from WS)
distribution to be positively skewed and it is. The cur“us finding is
what happens when the correlation between latency ($rom P1) and
toreperiod duration becomes quite negative. If the subject is timing
from WS then his latency distribution, measured from WS, should be
symmetrical. The correlations (foreperiod and latency from P1) afe too
weak to support the hrpothesis that he is timing from WS exclusively,
so we should not expect perfect symmetry. The correlations betwesn
toreperiod duration and latency from WS are still positive, though less
large, so we should find that the/Iatenéy distrisutions {from WS) are
positively sKewed, though less skewed.than at the longer interval, But
they are not positiveiy skewed, nor symmetrical. Instead they are very
neqatively skewed., | do not know why these data look this way. |
think this will prove to be a Very difficult problem and it may be the
critical feature of the data for discriminating between alternative

hrypotheses designed to describe foreperiod-latency correlations,

4.3 Concluding Comments
The variance levels in Experiment 2 were higher than those

typically obtained in synchronization experiments, probably because of
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the long and variable foreperiod. This will pose some-dlfficulfleg.ln
i
|nternret1ng the visual synchrontzatlon results, though given those
data, the difficulties will not be as great-as they could be. The
problem is whether we should compare the visual variances Wi th these
data or with variances from the rest of the ljterature. For‘future
reference I will note that RW’s best variances were 123 msecé
(twice) and JB’s were 113 and 125 msec2. (KF‘s were 156 and 160.)

The correlations between latency and foreperiod across the 85
to 330 msec range appear to be reflected in all aspects of the latency
distributions’ shapes (variance, symmetry, Kurtosis) but not always in
easily predictable ways.

These data raise more questions than they answer. In
particular, is minimum response time for moderately loud stimuli
subtantially shorter than is currently believed? Should we still
accept 100 to 103 msec as an absolute minimum on reaction time, given
that reaction time to these less than maximally intense stimuii may be
at this levetl or shorter?r Finally, what are the contributing processes
or strategies that yield negative, zero, or positive correlations
between latency and foreperiod, depending on P1-P2 interval?
Unaﬁbiguoﬁs answers to these wifl require much further work and thought
but they are important questions for those interested in aeterminants
of reaction time. .

Estimates of q in Experiment 3 were generally between 40 and
30, however the latencies were measured. These are smallier values than

those obtained with long auditory intervals and larger than those

obtained with short intervals.
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Experiment 3 involtved a trick and a gamble. The trick lay in
manipulation of the subjects’ conscious attitudes. 1F they could 59
convinced that their synchronization uariancegwghould be at very low
tevels, at levels they Knew they couid attarn under csaditions they
were led to consider similar, ,than perhaps they could achieve those
leve]sl The gamble was that the subjects would not be so resourcefy!

that ther would develop uninterpretably complex strategies for

achieving this. .

The trick worked: the subjects tried very hard %o attain low
variances and their performance at P1-P2 intgruals of 10D msec is
impressive.

The gamble failed. 1 opened the discussion ot possible resylts
far this experiment ui;h three alternatives: suybjects migﬁt time these
long WS-P! intervals at the same q level as they used with short but
t;meable P1-P2 intervals (such as 200hmsec), or their internal timing
variability might be intermed}ate to the levels seen at the short and
long intervals, or uapiﬁgility might rise to the same level as found in
Experiment 1, suggesﬁingJ; stepwise increase between S50 and 1100 msec,
with constancy from 1100 (or so) msec out to 1750 or 2000 msec. None
of these hypotheses is incompatiblé with the present data.

Suppose first that the subjects in fact operated at a q Jevel
of 25 or 30, i.e. at the level typical of short interval auditory
performance. 1+ this is true then the measured latency variances
include more than just internal timing variance and a low level of

motor variance, i.e, for our purposes the measured variances are

inflated. The measured variances almost certainiy are‘inflated. Here
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are five extra sources of variance that I consider likely, and there
are probablx more:

(1) The subjects sometimes timed from WS and sometimes timed
trom or reacted to P1. If we measure latency from WS and the subject
fimes from P!, or if we measure latency from P! and the subject times
from WS, we add the variance of the_foreperiod te the variance of the
reﬁponse latency itself in estimating latency variance. The.degree of
inflatibn of our gs}imate depends on how often the subject timed from
the stimulus we assume he ignored.

(2> There must be some lower 1imit on mean reaction time and

the aésumption that it is as low as 100 msec at 48 dB flies in the face

of much reaction time data. If it is not this Jow, then mean latency
(relative to Pl, at a P1-P2 interval of 190 msec) when the subject is
timing from WS should be different from mean latency when the subject
is reacting to Pi. When the subject is timing from“us, he can

typically achieve a 100 msec 1atenc¥ (relative to P1). uWhen reaciing
to P1, he typically cannot, Distributions of a mixture of both types
of responses should be bimodal, with high variance, even if the

variances of the component distributio&s (timing from WS, reactions to

P!) were identical and lJow. The degree of variance inflation should

depend mainly on the separation between the two means., The expectation

of bimodality is a natural outgrowth of analysis o%‘fhe task demands
along the lines suggested by Kornbium. I cannot say that this
expectation is forced by that }ine of thought, but it is highly
compatibie with it. 1 have examined the histograms of the response

distributions and was surprised that this is not apparent in them.
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There are long tails in the distributions, but they appear unimodal.
Still, this might be masked by the one discussed next,

(3) The interval between P! and Pé is.an "empty" ihteruai.
The tinterval between WS and P2 is a "divided® or “filled® intervai: P1
s interpolated between these stimuli. The presen;e of an interpoiated

stimulus typically affects the judged duration of that inf@rval. A

. -
-

divided interval is judged longer than an empty one of the same
phyﬁical dur;tioﬁ, the simplest exampie of the filled duration i]lusigp
(see Fréisse, 1963,.for a review). A divided interval in which the
stimulus occurs early is generally judged longer than an equally long
one in which the interval occurs late (eg. Buffardi, 1971; Israeli,
19307 . Sﬁppose that the subject.is timing a synchronization response
from WS and that he is_subJect to this illusion, due to the presence of
' Pi.T The Tater that P! occurs, relative to WS, the shorter the
perceived ‘interval between WS and P2. I+ the subject is attempting to
produce an interval of liOG msec, to coincide with P2, but his
perception of the time elapsed to this point has been influenced by the
time of presentation of Plt he maQ respond at the wrbng time. 14 P
occurs early, he may ouerestiméte the time eliapsed sﬁ far, responding
early. If Pl occurs late, he may underestimate elapsed time and
respond late, Brewster (1983) used a, three stimulus synchronization
tasﬂ, with a P3‘interpblated 5etween P1 and P2 and did find that
synchroﬁization latency (responses were to be synchronous with P2) was
positively correlated with the interval between P! and P3., She did not

interpret her result in terms of the filled duration illusion but

consider -ton of the various possible explanations would take us far

4
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atield, If the subject is timing from WS and his lTatency varies as a
function of the time of P?;(bocause of an illusion, because Pl
interrupts processgng o+ t;e interval, for whatever reason), then the
response latency disfr;bution is a mixture of many distributions <one
for each WS-PJ interual) with many means, and even if they all Had the
same variance wé.would not obtain a measure of this c;mmon Qariance but
of‘a larger one, the variance of the mixture, 5

(4) Kristofferson (1974) found serial dependencies in one of
his subject’s response distributions. Successive trials’ latencies
were positively correlated, HopKins (1982) also found this but the
correlations diminished to negligible values with practice. 1 have not
lookga‘ég} s&huential dependence in the data —-- this_is a common source
of noise in many paradigms (see, eg. Ward’s 1979 review of the scaling
literature), depending oa the specifics of the procedures involved --
but it would not be surprising if it was unusually (for

synchraonization) strong when P1-P2 intervals are almost impossibly

short.

£5) The very short P1-P2 interval task was more stressful than
thoig‘inuoluing longer intervals. The subjects spmefimes reported that
they felt "Qrper® after a session. [ informally noted unusual palmar
sweating after'sessions_ifom one sybject, The other sometimes joKingly
noted that he performed best if he had a few’beers first (presumably,
to relax) and I think he was right. Startie responses, hand twitches
and so forth are probably more likely to arise in stressful sityations
and theée may have plgyed a role in increasing the apparent variance of:

s
the subjects, though most of these were removed from the data via the
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truncation aigorithm.

It is hardly inconceivable that thesg sources of extra variance
could Jjointly contribute 100 to 300 msec2 to the measured latency
variances. Accordingiy, it seems quite plausible that the subjects
were operating at a g level of 25 or‘BO (timing variances of 100 to 150
msec2) despite the much higher latency variances.

The second hypothgsis, that internal variances are higher than
those at short P1-P2 intervals (156*550 msec) and smaller than at long
ones,, is certafnly concordant with the résults. The latency variances
measured were intermediate so the underlying variances may well have
béen.

The thiéd hrpothesis is that the sugjects, when timing from WS,

operated at the same g level (50 or so) as they would .operate at in the

1500 to 1730 msec P1-P2 region. Suppose that the subjects sometimes

timed from US,lwith a q of 30 (variance of about 417 msec2) and
other times they reacted to Pl. Suppose further th%t their fast

responses to Pl were less variable than- their timed responses to WS,

-4nd that their mean reaction latency was not much different from the

mean latency (relative to P1) of responses from WS, so the variance is
not inflated due to bimodality of the mixture. In this case “the
variance of the mixed distribution wauld be betwe;n the variances of
the two component distributions, the exact ua]ue‘pepending on the
relative number of responses of each type. (Thé problem of added
foreperiod variance on some tfigls still remains, but this cannot add
more than 90 msec2 (the variance of the foreperiod) and it probably

\
adds less since it is not a factor in all trials.)
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I have some theoreticéi difficulties with this hypothesis. In
particular, q is conceﬁtualized in terms of waiting times in the
nervous system, Information about a stimulus is delayed by up to q
msec before it can be passed to another stage of processing. How can q
be small when the subject reacts to P{ but large when he times from u§?
Especialiy if we follow Kornblum‘s reasoning and suppose that the
subject is timing from WS on ali trials, reacting to P! only when it
arrives earlier than expected. This is a remarkably fast switch of d
levels, within the same trial. \

At the empirical level, Kristofferson (1977, 1983) found that
something ve;x\much like this occured in speeded durat@on
disc;iminatﬁon.‘ When the subject responded “long" (the internal
criterion interval, corresponding to the time since WS, ends before the
stﬁnulus marking the end of the interval), his tatency variance
depended on the stimulus interval, increasing in a stepwise manner,
with obtained q values ranging from 25 to 200 msec. When the subject
responded “short", as a reaction to the marKer ending the stimulus
interval, his variance was about 280 msec2, and this was
independent of the duration of the stimylus interval,

Given the empirical demonstration, the theoretical objection
that the subject’s variance in reacting to P! should not be lower than
the variance of his response from WS has no force.?® Accordingly,
while this imposes its own theoretical difficulties, it is no{
implausible to suppose that the subject timed from WS at a q level near

50, the lower latency variances being due to a mixture of responses

determined this way with less variable responses triggered by P!.
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s I find it impossibie to discriminate between the three
ait;rnatiue views of this experiment’s data because of the complex:ty
of the subjects’ response strateqies. They euidentl; netther timed
exclusively from WS nor exclusige]y reacted to orgtimed from P! nor
mixed responding in both ways in the way that seems optimal to me, |
in the way suggested by Kornblum. <(The negative skew of the
distributions froﬁ WS, noted above, seems just as difficult for this
hYpotheSIs as for the others,) I am impressed by how well the

subjects performed in this task, but 1 am a complete loss as to how,

exactly, they did it.

8.



5. Short Visual Intervals: Experimentslq and 5

These two experiments used visual Pl and P2 stimuli.
txperiment 4 was an extended study of performance across the range from
275 to 550 msec. Experiment 5 was a much briefer transfer experiment,
examining the performance of one subject who had participated in
Experiments 2 and 3.

There are fewer. long term and moderately long term visual
timing experiments than auditory experimen?s. The only visual
synchronization data come from HopkKins (1982). 1In that experiment
Hopkins showed that the subjects’ behavior was not controiled by the
visval stimuli, so, in effect, there are no visual synchronization
data. There are visual discrimination experiments, but none as
extensive as Kristofferson’s (1973, 1977, 1980, 1983) auditory
experiments., None of the visual discrimination experiments invelved
speeded responding, which yields response latency distributions, and
so there are no tests of the real tiﬁe criterion theory for visually
bounded intervals. There are suggestions of steps in variance with
duration, but no orderly pattern has emerged from visual data. Again,
the necessary proctracted studies of single subjects’ data have not

been conduc@ed. ‘The evidence for a continuously adjustable source of

"

internal delays is als irly weak for visual st}mu]i. From single
stimulus studies, which involve few different test stimulus durations

per base duration, one can roughly estimate the shape of the internal

distribution, and the mean of the distribution. The distributions

197
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appear symmetrical with méans Qquite c?oée to the midpoint of the sinqle
stimulus series (eq. Allan, et. al., 1971), which suggests that fine
tuning of the type‘{ound in auditien probably occurs in visual timing
as well, The strongér tests of continuity, long term production tests
across a number of differept, but not'gggz different, intéruals, have
not been conducted.

My goal in Experiment 4 was to demonﬁtate that response
distributions iﬁ the visual synchronization situation are the same as
those cobtained when auditory~5tiﬁu]i are used. If enough similarities.
(and few enough dissimilarities) between vwisual and auditory
performance can be found, it would seem logical to suppose that the

same mechanism underlies performance in both modalities.

. +
A vast number of comparisons.between visual and auditory
‘Y
performance could probabiy be made., I chose to examine the following

aspects of the data:

A. Reliance on P1: The experiment fails if subjects rely on

the warning stimulus for timing rather than on Pl. Hopkins’ subjects
did not use the visual Pl as the stimulus mark{ng the start of their
synchronization intervals, Instegdwthey used the tactile feedback
available from their trial initiation responses., It hasn’t yet been
demonstrated that subjects can synchronize to uisual_stimuli. While we
should not be surprised to find that subjects can time out intervals
using visual Pl and P2 stimuli, given that HopKins” subjects didn’t do
this, thi§ aspect of performance must be examined, It is unfortunate

that the present procedure appears to induce some reliance on the

-
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warning stimulus, but this was found in both Exp;riments 1 and 2, so we
should probably find a smali correlatlpn between response latency (from
Pt} and foreperiod duration in this expériment as well, The point js
that this correfatton should be small, I+ is isn’t, we are studying
timing from,an auditory warning stimulus or from a tactile trial
inittation response, which is not what we w&nt here. 1 will predicate

the rest of this discussion on the (in fact, correct) assumption that

the correlations will be small.

B. Variance Levels: It is difficult to settle on precise

criteria for gbsolute variance levels for a number of reasons. First,
there are individual differences, as seen in the data of Experiments 1,
2 and 3 already. Brewster (i983), Hopking (1982), Kristofferson (1974
and Michaels (1977) also obtained different results from different
subjects., Further, the difference across their experiments, apparently
due to differences dn procedure, spans more than an order of magni tude.
Mariances in gxperiment 2 at the most practiced intervals were
generally between 100 and 200 msec2. Most of Kristofferson’s and
Brewsters’ subjects typically operated at 100 to 150 msec2 levels,
One of Brewster’s subjects’” variances were generally just above éOU
msece,

C. Estimates of @: These should settle to levels close to 25,
50 or 100 msec after practice. Again, we should not be surprised by
individual differences.

D. Symmetry: Distributions should appear symmetricaf. From
HopKins’ data ;nd the results of Experiment 2 we should efpect that if

there is a slight degree of asymmetry, the skew should be positive,
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. E. Kurtosis: Kurtosis coefficients shauld be between 2.4 and

4.2, though, given the variance and positive skew of Kurtosis
statistics, occasional higher values are not unreascnabie. From

Experiments 1 and 2 we should expect that Kurtosis coefficients will

generally be siightly higher than 3.

£. Stability of Performance Acrgss a Range: Ideally, the
distributions will be the same in variance, s;mmetry, kurtosis, and
correfation with the foreperiod, across the 273 to 500 msec range. We
should not expect this to be true of the performance of all subjectis.
One c¥ Kristofferson’s (1974) subjects” variances deciined as the P[-P2
intervhl increased from 150 to 300 msec, staring constant only from 300
to 3b0 msec. A different subject’s variances did not increase at the
shorter intervals, Indiuiddal differences are alsc evident in Hopkins’ °
and Brewster’s data. 1In Experimopt 1, DG’s vartiances were roughly
constant from 1300 to 2000 msec whereas GH’s variances appearea
constant only from 13500 to 1730 msec, increasing bevond this. In
Experiment 2, variances at intervals longer than 200 msec were
generally higher than at shorter intervals, again with differences -
between the subjects. There are also individual di++erenees in visual
discrimination data (Allan et. al., 1971; Allap and Kristofferson,
1974). (The comparable auditory research all involved a single very
Jong term subject, so comparisons across subjects are not available.)
The basic phenomenon demonstrated in all of these experiments is that
there is constancy of performance across some range of intervals that

is wide enough to be called a range. That much we should expect from

all =« -2jects, We can hbpe, But cannot expect on the basis of previous
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results, that all subjects will show constancy across the entire range.

. ‘ N
G. Continuous Adjustabilitg: The 4inding that response

distributions are the same (except for mean latency) at widely
separated intervals would not in itcel4 imply that distributtons would
not vary with small changes-in the interval, Thé simplest quantal
counting models very definitely would not predict constancy across
smal)l changes (smailer than one quantal unit) in the interval. It was

—

on this basis that Stroud’s model was rejected in the introduction. |,
Practiced performance was exam1229/2¥ a number of intervals differing
by only 5 msec. We shoquifxpect mean latencies to track these
changes, but variances an%Jcoeff{cfents o+ skew, kurtosis and
correlation should be unaffected by them,

H. Practice: 1In auditory synchronizati?u {eg. Experiments 1|
and 2 Kristof?er§on, 1974) and in speeded\disc#imination

. —_—

(Kristofferson, 1983), variances at intervals at which there was
extensive previous practjf; are generaily lower after a scan across a
range of other intervals than they were at the end of a long initial
practice series, In Experiment 1, variances did not‘appear constant,
or even roughly constant, until the final scan back to the initial
interval. During the scan toward longer (GH) or shorter (DG) intervals
than the original interval, variances increased with increasing
stimulus duration. Xristofferson (1983) found that response latency
variances in a speeded discrimination task initially -increased with the
separation of the stimuli, eventually settiing at low and constant

values only after two full scans (up and down twice) of the range. It

is not clear why scanning should have such a beneficial result on
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performance. I find 1t hard to believe that this is simply a general
practice effect, resulting for example, in a decline of motcr

variability, After 50 sessions’ initial practice at an.interval the

"taskK is rather well learned aiready and motor variability should

already have dropped to 2 rather low tevel. Whatever the basis of this
pheﬁomenon, it is quite noticeable -in a fair bit of auditory data. It
should be evident in the visual data as well.

These expectations for the visual resulﬁ; are not as precise as
I would 1ike‘them to be. It is fairly clear what "perfect* performance
would entail: wvariances in the 100 to 150 msec? range, rielding g
estﬁnates close to 29, symmetry coefficients avefaging about .05 or
perhaps .10, average kur&osis coefficients between about 2.9 and 3.4,
and average correlation coefficients smaller in absolute value than .15
or .10, with no change in any of these as the interval is varted in
small s;eps across the range, once an initial scan of the range has
been completed. Given the individual and procedurally based
differences found in auditory work, however, I would not expect to find
this perfect‘pattern, or, at least, not for_al] subjects. Despite the
mass of dat collected in Experiment 4, we will be confronted with a
gubjectiue ent at the end, about whether the results are in good
enough general agreement with the prototypic pattern to warrant a
conclusion that visual and auditory performance are the same. In thw
event, the data from the two subjects who completed both full scans of
the range, 15 and DK, were guite gimilar, and were similar enough to

the prototype that this subjectivé"decisibn should be a relatively easy

one to make. That is a fortunate result, and thegdiscussion below is
.’;'
\
N\,
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fairly straightforward because of it, but the above notes outline what
I thought (and think, if we consider replications in the future) should
be dbtained, not what was obtained. Given the variation in auditory
results across subjects and experiments, a poorer match between
expectations and data could well have been obtained, and could be
ob§ained in the future, even if the underlying timing mechanism is the
same across modalities.

There is one final point that I wish to make explicit about the
list;of expected outcomes above. The tTist of possibie compaéi@ons is
probably endless. 1 have ;ertainly not made ail ot the comparatiwve
analvses that were possible. UWhen ceonfronted with a seiected series of
compafisons from a much Targer pool, a reader might wonder whether
other comparisons were made, and if so, why they weren’t reported.
Sometimes this is justified: the practice of reporting only }hose
"predictions® actually met by the data, leaving unmentioned the
predictions not met or the results which might be considered
unfavorable, is not unheard o0f. 1 consider such pracfices
fundamentally dishonest and 1 do not engage in them., I$ there are
unmentioned aspects of the data that in any way confiict with the

conclusions drawn, they are unmentioned because I am unaware of them.

5.1 Me thod
3.1.1 Subjects P

Five subjects started Experiment 4. DK, LL and IS participated
throughout the experiment. AP, a female undergraduate, uanisheé after

39 sessions. JS, a male graduate student, started a few months later,
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as a replacement for AP. By the time he had completed 75 sessions, the
data from the other -subjects indicated that this experiment wauid
require more than twice as many sessions as | had oriqinaily
anticipated., UWhile JS very reiiably completed the sessions for which
he was scheduled each week, by that schedule he could not compliete even
half of the experiment. 1 gave him the choice of increasing his number
of sessions per week or of leaving. Having other more pressing

commi tments, he left the experiment. .

DK and LL are female, IS is ma]e; DK and IS5 are senior
graduatg gjydents. LL is a research technician. A1l had participated
in other experiments involving duration perception.
3.1.1.1 Experiment 5

RW, the subject of Expériment 35, is a senior male graduate

student, who had already participated in Experiments 2 and 3.

5.1.2 Procedure
3.1.2.1 Experimept 4

In the previous experiments, scanning across a range was done
és quickly as poss}ble, with extended practice only .at a few intervals
and very little practice at other intervals. In this experiment, the
highly practiced interuals were 300, 4060 and 300 msec. Extra prdctice,
though not as much -as at these three, was also .giyen at 305, 310, 315,
. 320, 325, 475, 480, 485, 490 and ;95 msec. My intention was to pay
ca;e+u! attention to performance at these intervals, in order to test

for continuous adjustability.

>

\
+
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Originally, 1 planned only cne scan upward, to 500 msec, and a
return to 300 msec, as in Experiment 1. The variances did not drop to
a constant level during the return scan, but they did drop
substantially, and the reduction was evident across the & very close
intervals, 300 to 475 msec, at which extra training was being given. |
increased the number of sessions per interval to 5, at sach in?erval
planned during the séan down for subjects 0K and IS. These two
subjects were willing to participate in an extraordinary number of
sessions, allowing me to take a detailed look at this reduction in
variance, which had been quite striking over the short range from 300
to 475 msec. The variances tended to level off eventually. 1In 1S’s "
case, they appeared constant from’ 480 to 275 msec during this scan
down. 1t appeared that they might level off completely if the scan was
repéated, and I had them conduct a full, slow, second scan back up to
500 msec. DK completed the scan. IS has progressed io 430 msec atx\’kﬂ///’“/
this date. Due to illness and to other commitments, he has compléted
very few sessions in the past three months, I don’t Kno@ at the time
of this writing whether he will complete the full series or, for that
matter, whether he will complete any further sessions. While I will
still collect the data if he generates it, he parficipates S0
infrequently now that it seemed unwise in the exitreme to delay
describing this work until he doés complete the series, I1f there are
substantially more data from 15, I will discuss them during the oral
examinatioen and will append a summary of them to the dissertation at

that time.

While DK and IS were willing to take part in more than twice as
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many sessibns as originally anticipated, LL couid not do so. For Aer
to compiete a full scan up and down, it wa§ Becessary to abbreviate her
schedu]e.slight}y, relative to the original plan, omitting the extra
practice across the short range from 300 to 325 msec.

JS lef% the experiment during the first stages of ﬁis first

scan up the range. AP left during stabilization training with ner

first intervai,

5.1.2.2 Experimént 5 :

} RW completed Experiments 2 and 3 far too late for extensive
work_in Experiment S. 1 originally intended to examine his #erformance
only at a single inter;al, 308 msec, which was the last interval he
worked with in Expergmént 2. His responses were correlated with the
foreperiod at 300 msec, and his uari%nces were high, so | conducted a
uer?-hrief scan to 400 msec and bacK in the hope that this would vield
better results at 300. |
5.2 Results '

Tables of the se‘Zion by session data appear in Appendix 1.

JS’s results appear there only. 1 have not generated such a listing
for AP’s results, nor examined them in any detail, and there is thus no

listing of her data-in the appendix. She left the experiment after so

?ew sessions that there isn‘t anything to learn from the data.

35.2.1 Latencies

Figures 12.1 (DK), 12.2 (IS), 12.3 (LL) and 12.4 (RW) show the
. . L

N
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response latencies (upper panels) compared to the'sfnchrontzation"
intervals (lower panels). AIl of the subjects’ lTatencies tracked the
intervalis closely. The mean latencies were typically within 10 msec of

perfect synchrony with the onset of P2,

3.2.2 Variance Levels and g

Figures 13.1 (DK>, 132 (1), 13.3 (I:L? and 13.3 (RW) show each
session’s variance (upper panel) and synchraonization interval {(lower
panel). In preceding figures of this type,/:or Experiments 1 to 3, 1
showed foreperiod durations in a third panel, at.the bottom o+ the
page.. There is little point to such a display here because almost all
of the sessions were controlled by the Apple. Apple mean foreﬁeriods
were all quite close to 1000 msec. The only sessiors in which thed
PDP-8 was used wepe 1S“s first 8 and DK’s first 6. Accordingly, I have
omitted this graph for. these experiments.

Tables 7.1 (DK), 7.2 (1S), 7.3 (LL) and 7.4 (RW givg‘auerage
valves of varianc;, q, c;e+ficients of symmetry (JEH), kurtoéisc
(by), and correiation with the foréperiod, aue;aged across the
§}nal five. sessions at each of the practiced intervals.4 Al
statistics are based on latencies as measured from Pl. Session by
session listings of statistics concerning latencies measured from WS
are fn Appendix | but these are of little or no interest because the
correlations between response latency and foreperiod duration were
.generaily quite small,

Figures 14.1 (DK), 14.2 ¢IS), 14.3 (LL)> and 14.4 (RW) display

the average variances listed in Tables 7.



FIGURE 12
;\
Upper panel: Mean synchronization iatencies (from P1Y, in msec, of

each session. Two sessions’ data are missing and are indicated by Qaps

in the figure,

tower panel: synchronization intervals, in milliseconds, of each

session.

Figure 12.1: Subject DK. Figure 12.2: Subject 15.

Fiqure 12.3: Subject LL. Figure 12.4: Subject RW.
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FIGURE 13

Upper panel: Response latency variance (msec2) of each session.
Two sessions’ data are missing and are indicted by gaps in.the figure.
Variances shown as extending to the topmost line of the figure are
ltarger than they appear. For exact values, see Appendix 1.

1
Lower panel: s»charonization intervals, in milliseconds, ot each

session.

Figure 13.1: Subject DK. Figure 13.2: Subject IS.

Figure 13.3: Subject LL. Figure 13.4: Subject RW.
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FIGURE 14

Mean within-session response latency varfances (msec?) as a .
+unctioﬁ of mean.respcnse‘latency (msec). ' Arrowheads show the first
ascending series. Circles show data from the descending serijes.
Squares show data from the second ascending series. The?variances

plotted are listed in Tables 7.

’

. Figure 14.1: Subject DK. Figure 14.2: Subject -IS.

Figure 14.3: Subject LL. Figure 14.4: Subject RW.
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TABLE 7

Mean within-session variances (msec2), q estimates, coefficients of

L3

symmetry (ROOT Bl), of Kurtosis (B2) and of correlation between

response latency measured from P1 and the fcreperlod duration,

data from intervals at whtch the subJect spent two or more consecutive

Oniy

sessions were averaged for this table. The averages are based on the

last five sessions at this interval before the subject was transferred

to the next, or, if there were fewer than fide, on all sessions at the
/’ *

interval.4

Table 7.1: Subject DK. Table 7.2: Subject 15.

Table 7.3: Subject LL. Table 7.4: Subject RW.



INTERVAL

300
305
310
315
320
325
400
500
495
490
485
480
475
470
445
460
455
450
445
440
435
430
425
420
415
410
405
400
395
390

385

380
373
370
345
360
335
350
345
340

SUMMARY STATISTICS FOR DK VIsUAL
RESPONSE LATENCY MEASURED FROM Pl

VARIANCE

711
3335
234
474
337
340
<« 380
528
448
412
383
399
344
349
281
303
320
3148
245
279
262
278
269
249
249
220
240
219
212
226
176
22%
227
191
210
194 .
2060
203
127
193

”

a

44.16
55.33
55.27
51.91
43.24
43.48
36.14
54.94
51.53
48421
34.33
47.37
45.10
44,12
39.19
46.82

- 42,09

41.81
37.92
39.02
37.67

38.97 -

38.24
38,25
36.43
34.24
37.35
34.08
33.49
34.73
30.10
34.95
34.84
31.55
33.28
31.99
32,34
32.49
306.23
31.79

¥

ROOT B1

0.08
0.02
0.10
-0.19
-0.04
-0.10
0.05
0.04

-O -02(

0.06
0.03
0.05
0.00
0.068
-0.11
0.02
0.03

0.00 .

0.1t
0.17
0.01
0.05
0.18
-0.02
0.12
0.0é
-0.0%
0.11
0.12
0.09
0.02
-0.09
0.17
-0.0¢9
-0.04
-0.148
-0.11
0.09
-0,23
-0.01

MNMLWWWLWWLWWLLWLWWLWWWLWWWWWRNWWWWWWWWHWRNWWWWWND WK

82

.78
.20
.73
.04
.78
.08
.43
.33
P2
.B%
.14
.72
.10
.15
A1
26
A6
.25
.21
.42
.70
A9
.11
.24
.11
.28
.21

»
N
~J

.47
.41
.12
.04

.44
.14
.35
.09
.08
.34
.97

93

CORR WITH FP

-0.04
-0.,07
-0.04
-0.06

0.02
-0.0t

0.01
-0.04
-0.03
-0.10
-0.02
-0.07
-0.03
-0.03
-9.04
-0.07
-0.05
-0.01
-0.0
-0.04
-0.03
-0.05

0.00
-0.02
-0.05
-0.02
-0.01

0.01

0.01

0.01
-0.01

0.05

0.02
-0.02
-0.04
-0.04
-0.0¢6
~6.10
-0705
-0.09

L



SUMMARY STATISTICS FOR DK VISUAL
RESPONSE LATENCY MEASURED FROM Pi

INTERVAL  URRJANCE G ROOT Bf B2 CORR WITH FP
335 198 32.19  -6.20  3.44 -0.08
330 189 31.37  -0.12  3.04 -0.10
325 192 31.62  9.04  ‘3.13 -0.06
320 193 31.78  -9.0f  3.43 -0.08
315 189 31.39 -0.04  2.87 -0.01
310 199 32.3¢  0.15  3.22° -0.09
305 8 ) 29.24 0.04  2.89 -0.15
300 [/ *ﬂhfgf»J 30.57 -0.08  3.26 -0.08
275 | 157 28.16 © -0.20  3.33 -0.08
300 156 28.04  0.01  3.09 ~0.06
305 171 29.642  -0.11  3.31 -0.14
310 145 . 26.84 , -0.03  2.86 -0.10
315 145 26.81  0.12  4.24 -0.03
320 179 30.41 -003 3.03 -0.06
325 195 31.94  -0.09° 3.2 -0.09
330 192 31.65  0.01  3.16 ~0.06
340 204 32.79  -0.01  3.30 ~0.08 =
350 . 178 30.28. 0.00  3.51. -0.08-
380 77 163 28.76  0.19  3.20 -0.07
370 / 167 29.20 0.08  3.09 -0.08
380~ 173 29.78  0.03 , 3.30 -0.05
390 185 . 30.98 0.1y 3.00 -0.07
400 178 30.25 0.04 . 2.78 -0.12
410 179 30,42  0.04 7 3.0¢6 -0.11
420 187 31.22 0,03  2.95 -0.1%
430 223, 34.51 -0.02  3.10 ~0.12
440 207 33.02 -0.82  3.03 -0.02
450 209 33.22  -0.04  2.96 -0.07
460 221 . 34.27 0.01  2.73 -0.13
470. . 213 33.38  0.01  3.09 . -0.09
489 200 32.44 -0.04  2.95 °  -0.10
490 215 33.79 -0.11  3.18 -0.11

5080 154 27.9¢ -0.10 3.58 -0.09



SIMMARY STATISTICS FOR IS VIsSuaL
RESPONSE LATENCY MEASURED FROM P1

INTERVAL VARIANCE Q ROOQT B1 B2 CORR WITH FP

300 345 43.82 0.05 3.72 0.02
305 336 43.89 0.16  3.41 -0.91
310 339 43.42  -0.13 3,81 -0.04
315 331 42.83 0.46 3.88 -0.02
320 333 43.01 0.25 3.46 ,,  -0.02
325 308 41.17 6.04 3.26 0.00
400 355 .. ,,44.52 0.26 3.07 0.10
500 427 49,10 0.07 3.18 0.00
495 513 54.09 - 0.25 3.42 0.04
a%0 >~ 370 45.47  -0.04  2:97 -0.05
485 323 42.24 0.00 2,98 0.07
480 272 . 38.52 0.08 3.43 0.a1
475 240 35.94  ~0.01 2.98 -0.03Y
470 214 33,47 0.50 3.24 0.01
445 234 35.40 -0.13 3.08 0-.02
440 244 36.27  -6.21 3.15 -0.03
455 241 35.98 0.h0 3.16 0.03
450 207 33.07 -0,03 3.34 0.03
445 214 33.81 044 5.32 -0.01
440 237 35.66 ~ 0900 3.03 -0.01
435S 184 31.04 0.01 2.82 -g.01
430 178 36,27 0.07 3.01 0.06
42% 203 32.66 -0.15 2.95 ©-0.04
420 ° 159 28.35 -0.08 3.15 -0.03
415 180 . 130.49 0.23 3.07 -0.03
410 154 27.52 0.06 3,40 0.01
405 155 27.89  -0.10 2.94 0.04 .
400 <150 27.38 0.01 - 2,93 -0.07
395 149 27.28~  0.12 3.24 0.02
390 " 153 27.76 -0.08 2.95 .00
385 142 26.47  0.05 3.30 0.00
380 127 24.49 0.00 3.06 -0.02
375 159 28.38  -0.14 3.41 -0.02
370°0 142 28,66 -0.04 3.34 -0.01
345 170 29.45  -0.10 3.07 -0.08
340 132 25.28°  0.04 3.15 -0.04
355 150 27.39  -0.05 3.32 0.01
350 179 30,40 -~0.18 3.37 -0.04
345 194 31.84 ~0.03 3.46 -0.11
340 133 25.44 0.01 3.71 -0.02



INTERVAL VARIANCE

335 r
330
323
320
315
310
305
300
273
300
308
310
315
320
325
330
340
330
340
370
380
390
400
410
420
430

RESPONSE LATENCY MEASURED FROM Pi

149
174
177
129
156
158
141
139
132

.95
109
113
129
116
117
122
142
131
132
159
130
137
118
139
148
130

o

~SUMMARY STATISTICS FOR 1S UISuAL

e]

27,
.93
.20
23,
28.
.21
24,
28,
.31
.32
22,
22.
23.
23,
23.
24,
26.
25.
.29
28.
235,
25.
.68
26,
27,
25.

29
30

28

23
20

23

23

32

02
03

34
13

51
72
02
37
51
17
44
19

34
11
88

12
18
12

ROOT Bl

0.07
0.04
0.08
0.03
-0.048
-0.04
0.08
-0.01
-0.1?

. -0.03

0.08
0.18
0.13
0.11
-0.28
0.05
-0.11
0.14
0.11
0.10
0.22
0.11
0.17
0.13
0.20
.11

B2

3.40
3.41
3,53
3.37

3.53

4.35
2.93
3.38
3.44
3.24
3.08
3.40

~

3.61

3.74
4,14
3.39

3.19

3.11
3.07
3.30
3.44
3.10
3.40
3.44
3.74
3.12

CORR WITH FP

0.01
=0.10
-0.035
-0.09
-0.,03

0.04

0.05
-0.084
~0.03
-0.03

0.02

0.02
0.02
0.01
0.04
c.02
0.03
0.04
0.01
0.05
-0.02
-0.04
-0.0!
-0.02
-0.03

t0.01
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SUMMARY STATISTICS FOR LL VIsSuAaL
RESPONSE LATENCY MEASURED FROM P!

INTERVAL VARIANCE Q ROOT af”“\az CORR WITH FP
300 397 47.21 0.04 3.54 -0.02
305 493 - 52.99 .31 3.58 -0.03
310 564  56.95 0.41 4.27 0.00
315 513 54,11 0.11 4.44 0.014
320 538> 55.44 0.32 3.77 -0.01
325 414 48.41 0.10 3.06 -0.02
400 393 44,99 0.18 3.29 -0.02
345 428 49,19 0.30 3.32 -0.18
500 438 49.78 0.42 3.60 0.01
495 394 47.16 0.30 3.73 -0.01
490 384 44.56 0,30 4,31 -6.07
485 316 41,81 0.34 3.80 _  -0.01
480 321 42.14 0.08 3.15 "-0.03
475 280 39.11 0.24 3.20 0.01
450 341 43.55 0.28 3.53 -0.02
400 295 40.27 0.22 3.34 -0.04
350 233 35.29 0.17 3.42 -0.05
300 299 40,52 0.12 3.17 -0.02
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SUMMARY STATISTICS FOR RW VISUAL
RESPONSE LATENCY MEASURED FROM P!

INTERVAL UARIANCE Q ROOT B1 B2 CORR WITH FP

-, 300 281 39.22 0.12 3.24 -0.11
350 310 41.37 -0.02 3.00 -0.04
, 408 | 392 44,93 0.22 3.45 -0.09
390 308 41.22 0.08% 3.22 -0.07
380 312 41.50 0.05 3.01 -0.09
370 317 41,872  0.04 3.11 -0.07
340 405 47.74 -0.08 3.55 -0.10
356 269 38.30 0.03 2.9% -0.14
340 244 34.28 0.07 3.13 =0.16
330 251 34.82 0.06 3.13 -0.12
320 232 35.23 -0.03 3.13 -0.12
310 238 - 35.71 0.04 3.25 -0.15
aod\\b 287 39.44 0.22 3.77 -0.18

e

T
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The results from DK and IS are guite simitar. DK’s final
variances (averaged across the last 5 sessicns per interval) ranged
trom 156 to 223 msec2. The variances at the intervals at which
extensive stabilization training was done, 300, 400 aﬁd 500 msec, were
1534, 178 andg 1356 msec2 respectively. AQerage_éétimates of q during
the final scan upward range from 28.0 to 34.5, hovering-about 30. 1S’s
variances were ]ower, raﬁging from 95 msec2 to 148 msec2. At
.the two interu&ls at whi;h there was long practice, 300 and 400 msec,
ﬁis variances were 93 and 118 msec2 respectively. Estimates of g
for IS range from 20.5 to 28.3, generally quite close to 25.

| 158%s uarian?es were lower than any obtained in Experimeft 2 and
they compare well with the previous audi%ory résults o% Brewster (1983)
andlKristofferson (19743, /ﬁ[} q is right where it should be: close to
25. DK’s uarianc;;:;;ﬁiéxagher, but they were certainly as good as
those obtained in Experfment 2. They e slightly bétter than those

ob

ained from one of Brewster’s‘subjects. DK’s g.is not 25. 1 doubt
4 her 'variability would decline much further with more practice, 50J
would not expect her q estimates to drop to 25.

- If we interpret the dafa in terms. of HopKins’ model, g is the
scale parameter of a triangularly distribut:d variable, which is
convoluted with a logistic variable to yield the aétual response
distribution. I estimate gq by suﬁtfacting 25 msec2 from the
response latency variance, assuming'that this is the variance of the

logistic motoer cbmponent. The remaining variance is assumed to be that

of the triangle, which is specified by the formula: Variance =

“\

qe/é. .This is a rough estimation procedure. One ;yght wder
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whether DK’s motor variance is not higher than I15’s, in which case her -
q estimate would be higher than his simply because not enough motor
variability was subtracted from her latency variance. This is not the
explanation. DK’s Kurtosis coefficients are not higher than }5's --&+
they are dif?erent, DK’s are lower -- and we should find Kurtosis
increasing with increasing motor .variance, i.e. with incréasing
contribution o% the higher Kurtosis logistic variable to the overall
variance of the data. If DK’s motor variance is so high that |
subtraction of all of it would resul? in a drop in the g estimate to
25, théé‘IS’s q,shﬁuldﬁdrop.to 20, and we would face the same
difficulty. Supposing that DK’s g is 30, the question is, is this
“close* to 25 or not? I don’t know. The estimates of 12.5, 25, 50 and
100 for q levels arelempirica}. There is no theory that %orces q to
take on these particular levels.,_Values of 15, 30, 40 and 120 would be
eyery bii as compatible with Kristofferson’s (1980) quantal counting
with stepjfpodel, for example. There is no quantitative theaoretical
expectat}on regarding variability of q across people, al;hougﬁ given
that quantal theory ties the q level to a fundamental ¢(if hypothetical)
physiological process, we shou]d not expect "too much" uariancif Is a
deviation.of 20% from the 25 msec Jevel "too much"?

In terms of ovefall ﬁa iance Jevels, I conclude from 1S’s and
DK’s data that visual and audi&ory synchronization uariance; are, or at
least can be, the same. There is no evidence in these data that visual
variances are higher than auditory variances. With respect to q, IS’s

results are'unambiguous and, given these, I hesitantly interpret DK’s g

of 30 as passably close to 25. : =
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L

Lﬁ’s variances are higher than tﬁo#g of IS and DK but it must
be remembered that she completed fewer than half as many se;sions (241
compared to DK’s é%! and 18’5:5403. Her variances durjhg the initial
scan upward, when she and the other subJecté were on tﬁe same training
schedule, are quite compa}able to tho;e of the other sybjects, ranging
from 393 tﬁ 563 msec2, canpaEed to DK’s first scan range of 337 to
711 msec?2 and 157s 308 to 427 mseﬁa; LL‘s scan back to 300
msec was much faster.than IS and DK’s. Her variances on the way down
twe range were lower (280 fo 376 msec2, campared to 393 to 366
msec?2 dur]ng the scan up). Presumabliy they would drop further with
~further practice. Given that this is not asymptotic performance, [ am
not cancernéd thaf the q estimates are near 40 msec, with one value
near 35. Values slightly higher than 4D might be acce ably close to
50 or they might .not, but these variances have not ﬁettled down to a
final leqel and the 235, 50 or 100 msec q values are predictions about
final level performance.

LL‘s data highlight oﬁ; problem with comparison of visual énd
audi tory performance. The visual results may drop to the auditory
leQels, but it takes a long time to get them this low. It may take
twice as manry sessions, depending on the subject, before the low

-

variance levels are reached. Perhaps with this much practize with
auditory intervals, lower auditory levels would be reached. )

I take it as‘granted that visual synchrohization rs more
difficult than auditory synchronization. If there was no difference,
HdpkinsQJSUbJects wouid have ﬁsed the visual stimuli, not the tactile

feedbacK from the trial initiation response, and the delayed (auditory
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and visual) feedback given after P2. I noted in the introduyction a
number of sources of difficulty, for the subject, in the visual
situation. I don’t think that these dgfferentes between the auditory
and visuval tasks can be eliminated, though perhaps a huge visual
display (a wall, rather than a degree visual iﬁgﬁg;iﬁéuld minimize
them. It would be most pleasant, t#eqretically and practically, if
visual subjects’ variances dectined at the same rate aé auditBF?“
subjects’ variances. But/g%uen the differences in physical variability
{due to the changing pos;ure of.the subject) anﬁ of salience between’
the visual and auditory stimuli, the +inding/{&;t subjects take longer

to finatly bqing their visual synchronization standard deviations down

'?o' 0 msec, a remarkable level of precision whatever the stifulus

'furning tec Experiment 35, RW’s daia were more uif;able-than h?s
auditoryAdata,iand they.rema}ned more variable:” His resbonses were
correlated with foreperiod duration, negatjuely} as in his Experiment 3
data, rather than positively as they w;:e in his cémparably long
Experiment 2 pertormance. 1’11 return to this later. For now [ will
note that the variances of the laténcies measured from the warning
stimulus are higher than the uariance;'+run P1. His variances age
frankly disappointing, however they are calculated.

\
3.2.3 Variances'Across the Range
The retation between duration and variance was not monotonic in

/”‘ﬂi’s data. The variances differed so much from interval to interval

that 1 am wary of calling them.constant across the range. Figurss 13.3
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and 14.3 describe LL’s results better than I can verballiy and I will
say no more about them.

DK_and 1S showpd an increasing relation between duration Qnd
variance during their initial scan up to 500 msecLﬁ\This was also

evident in the scan down, at least to 400 msec. From 400 to 275 msec

the variances change little in e¥ther subject’s data. -

During fhe final scan upwarq, there was some tendency for Fhe
variances to increase again. As the ﬁnteruals were lengthened, the
variances of the first session or t;o were often higher than those
obtained later, especially in DK‘s data. 1S5’s variances were more
stable and fluctuation in his variance at a gﬁyen interval often
appeared random.

The increase in DK‘s variances is most euidenf in her final
five session averages from 400 to 500 msec. Variances rose %rom 178
{'msec? tq-ualues quite consistently, if sometimes only slightly, |
greater than 200 msec2. The abrupt drop to 156 msec2 at a 1
Pl-P% interval of 3500 msec from.215 msec? at 490 is not due to
‘random'fluctu;tion in the data. DK ended the experiment with 100
sessions‘at 300 msec. Her variances slowff declined from the i&» ang
mid 200‘s to values arounail?ﬁ msec?®, and, finally, to values

-
around 1595 msgcz, the same as her performance at 300 msec.
Transfer nf‘éraining, and previous training at these intervals, did
vield a substantial drop in variance relatiué to her eanl;er
performance, during jthe first ascending series, but thfs transfer

effect seemed to be imited. It appeared that to achieve leuelséghlow

200 msec?2, DK requiied extensive recent practice at the interval



L3

233

under study. Kristofferson (1974) and HopKins (1982) were more
successful in transfer studies. ~cross thé 150 to 530 msec auditory
ranqge, it appears that once a subject achieves a low level of
variability, that level can be maintained across.the range, even with:
Ehange; of 100 msec in the P1-P2 interval. That degreelof sdccesé was
not evident in Experiment 2 (or Expériment 1), but so little'bractice
was given at intervals oth: than the highly practiced ones that we
have littie basis for comparison in those data. It is at least
| possible, given DK‘s results, that to achieve asymptotic visual

performance levels bne requires more training at the specific interval
under study, as well as more training across the range, than is true
for auditory synchronization. 1 am not certain that this is a "real"
difference between zuditory and visual results; This may merely
reflect a difference betwee;.subjects. Supﬁosing that the difference
is replicable, and the slight increasing trend in IS‘§ daéa suggests

/Pthat it may well be, 1 am not at all sure that it should be considered

an important difference. ) L R

I think that the key finding in these data is that after much

training at specific intervals (300, 400, 500 msec), variances do not

differ. Nor is there any trend in the coefficients of skewness (DK’s
were ,01, .06, and -.10 at the three intervals; iS5’s were -.03 at 300
and .17 at 400, but they were generally positive from 300 to 430 msec)
or in the coefficients of Kurtpsis (DK: 3.0?, 2.78, 3.58; I15: 3.24 and
3.40, but there is no hi‘,hi:_ of an increasing trend from 300 to 430) or
in the correlation between latency and foreperiod duration (DK: -.08,

#

-.12, -.09; IS8: ~-.03, -.01). The distributions are very similar.in

L

]

™
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scale and shape at each of the pra;ticeq intervals. This is precisely "~

what we should expect on thé:basis of the iu&j%Q5£ resuits. e !

—_ \
+

RW’s transfer data again tell a dif%ér;n{_s;SP{. His variances
are roughly increasing with duration, during the scanbép and back down, <
His timing variances may have been constant from 330 to 30ﬁwﬁsec, i.e,
across. half of the range studied, but 1 wouldn’t arque forcefud P ~that

this was the case. ) \

_—ﬂ-"ﬁ':’"—/
N . ;/ ‘./
3.2.4 Scanning of the Range _ - g;\

. -~ S
All subjects” uaiiances were lower during the descending series

than they were during the initial ascending series. Variances tended
to level off across a ﬁangé over which they had previously been
increasing in IS and DK’s data (see Figures 14). LL‘s variances varijed
less during the descending serieé, and in th{; sense they approached
constancy as well; "~ During the final ascending seriass, DK and 15’s

variances dectined further and they varied less over a wider range.

This is all in accord with the expectations from the auditory data.

l 9.2.3 Continuous Adjustability '

The question in this case is whether very small changes in the
synchronization interval will have effects on the response
.distribution’s scale and shape. If the subject can change her mean by
a few mgec without changing any other asﬁect of the distribution, we
have evidence of a process that can generate delays on a continuous
(rather than discrete, as in quantal) scale. 14 the subject can algo

produce widely different intervals without changing the scale
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~ {variance}) or sﬁape of the -distribution, which we have already seen can

Pl

be doég in visual syﬁchronization, we have evidence for a d?isnministic
source of internal delays, i.e. one which times intervals without
variability. 1+¥ tﬁe same brocess ts involved in timing similar
intervals and more widely sgparated‘interuals (and if the response
distributions are all the same except for the means, why would we want
to assume that different processes are ﬁnuolvea?), then we have
evidence for a source of continuoué]y adjustable deterministic delays.
The relevant data come from OK and IS, especially at 300, 309,

¢
310, 315, 320 and 325 msec. These subjects practiced for extra

sessions at ihesé'i:}eruals so if there are effects of shifting théﬂh
P1-P2 interval slightly (by 20% or less of q), they should show up here
more clearly.

Examining DK’s data first, ;rom 300 to 325 msec we find
variances of 134 (181>, 171 (148), 145 (199>, 143 (189), 179 (193) and
-195 (192) msec? respectively. The bracketed values are from ihe
end of the desceéding series. The values not bracketed are from the
start (final five sessions, but among the first intervals) of the final
ascending series (which immediatély followed the gfscending series),
There is no greater variation across intervals than there is from
repiication (last S5 sessions, descending) to replication (last 5
~sessions,q§scending) at the same intervals., There is no trend in the
symmetry coefficients either. The ascending and (bracketed)'aescending
series values are .01 (-.08), -.11 (.04), -.03 (.15), .12 (~.04), -.03
(=.01) and -.09 (.0;). The Kurtosis values are 3.0% (3.24), 3.3!

(2.89), 2.86 (3.22), 4.24 and 2.8?, 3.03-¢3.43> and 3.25 (3.13). These
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coetficients are highly variable {(as they should be) th the variation
does not look systematic. The correlations are all-nearly the same.
111 repeat this iisting for IS in the_neit pabagraph." There
is no indication of a shift in scale, shap; or correiatiok‘in his data
either. The other way to look for trends, and probably the most .
powerful way, is to scrutinize Figures 13 (variance per session), 14
(average variances across the final five sessions at each iﬁterual), 13

(correlation), and 16 (symmetry and Kurtosis) for periodic or monotonic

|
changes in the distributions as the interval was changed during the

1%

final ascending series, Except for a(;ﬁight‘increase ]b'uariance with
duration, 1 see no trends in DK’s or i; 1575 data in any of the graphs.

Returning to 157s data, from 300 to 325-msec, during the
ascending;and (bracketed) descending series the respective variances
are 93 (139, 109‘(141), 113 €158), 129 (156), 116 (129> and 117 (177D
msec®, "The descending series variances are higher. That’s the
oniy trénd that 1 see here. The symmetry coefficients are -.03 (-.013,
.08 ¢.08), .18 (-.04), .13 ¢-.08), .11 (.03)> and ~.28 (.08). The
kurtosis coefficients are 3.24 (3.58), 3.08 (2.93), 3.4 (4.55)», 3.81
(3.53), 3.76 (3.37) and 4.14 (3.33),

I+ we accept the conclusion that there is a source of
continuously adjustable internal delays for timing auditory interualg,
we must also accept the conclusion that there is one for visuaily
bounded intervals,

I1¥ we accept Kristpfferson’s (19?6; Hypothesis that these

internal delays are generated in the afferent component of the stimulus

response chain, then either visual afferent latencie =re not variable
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or there is a temporally variable and a nonuariablé subsystem(s) in the
visual system, with recycling of the stimulus in*ormatiﬁn {the basis of
the delay) only being done in the nenvariable subsystem. . To turn this
around, HopKins argued that uisuél latencies must be more variable than
auditory latencies (which appear to be constant) beé}use_uisual
synchronization variances appeared greater than guditory variances,

The poor visual performance in his task appears, {roﬁ the results
discussed so far, to have been due to the detai!s of his procedure and
stimuli, not to any problem intrinsic to the visual system. There is

no reason to suppose, from these data, that visual afferent latencies
i

-

are variable, or, if they are variable, that they are more variable
than auditory latencies. Visual synchronization data, then, in no way
Contlict with Kristofferson’s hypothesis that continuously adjustable
internal delays (now eqﬁally strongly demonstrated in the visual and

auditory modalities) are generated at the afferent level,

2.2.4 Correlations
There are indeed mild correlations between latency and
foreperinod duration in the data of Experiment 4. Figures 15 display

the correlations obtained during each session. Tables 7 1ist the

averages at the practiced i . The correlations are no greater

than those obtained in Experiment 1, en very long Euditorx intervals

were studied. Therﬁare sufdiciently smal ' can consider the

dominant controlling stimuls in the task the visual stimuli, i.e.
as in name a stud? of visual

Experiment 4 was in fact as weyl

synchronization. There is no evide ation befween_correlation and
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FIGURE 15

Upper panel: Correlation between recponse jatency (from PiJ and
foreperiod duration for each session. Some sessions’ raw data were
tost and correlations "tould not be calculated. These are indicated by

Qaps in the fiqure.

Lower panel: synchronization intervals, in milliseconds, of each

SEession.

Figure 13.1: Subject DK. Figure 153.2: Subject IS,

Figure 15.3: Subject LL. Fiqure 15.4: Subject RW.
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FIGURE 14 .
~

by N

=
-

Uppe} panel: Symme try coefficients of the response latency (fromp Pl)

i

distributions of each session. N

Lower panel: Kurtopsis coefficients of the response latency (from P1)
¢

distributions of each session,

Ve .
4 .

[

Some of the coefficients were too largé in absolute magnitude to be
represented accurately in these figures. Where there are two lines at
the top or bottom of a figure, and a value is shown as extending to the

outermost line, it is larger than it appears. For exact values, see

Appendix 1. : B o
el . -
Some sessions’ raw data were lost and symmetry and Kurtosis )
coefficients could not be calruiated. No uaIUijare shown for these
séssions, which are indicated by gaps in the figures.
. \
Figure 14.1: Subject DK, Figure 14.2: Subject I3
' & -

Figure 14.3: Subject LL. Figure 16.4: Subject RW. '
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DN
- w vt
P1-P2 intervaT*duraE}ﬁnﬁTn)Exéeriment 4,
7 AN '

Rd‘s data;%re different. Jﬂis correlations are substantial
: A .

!

i

’ ' e
comparable in sign and size; his performance at the very short

intervals of Experiment’'3.  His vari®nces are also at the Experiment 3
(eg. 100 msec P1-P2) levels., As in Experiment 3, RW is not relying

exclysively on the warning stimulus, This can be checked by examining ‘

! .
the variances of his latencies measured from WS, which”are higher than

. [
those obtained from P} <see Appendix 1‘s tables). Further, and

P
b

~ ' .
surprisingly given the-correiatations, RW’s distributions (latencies
T

from P1) are not hegatiuely skewed, as they should be if he is timing
' ~

from WS. They are positi&ély skewed or symmetric. The Kurtosis
coetficients are not as large as they should be (or as thef were in k
Experiment 3). UWhatever RW was doing i;\Experiment 3, he is doing

something similar, but it is not the same thing, in this experiment.'

- . / .
He is in some way mixing-a“strategy of timing from Pl with one of

timing from WS. This is evident ipéghe torr‘elationé.l such as -.18 at
his most practiced interval (300 msec). I have no suggestions to offer

- about the details of this strategy.

-

RW was trained in Experiment 3 to use the warning stimulus

instead of P1. It is unfortunate that RW’s training with auditory

stimuli transferred ip this way, apd it is somewhat surprising that it
would transfer in this way since he was not timing from WS at the end
of Experiment 2, at 300 to 350 msec intervals, with which he finished

working only a few days before starting Experiment 5 at 300 msec.

However, given that RW is relying more heavily on WS than the subjects
. ™ ‘
of Experiment 4, it is not surprising that his pattern of results js’
® . / . -

.

3
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differént from theirs.

5.2.7 Symmetry and Kﬁrtosis

As in the previous experiments, there is a very slight positive
sKew to the response distribhtions. This can be seen in Figures 14
(upper panel) and in Tables 7. The skew is unusualiy large (relative
to the other subjects; these are not very skewed distributions) and
consistent in LL’s case. DK‘s and 15‘s symmetry coefficients are no
different from those of Experiments 1 and 2.

As in the preuiqg§ éxperiments, the Kurtogis coefficients are
usually between 2;4 and{4.2 (the logistic plus triangle lfmitﬁ) and the

five session averages are usually between 2.9 and 3.4,

LL’s Kurtosis coefficients are 1aF§;E3and they are' arger than

’

those obtained from 15 and DK during their initialfﬁscending and

descendiné series. This is nat strict1y'idiosyﬁchratic. JS5’s data
look the same. His final aueréges at the 5 intervals (300 to 320 mse;)
at which-his performance was studied ranged from .12 to .23 fo} the
symme try cbefficients and from 3.23.to 3.73 for the kurtosis
coefficients. However, these were not optained‘aftpr much practice
(only 75 ;essions total). Ié;s,cée{+icients were also large during his
tirst 75 sessions and his distributions eventually became symmeiric and
reascnably peaKed, so perhaps JS’s diétributions would have shifted in.
shape as well. -

On the basis of the data at hand, two different descriptions
of visual synchronization distributions are defensible. One set of

) &
distributions is as symmetric and peaked as we find in auditory

-

i
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synchronization. The other set are more positively skewed and they are
less peaked. The distributions which lookrﬁoét like the auditary -
distributions come from the most practiceﬁ sbbJects, whose data look

like auditory data in most other respects as well,

9.3 Summary

Therg were }ndiuidual differences. What is true of the
performance of IS5 and DK is often not true of the performance of LL, in
Experiment 4, RW’s performance was diffqrent again but the relatively
high correlation between response latency and foreperféd duration in

his case indicates that he was relying to a large degree (as much as

e 0

when‘Pl—Pz was- 100 msec) on the auditory WS dr on tactile feedback from
his trial initiaiion response as well as on the visual Pl. There are
Eurious aspects of his performance, such as the iack of negat{ue skew
in his reéponse distributions, expected giu:h;}he correlation, but
cn;c]usions about these data shﬁu]d be with reference to a
mbrtj—modality syﬁchroni;ation task, not to a uﬂfﬁadal visual
synchronization task which was the desired object of study.
o ' Consideriﬂg only the data’of Experiment 4, from 1S and DK we
see almost all of the same trends as are evident fn.auditory
synchronization. The effects of practide are not quite the same.
Scanning is effective, bﬁt there is less transfer of training from
inte}ua1 to interval, and more practice at any given interval seems
ecessary before asymptotic performance levels can be reached. Perhaps

these differences would disappear-if a bigger, brighter stimulus was

used, assuming that that stimuluys didn’t have other deleterious effects

'
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on performance. The main points of eomparison, variance, symmetry,
kurtosis, foreperiod correlation, variability and shape across narrow

and wide ranges, scanning effects and absolute levels of g (with the
pocsible reservation about DK’s 30), all appeared to match the audi tory
results of Experiments 1 and 2 and of Kristofferson (1974) and Brewster
(1983) acceptab{x. In terms of shape coefficiehis, the data are ‘near
HopKins’ values. |

As noted in Experiment 1, if we accept Hopkins’ modei, the

relatively high Kurtosis values (but not higher, or not much higher,
than Hopkins”) woqld.§uggest substantial moter variability, on the
ordeb of 50 to 1090 mgéca. DK and IS participated in so many
sessions that 1 find it extremely difficult to beligue that the}r final

motor variances were this high. However, despite the tinding that

-
~

their data do not fit well with the model constructed to describe
Hopkins’ (and Kristofferson’s 1974) data, they are, except in variance
level, very similar to Hopkins’ data.

LL’s data, and, with reservations due to the small number of
sessions, JS’s data, may indicate that,there is more fhan one way to do
the- visual synchronization task. Their distributions were more skewed

i
and less peaked than the others, auditory.or visual. It is interesting ’

that JS’s and LL’s variances were also relatively high., It is tempting
to conjecture that 1S’s and DK’s performance is better because they

relied on the same timing mechanisms used by the auditory subjects,

whe:eaﬁ JS and LL followéd a suboptimal strategr. z
However we inténpret JS’s and LL‘s performance, the results

from DKeand IS make the point of the experiment. To the degree that we
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are justified in concluding, on the basis of multiple similarities in
performance across modalities that there is a common underlying
mechanism across modalities, we are Justitied in concluding that the
same mechanism is available to be gsed by auditory ahd visual
synchronization subjects. Given the many dimensions of sfmilarity, 1
would find it very difficult to believe that different mechanisms were
responsible for auditory and uisua] synchronization performance, és

obtained in the visual case from DK and IS.

15

(““-'-_.-.



4. Conclusions

My conclusions are based mainly on the data from three subjects
of the seven discussed in detail in ﬁhe body of this work.

Twc subjects failed to achieve stable performance leveis, GH
for reasons unkKnown, and LL almost certainly because of insufficient
training. ‘ _ : -

The two subjects of Experiments 2 and 3 were probably
transferred too quickly to Experiment 3 (though “quickly* is a retative
t?;m and in practical terms, i they had spent more_tim; in Experiment
2 pfetraiping, they woutd never_have made ig through Experiment 3 and
Experiment f betesting. Hundreds of sessions’ data take years to
collect, Both of these subjécts would have preferred to'hav;
participated }n fewer sessions than they did and they would not have
participated in substantiallyﬁgghy mare.) In both cases, perfﬁrmance
at intervals of 1350 msec or longer was better after'Experimént 3 than
before, indicating that they were transferred to Experiment 3 before
they had achieved final uaniaﬁce Tevels at the longer intervals. 1
hesitate to take their post-Experiment 3 data at face value. _I don” t
Know what transfer ;++ects from tﬁat extremely difficult t&sk may be
hidden iﬂ’{heir performance. 1 compargd Experiment 4‘s visual results
to published auditory data as much as to those from Experiment 2
because of my‘%nncern that the retatively high variances obtained in .
Experiment 2 may not only have Been due to the specific differences i

between my version of syﬁthonization and the others, but also to

transfer effects.

253 4
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This ieaves three Key subjects, DG from Experiment 1, and 15
and DK from Experiment 4, whose data have quided my conclusiens. Their

data strongly support the thesis. The data from the other subjects do

not strongly conflict with it, but I would not accept it on the basis

of these results alone.
There are three classes of findings .that I consider firm in
this werk, one important hypothesis that is suggested by the results,

and one finding that poses some difficulties. The three positive

®

findings are:

(1) Equivaience of lonq and short interval synchronization:

There is every indication in Experiment 1’s data, especially in DG’s

performance, that auditory synchronization is based on the same

1

mechanisms at 2000 msec as it is at 200 msec. Variances were constant
from 1500 to 1750 msec, with a strong suggestion of constancy out to
2600 msec in DG6’s data. DG’s g estimates of 51.3,

1300, 17350 and 2000 msec respectively, are near 30,

theory. The distributions are symmetrical and the Kurtosis
—

reasonabty lTow: 3.84, 2.98 and 2.99 at the three interv
average Kurtosis of 3.84 over DG’s last 5 sessions at 1500 msec is
high, but from examination\gf the graph of Kurtosis from each session 1

consider this random variation, undisturbing in a statistic Known to be

highlty variable. a

"There is no support in these data for the hypothesis of a

transition in timing mechanisms in the neighbourhood of 550 msec. That

-
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"
idea has waxed ang waned in popularity over the years, most recently
being supgorted by scaling data from Michon (1947 and, I think more
stréng]y, by Kristoffgrsdn’s (197&) synchronization results.

I do not conclude from these data that there are never
transitions at 330 msec. 1 bgli;ue that peopfe-caﬁ tim; intervals in
many different ways, and some of thosé may not be possible at very
short intqruatg; The point, though, is that a transition is not
necessary. If there is a traﬁsition, it reflects 'a shift in
strateqy, not a boundary condition on at:;ilit)rf DG’s pertormance at the
Io;j intervals is(T;\s variable than any reported previousiy in the
temporal literature, and on good days GH‘§ per+ormaqg£ was not much
worse. 1t takes workK, or at leaat much practice, to use the precise
timing mechanisms at the longer intervalis that may be more readily
availabie at the shorter ongs, but they are auai]abli;ft the longer

' e :
L .

(2) Equivalance of visual and auditory synchronization: The

. /'-—..__\‘
variances of DK and 1S were constant, or very nearly so, as were the

intervals nevertheless,

symme try and kurtosis<éoe++iciénts. The variances were low a;d compare
Iwel] with those rgportéd by Kristofferson (1974) and Brewster (1983)
for auditory synchronization in this range. The key difference is that
D& and 15 needed a great geal of practice.before they showed the sameffﬁ-
trends visible in the data of excesﬁiuely practiced, but not this
excessively,  auditory synchronization subjects.
Hopkins (1982; Hopkins and Kristofferson, 1980) showed that

synchronization performance with tactile stimulation ts also equivalent
to auditory performance. This equivalence across three modalities

%

%0
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N
suggests to me that there is a common central mechanism that can be

used for timing. : . -

(3) Continuously adjustable deterministic delays: The $inding

of distributional (shaﬁe and variance) constancy ackoss a relatively

wide range of intervals suagests that the added timing delays at the

long end of the range are pr;duced by™a deterministic mechanism. The
finding of distributional const;ncy over very small cganges fn the |
interval suggest a continuousiy adjustable mechanism. Both findings

are well established with auditérily bounded intervalis, HopKins’

finding of identical auditory and tactile synchronization variances

suggests that the'same will be true for intervals marked by tactile

.

stimuli. The data of IS and DK establish continuous ;dJustability and
deterministic timing in the visual modality as firmiy as they are
established in the auditory modality. <(That there are convincing
demonstrations in the auditory c;se in two further parad;gns, speeded
and ueby long term non-speeded disc;imination, does not make the
auditory case stronger but in;tead makes it more general?) Meither
characteristic of timing had been strongly demonstrated for visually
bounded intervals previously. Given the number of differences reported
betqﬁfn visual and auditory timing and time peréeption, this result is
neither obvious nor trivial. )

| Kristof*er509 (1974; Hopkins and Kristofferson, 1980) has
argued that tontiﬁu&us adjustability is achieved via recycling of
information at the afferent level. Auditory afferent latency variance

is genepally accepted to be negligible. On the grounds of equivalent

variapility, he 4nd HopKins have arqued that tactile latency wariance
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must also be negligible. On the same grounds we could conclude that
visual latency varianCeé are negligible, Alterﬁﬁ?iuely, and despite
tg; difficulties this poses for guantal counting mo&e]s, contipuous
adjustability may be a property of a central mechanism that is
independent of input modality, 1 prefer the latter hypothesis, though
I have no grounds for insisting upon it. With r#spect to quantai
counting models, :;:;;-FEEF'been mast sﬁroﬁg]y supported by
discrimination data which show stepped variances and which suggest, as
the basis for each step, a maximum count of 1éq. The hypothesis of a
maximum of 16 does not fare well in synchronization, in the present
data or in Hopkins”’ (h982). It is not at all clear why the maximum
possible count should vary acro;S tasks, |

The hypothesis that I say is\‘suggested' by‘the present data is
that Qg have sepriously overestimated minimum reaction time. Minimum
mean RT m;y be- shorter than ldﬁ or 103 msec. Further, with practice,
moderately intense stimuli may be processed as quickly as eitremely
intense stimuli. There is little or no support fon either suggestion
in the RT literature, and tﬁere is much data to indicate that they are
wrong. . >

1 think that there were some very fast reactions in Experiment
3. THere weren’t ;ny siow ones. If the subJectf reacted to Pl, their
mean RT was short, perhaps as short as 83 msec,-ﬂhiﬁh is probably
beginning to push the physical ]imit; imposed by neural conductian
times (I often hear 40 -.65 msec suggested as a value for the aqditory

system., WVisual latencies are longer.)

I would be more inclined to press the arqument that minimum RT -
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has been overestimated if I had been able to develop a convincing model

for the suybjects’ perfarmance in Experdment 3. The negative skew of

)\\ their latencies {(from WS) fit with none of mylpptions and 1 eventualli.____‘\}

¢
abandoned the attempt. qaking.ghe highly controversial gssumption‘that '

N mean RTs of 85 mseqd are passible bought tittle explanatory poger. 1
see no alternative to—this assumption (though B3 msec may be a bit low
in any'case), but my inability to arrive at an alternative does not

~

imply that there is none. «\\\
The difficulty arising from the present data ;s that the | .t

Kurtosis coefficients, from all of fhe experiments, are th high for -

HopKins’ (1982) model. 1 cal] thé"hyp&%hesis o a triangle plus

lagistic distribqtion prkins’ because he expressed it most formally .

and tested 1t.. Kristofferson ¢(1974) prqposed much the same idea. If

we accept that the logistic variance is motor variance, the Kurtosis

values suggest thatimgtor variance may'be as high as 250 ﬁ?ﬂka in
this task, a+tér extensive practice. Previous resuits (such‘As‘wing’s,
1973) indicate that mptor variances should be between 10 and 50

msec2. The average of Hopkins’ estimates for synchronization was
v close to 25 msec2, A motor variance of 250 msec? is not
pfausib]e for this task.

It is unfortunate that the only other report.of Kurtosis values
comes from HopKins (1982), whose subjects’ latency variances were so
jow that afmost any estimate of motor variance w@uld be tow.
Kristofferson (1974 and Brewster (1983) described the shapes of their

distributions with graphs and with tables that collapsed latencies into

S msec bins. [ have estimated the Kurtosis coefficients from one table

v .
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of Kri toffsrson (19748), which provided four grouped latency

PN . | - N
distributions for one subject, GH, who later participated in Hopkins’
research. <(This is not Experimggi 1’s GH.,) My estimates cannot be

’
exact because of grouping, but they should not be too far off.

Table 8

Distributional Statistiés for Shbject GH

Interwval Variance Variance Symmetry Kurtosis Logistic
b (Grouped) (Reported) Variance
-* 0 '
A. Kristofferson (1974) Q\\ :
175 msec 134 126 -.20 3.42 87 |
310 msec =104 112 -.03 2.97 42
340 msec 108 103 03 * 3.21 58 -

405 msec 129 125 04 2.90 45

B. Hopkins (1982)

440 msec. a1 -.BO/(—\ .87 | 10
Y /

o

The values from Hdpkiﬁs (19813 are from his Tables 12 and 13.

. \

An estimate ot logistic %ariance based on the Kurtosis wou}d be

slightly higheg than'ﬁrgkualue of ;0, based on minimum chi-square ¢(as -0
often as not my estimates from his data are lower than his), but thé
conclusion wguld not be Ehanged by thisTynor by selection of any other
comparison data from Hopkins.rgﬁs the uar;ance of the same subject
increases, so does the "motor®” variance, ail the way up to 87

msec2, The.same difficulty appears/té be prese‘nt in

ent in the data repdrted here.
—— »

Kristoffskson’s (1974) data as is pr
1 should also note that the autocorrelations of GH, not
measured in the present déta, were insignificant. This is not the

reasop™for the high kurtosis values in Kristofferson’s (1974) data, and
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it is probably not the r-e?on for them in the present data. 1 doubt
that the small foreperiod correlations added much to th3 present data‘s

Kurtosis estimates either,

On the grounds of implausibly high estimates of motor variance,

. -

especially in Experrment {, T think we she&id reject-Hopkins’ model.

1 do not think that we should throw out quantal theory on the
basis of the fallure of the mode], nar do I think that this fallure is
partlcular]y damaging to the theory. The flndlngs of d:strlbutlonal
constancy~across wide ranges of duration, and of consistent values of g
(for épe;tacular examples, see Kristofferson (1983) for various data
from the same subject) a;e the findings that 1 considef most
supportative of the theory. The possibilities that the log{stic (or
the normal) is the wrong motor distribution, or thaf‘there'is some
further source of variability "in the task, not a large one byt with a

~ thick tail, do not seem unreasonable for synchronization.

1 do not have an alternative model to propose, nor was my

intention in this research to séarch for one. My intention was to show =

that whatever model applieg, it will apply equally to long anq short

interval timing, whether the intervals are bounded by visual or

o

* N &
audi tory marKers. , .-
B ‘_;44/ )
_ P .
= W
//‘9 . « s C. -

1

\ Il
. /"f’ .t
. . . +

-



Reference Notes

1. Kaner, H.C., & YoKey, J.R. A better random number generator for
Apple’s Float:ng Point Basic. Manuscript submitted to Nibble. As

a Contributing Editor of Nibbte 1 expect this will be published. In
the event that it is too technical for that magazine, a copy of the
manuscrtpt can be obtained from me, or a preliminary draft may be
obtained from the Library of the American Society for Psychlcal
Research New York.

2. Kaner, H.C., & Lyons, J.C. Tables and Power Comparisons for
Different Versions of the Kolmogorov-Smirnov and Schuster Statistics.
Technical Report MNo. &7, Department of Psychology, McMaster University,

. Hamilton, Ontarlo, Canada, 1979.

3. Krlstofferson, A.B. A Theory of Timing in Human Information

‘ Processing. Unpublished manuscript, 1981,
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 that basis, without at all involving a subjectiue experience of

Footnotes
U :

-
L

1. One issue o*ten'discui}ed in the context of time perception is

-whether there is such a thing as time perception. I don’t think that

this issue can be resolved with data and"I have lost patience with it.

It will not be discussed in the body of the thesis. Héueuer, the

considerations componeht to this haQe héd an impadt upoﬁ the stgted ;
positions of many authors in the fieid. To be fair to those positions,
I should address a few points here.

An intgrnal measure of the dupation‘of an interval can be taken
wifhout being translated by'the observer into a sensation of bébception
of thgt dupr _idn. This is especially evident_ip some 0f the coagnitive
positioﬁ;. Thf measure of an interval is.based on the dmount 94
information that the observer remembers haﬁing'processed during the

interval. The judgment of the interval‘s length can be done solely on

/

duration. Similaﬁlyg if the measure of an interval is the number of
pulses counted within it,.the count could be usea wi thout reference to
a subjective impbesgign of_anything other than the count. There may or
may not be a dufation percept a;d if Ehere is one*it may or may not be
epiphenomenal . .
| At the purely formal level, it -doesn’t matter in many
—_—— .

theoretical positions whether or not duration perceptions are assumed.

. g ~
We coufd agree that a pdisson process describes the characteristics of

- 272
P
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-2 counting mechani
-

and that discrimin&§§?n Judgments are based on the

/
. ~count wijhout dec.diny whether the count fs translated into a duration

ERN

re ‘ T
«percept or not. <(The count may or may<ffot be consciously experienced’
. : 5

- and the Eonscious experience associated with it may or m;;‘HBT‘be a
dun&§ion percept per se.) The mathematics will not change as a
function of this. The same judgment theor}ss (eh. Signal Detection )

Theory) can be app]ieﬂ/$n either case. Expér' enters can take a

(

. _
neutral position and

avoid the 5erceptua1 issue when dis;ﬁibing their
. 4 . e L
formal models, aor th&y can take eijther s{de, without 1imiting 'the
. =~ ' J 5 -
utility of their ideas about mechanism fgr theorists holding opposite
views on the perceptual issue. ) N
N
’\I_n the body of the thesis, 1 will refer to internal cloc&a;s

mechanism#which gise rise to subjective experiences of duration, i.e.

to duration perepts. On introspective grouvhds,\l believe that I have

duration percepts and that ‘they are no less immediate or "perceptual”

1

than ‘percepts of size or color.. More strictly, intérnal clocks are
mechanisms which yield information that can be used as a basis’ ¥or
judgments about duration. The subjective experience associated with

this information is a subject of gontroversy.

..
L]

To Keep the record stfaight on the positions of the hain_

. A ‘
theorists cited, 1 should note that Creelman ¢1942) did not explicitl;
. . . » ..

- - - e
claim that his poisson count was translated ‘into a duration percept.

"

He merely claimed that the count was the basis of duration .

discrimination judgments. Stroud (1954) talked about subjective
1 - - _~ .

"dates® of events, but avoided the gssue oi'subjectiue'durétion

- ————
> . .

* -

(-4
Q Ai



altogether. Xristofferson’s (1977) real-time crrterion theory
explicitly denied the need for a duration perception as a basis for
discrimination judgments in the single stimulus situation.

2. Latency variance could remain constant despite an increasing

uarlanc; clock i4¥ the motor and timing variances were negatively
correlated to a degree that changed in just the right way as clock
variance changed. Kristofferson (1983) has wondered how such a
hypothesis would address quantal steps in variance. | wonde; why the
response distributions don’t change shape as the timing variance and
timing - motor covaritance change with duration. [ don’t considerlthis
alternative to deterministic timing credible and to the best of my
Knowledqe jt has no advocates, but it is not logically impossibte,

3. Th}s does not imply that there are no quantal delars in the sy;tem
in naturalistic situations. Some components of even the most complex
stipu]us;response chains might still be timed internaliy usiﬁg a
guantal clock., My point is that there will be very few cases in which
the main source of timing variance in the stimulus-response chain wil]
be quantal,

4. The raw data from some sessions was lost—due to unreadability of
PDP-B8 paper tapes, and, less frequently, to disk problems of various
types on the Apple. It is impossiblépfo estimate symmetry, Kurtosis,
etc., from these data, so these values could not be included in the
averages, WYariances of the nontﬁunéated data are availabte for these
sessions; from the printouts obtained at the end of each session, but |

exctluded these from the averages as well, feelfng that all averages

reported ‘together sahould be based on the same sessions’ data.
o
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Accordingly. the statistics are usually averageg across the jast §
sesstons ryn at a given interval, but 14 some (rarely more than one) of
these sessions- were laost, the averages are based only on.the remaining
sessions. Similarly, i+ there‘were fewer than five sessions, the
averages are across all! consecutive sessions at this interval ;or which
the raw data are still available. The tables in Appendix 1 list theh
intervals, means and variances %or the lost sessians. - It is evident in
these tables which sessions’ raw data were lost gecaus; no other
statistics of the aata are reported for them.

9. I have not performed this analysis for data $rom Experiment 3,

which included P1-P2 intervals in the 85 - 150 msec range. The

e

r

subjects often responde& on the basis of time elapsed since the wa;n:ng
stimulu; (WB), so the "real" latencies probably range from 1085 - 1150
msec. I+ they timed from WS onset rather than offset, th;se latencies
would be 1183 - 1250 msec. The subjects did not always time <rom QS.
Sometimes the actuat tatencies may be in the 85-150 msec range. In .
short, it s impossible to tell what the "real"” mean ]atenclés were,.
and, accordingly, it is impossible to exﬁress vartance as a function of
these latencies. |
6. 1 do not imply that subjects adopt this strateqgy consciousty ¢(though
some probably do). HopKins (1982) noted that his_sdbﬁects responded on
the basis of time since their trial initiation résbonsé, 1gnoring B
visual Pl completely, but that they felt they were using P1, not the
response. As a past subject in speeded tasks I will report that it can

be.uery hard to tell what stimulus is controlling behavior. With

practice the task become rather automatic and one doesn’t tNinK much
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about how it’s being done. One simply does what appears to work best,
and faster 1s, in the reaction time cése._better. Standard operang
conditioning principles, assuming that shorter RTs are more reinforcing
(they are, or were to me), could probably account for the development
of such a strateqr on a wholly unconscious level.
7. 1 say little in the text about duratidn i11Gsions but 1 think that
synchronization is A natural procedure to use to study them. Studies
invoiving direct comparison of a fitled and an empty interval are open
to the critical suggestion that the filled interval is reported longer
not because it was perceiugd~as jonger but because i1t is remembered as
tonger, The effect is on memory, not on percéption. There may well be
effeéts on memory, and many.other biasing effects, but I doubt that
these fully explain the il{usion. Production tasks, sth as
;ynchronization, seem less vulnerablte to such criticisms. Further,
once a subject has stabilized in synchronization, examining the
differences in response latencies with slightly mérb compiex stimuli
offers some hope'of obtaininé quantitative measures, in msec, of the
magnitude of the illusions. 14 there are shifts (n other aspects of
the.response distributions we may be.able to develop better mbdels of
the temporatl Q%ria;ion associated with the processing of more comblex
stimuli. In the introduction | suggested that this should be a goal of
the cognitive }empoﬁal theorist. Synchronization may provide a means.
I find the present research exceedingly mechanistic and
reductive. It is interesting to model the percépuion of identical
stimuli in strictly mechanistic terms, and it is useful to Know that

the same mechanism is probably involv : over a fairly wide range of



modalities and durations. But my biases are such that | regard this as
3 very useful baseline. Many different types of cues are i1nvoived 1n
percepts of size and distance (see, eq., §Tgson, 1950 and Gregory,
19663, 1 would bg amazed 14 the same were not true <or dufatu&n. i
Fegérd perception as an active, dynamic hrocess, and percepts as the
resdlt of unconscious inferences drawn from as m;ny sources of
information as are available in thé task.

Holway and Boring ¢(1941) conducted a classic study of the
perception of size in which they recorded observers’ Judgments under
impoverished stimulus conditions (visual angle of the stimulus being
the only available cue}, and under varicus other mére complex (and more
naturalistic) condit:ons {n which further information about stimulus
size (information about its distangi? was available. The research
associated with quantal théory, including the present research, has
provided a characterization of duration perception under impoverished
stimulus ﬁonditions that Holway and Boring may not have imagined
pbsg}ble in the visual case. It is.not a perfect characterization, as
evidenced in the present data, for example, by the overliy large
Kurtosis values, but I find it remarKable nevertheless. 1t is hardly
unreasonable to seek still better charaétérizations ot the mechanisms-
inuoluéd in the well-practiced processing of strictly eﬁpty intervals,
but if I were continuing in the study of temporal perception | would
instead search for ways to use what we Know now as a springboard for
examining how-people deal with more complex stimulus configurations, as

they do every day.

8. The complexities of the speeded discrimination data (Brewster,
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1

1983; Kristotferson, 1983) have very recently led Kris}é}+erscn {1%83)
to state that we may have to abiandon the idea of a single quantal
"ciock®, and to suggest that thers ‘may be more than one g lewvel

operative in the riervous sysiem at the asame time.



Summary stat:s*tigs o0 each sub.ect and 2ach sessian.

T
The column headings are abDrev:ateg. .0 Zase Of COM+usicn, thev mean;:

SE3S: 3Session sumber

NUMBER TRIALS: Number 0f trials included (excluded 1n brackets) in
analysis for that session

MEAN FP:  Mean foreperiod durat:an
MEAN RL: Mean response latencyr
VARIANCE OF RL: "Response latency variance .srom Pi>

VARIANCE OF RL+FP: Response latency varrance +latency measured +rom
. warning <timulus)

YARIANCE OF FP: Foreperrcd duration vartance.

CORRELATION QOF RL,FP: Correlation of resooﬁse latency (from Pl) ang
forepertod duration

CORRELATION OF RL+FP,FP: Correlation of response latency ($rom W3 and
foreperiod duraticn

ROOT. B! OF RE: Symmetry coefficient o4 response iaHency distribution

ffrom Pl) l .

ROOT Bl OF RL+FP: Symmetry coefficient of response latency
dgistribution <from WS) -

3

KURTOS]S RL : Kurtosis of response latency (from P{) drstribution

KURTOSIS RL+FP: Kurtosis of response latency {(from WS) distribution.

For a discussion of timing from WS rather than from P!, see Chapter 4,

J
“J
~0



05 AUDITCRY

NUMBER MEAN  SYMCH MEAN WRIANCE OF CORRELATION OF RIGT 81 OF  KURTCSIS (B2)
SESS  TRIALS FP INT  RL RL RL#FP FP RL,FP RL+FP FP RL o PL«FP RL RL+FP

R 980 2000 1928 2439] 24244 101 -0.072 -0.007 -0.205 -0.208  2.401 2,424
2 300 900 2000 1934 23805 23994 84 0.037 D096 -0.464 -0.442 2,397 2,405
330 900 2000 1984 17170 17255 94 0,003  0.079  -0.510 -0.517  2.411  2.41¢
4 300 900 2000 {983 13448 13993 100  0.i03  0.189 -8.296 -0.382 2.402 2.403
330 900 2000 1993 7484 75%8 87 0.017  0.123 -0.349 -0.341  2.425 2.378
6 300 900 2000 1996 4811 4872 87 -0.020  0.113 -0.144 -0.149 3,239 3,203
7300 900 2000 1994 4009 4142 93 0.031  0.182  0.037 -0.00! 3.202 3.178
8 300 §00 2000 1F97 4243 4387 %0 0.028  0.171 0311 0.005  2.430  2.5%9
7 300 900 2000 2003 3731 5756 119 -9.087 0, 483 -0, 3.267  3.213
10 300 $00 2000 1999 3936 4204 83 0.133 0. -0. J.486  3.434
11300 900 2000 2000 4082 4232 8  0.0%1 0, 323 1. 3.737 3.7%
12299 (1) oD 2000. 1991 2978 3034 B84 -0.030 0 . 3 2.814  2.821
13300 §00 2000 1996 3143 3301 §3  0.05% . 118 -4, 3.5 .15t
14 300 00 2000 2000 2348 2413 79 -0.013 . J. 3.289 3.3
15 30 900 2060 1991 2446 2328 81 -0.02 158 -0.028 0.012 2.913 2.9%2
16 300 900 2000 1999 3502 3415 9§ 0.020 J78 0 -0.472 -0.434 4,300 4.3%0
17300 900 2000 1994 3336 3347 84 -0.087 071 0,163 0,155 3.080  3.187

18 2%¢ (1) %00 2000 2003 3022 3122 161 -90.001 JB) -0.124 -0.206  3.174 3,199

19300 900 2000 1992 2852 28BY {04 -0.042 428 0,217 0.229  2.92%  1.048
20 299 (1) §00 2000 2000 3714 3711 Bl -0.07¢ 072 0,343 0.54%  5.740  5.577
21 300 00 2000 1993 2738 2871 102 0.030 .218 0.001 0.125 3.353 3.930
22 300 00 2000 1994 (401 1402 ¥%  -0.123 128 0,063 -0.118  3.098  3,30)
23 300 900 2000 1997 2306 72372 78 -0.013 167 0.038 0.015 2.902 3072
24 300 900 2000 1988 2580 2494 82 0,035 209 0.142 0.177  2.893 ' 2.893
23 300 900 2006 1983 2072 2183 91 0.024 .228  0.062 0.200 3,238 3.443
26 300 700 2000 1998 2323 2313 81 -D.j02 084 0,120 0.123  3.204 3.070
27 300 900 2000 1993 1838 1949 §1 0.023 239 0.140 0.044 3.710 353
28 300 200 2000 1990 2138 2289 8  0.038 L2630 0,302 0,301 3,025 2.972
29 30 900 2000 2003 1834 1873 87 -0.088 JA29  -0.010 -0.04)  3.413  3.314
30 300 . 900 2000 998 1820 1823 8% -0,104 15 0,104 00,047 3.511 3.438
a1 300 900 2000 1997 1433 1713 83 -0.028 JA92 -0.177 0,113 2,484 2.6%7
32 300 300 2000 1989 1571 1434 8% -0.008 225 130,177 3,384 3.413
33,360 900 2000 2001 1435 1591 BY  0.0%2 324 036 0,081 3.078 2,942
3¢ 300 900 2000 1991 1811 1814 79 -0.098 J1l 0.162 2.791 2 436

6
]
0
0
0
8
0
0
¢
g
0
0
0
0
0
0
]
0
0
:
35300 900 2000 1997 1433 1717 &7 -0.003 0
34 300 700 2000 1993 194F 2096 93 0.03% G, .
37 300 500 2000 1993 1499 1787 73 0.018  0.223 -0,
3877300 900 2000 1997 1382 1493 BY 0.028 0
39 7300 900 2000 2001 1723 1499 B8 -0.1486 O
40 306 - 900 2000 1990 1774 1841 g8 -0.002 0
41 300 700 2000 1993 1746 1821 104 -0.029 O
42 300 2000 1994 223
43 300 900 . 2000 1995 1244 1301 90 -0.0B2 0
44 299 (1) %00/ 2000 1998 1912 2024 87 0.031 ¢
43 300 w0 2000 1990 2058 2{14 B8 -0.038 0
44 % (1) 900 2000 (98% 1739 1818 91 -0.043 O
47 299 (1) 700 2000 1996 1704 1914 94 -0.101 O
<7900 2000 1998 2093 2043 86 -0.093. O
49 300 900 2000 1999 1832 1944 103 -0.010 0
30 300 900 2000 1994 1234 1310 83 -0.012 O
31 300 900 2000 1993 1530 1393 e4 -0.027 0
32 300 %00 2000 1992 1347 1429 10! -0.028 O
33300 500 1973 1972 1452 1493 88 -0.043 @
4 300 900 2000 1991 1341 1311 B4 -0.170 0
35 300 900 1973 1947 1228 1322 116 D029 0
34 300 900 1950 1942 1022 1038 i0%  -0.10% O
37300 900 1925 1916 1220 1290 93 -6.038 0
38 300 $00 1925 1917 976 1033 B8 -0.053 O
39 300 900 1900 1891 1189 1318 95  0.030 0.
80 300 900 1500 1896 1084 1117 75 -0.074% 0,

297 0,284 4173 3,597
002 8,071 3.370  3.470

454 0.411 3,353 3.4%7
AS0 0.423  4.009  4.107
027 0.%10 10.343 0.848
030 -0.01% 3.284 3.192
204 0,078 -0,009 2.990 2.934
0.044 0.042 3.367 3,348
0.232 -0.201 3.384  3.489
0,336 0,344 3,789 3,49
0.142 0.133 3.229 3.035
13 g 337 0,476 3.440  3.442
g.
0.
-J.

0
h
0
.209 82199 0,252 3.33 3.233
0
i
0

111 -0.180 2,813 2.7%4
118 0.048 3.494 3,074
348 0.380 3,337 3.4%4
076 9.032 3.118 3,309




20 AUDITORY

NIMBER MEAN  SYNCH MEAN VARIANCE OF CORRELATION OF RD"‘T Bf OF  XURTOSIS (B2)
SESS  TRIALS PP INT L RL RL#FP FP RL,FP RL+FP,FP RL+FP RL RL+FP
41 300 900 1980 1898 380 999 100 6.030  0.345  0.033 0.027 2.99%9 2.9%9
62 %9 (1) 900 5900 1900 1044 1149 2 0.021 0.383  0.103 0.076 2.916 2,822
63 300 903 ig00 1901 101! 1048 9?2 -0.058  0.237 -0.043 0.021 i.z20 3134
44 300 00 1873 1872 1124 1190 BY -0.034  0.239  -0.042 -0.001 3,142 3.140
65 300 900 1BS0D -1842 924 937 91 -0.I00  0.210 0,035 -9.048 3.314 3,312
& 300 500 1823 1823 939 999 84 -0.078  0.214 0,103 0.192 2.943 3.0%9
&7 300 900 1800 1791 1070 1042 109 -0.201  9.120  0.07% 9.132 2.77% 2.431
48 300 900 1800 1798 894 949 B2 -0.034  0.241  0.124 0.044 2,892 2.83)
49 300 899 1800 1794 1143 12%2 74 0.0%0 0,325 Q0.281 0.22% 3.477  3.315
70 300 500 1808 1799 %17 887 %0 -0.210  0.104 0,157 0.087 3,013 3.627
71300 900 1800 1798 E¥2 943 87 -0.02% 0.273  0.066 O0.08F 2.791 2.736
72 300 $00 1773 1774 §20..1045 B8 0.044  0.352 -0.04d -0.03% 2.823  2.B&é
73300 00 1750 1744 873 896 84 -0.114  0.194  1.208 0.034 3.441  3.195
74 300 §00 1723 1720 808 844 B2 -0.049  0.280  0.038 0.130 3.076 3.304
75 300 $00 1700 1701 915 993 B3 -0.011  0.280  0.228 0.215 3.303  3.203
76 300 00 1700 1700  B44 885 B4 -0.08i 0.229  0.043 -0.103 3.204 3.204
77300 900 1700 i498 422 440 B3 -0.14? 0.220 -0.072 0.035 2.435 3.0
78 308 00 1700 1495 47% 798 8% 0.04! 0.391  0.040 0.094. 3.122 3.231
79 300 901 1700 1498 499 737 100 -0.0B0  0.287  0.209 0,183 2.813 2.37¢7
80 300 1475 1622 893
81 30 1450 1431 738
82 300 o0 1425 1427 443 702 84 -D.100  0.234  0.017 0.084 2.871 2.%20
83 300 900 1600 1399 A22 879 81 -9.,048  0.238  0.051 0.137 2.734 2,404
84 299 (1) %00 1600 1602 825 913 B4 0.004  0.310  0.328 0.230 2.991 2.94l
85 300 900 1400 1407 B30 946 91 0,009  0.31%  £.311 0.290 3.498 3.3
86 300 1400 1599 842
g7 300 900 1400 1484 734 BBZ §S  0.040  0.384  0.038 0.1%8 3.109 3.252
g8 300 900 1575 1381 728 817 %t -0.002  0.331 -0.303 -0.18f 3.340 3.273
8% 300 760 1530 1349 820 835 §7 -0.108  0.230 0.273 -0.284 3.403 3,480
°¢ 300 8% 1323 1527 732 809 3 0.005  0.309 -0.150 -0.043 2.843 2.8%1
21300 900 1506 1500 1045 1077 B0 -0.032  0.242  0.087 0.008 3.254 3.214
92 300 $00 1500 1494 793 822 93 -0.117  0.22f  0.048 0.023 3.244  3,24]
3 300 900 1500, 1499 737 836 B  0.019  0.340 -0.036 0.194 2.B85 2.827
94 300 906 1500 1302 714 B3s 100 0,029  0.381 -0.782 -0.143 3.384 3.193
93 300 900 1300 1301 709 33 85 -0.084 0.234  0.108 0.137 3.332 3.1890
%6 300 M0 1475 1473 839 85 -0.07! 0.241 -0.419 -0.41% 5,307 5.087
97 - 299 (1) 900 1430 1434 710 B40 -84  0.129 0.433  0.090 0.088 3.158 2.5
78 300 900 1425 1425 472 733 ‘92 -0.020  0.330 -0.158 0.040 3.080 3.275
99 300 900 1400 1402 530 405 94 -4.084 0,212 -0.128 @.021  3.001  3.240
100 300 900 1400 1399 44é 724 81 -0.007 0.328 0.048 0.1é7 3.013 2.9
100 293 (3 900 1400 1404 Bl 830 B84 -0.174  0.138  0.33% 0.428 4.272 3.949
102 300 900 1400 1400 799 §21 99 0.040  0.343 -0.414 -0.358 5.401 3.54é
103 300 900 1400 1405 892 944 101 -0.083 0.246 -0.000 0.045 3.217 3.383
104 300 00 1425 1429 828 %22 w4 -0.001 0.31%  0.013 0,113 3.02) 2.8%7
145 300 900 1425 1424 448 747 88 0.024  0.341  0.297 0.403 2.877 3.3M
106 300 900 1425 1429 424 201 9% -0.037 0,333 -0.23% -0.238 2.B4% 2.919
197 300 900 1425 1430 823 903 93 -0.028  0.299 -0.444 -0.401 4.223 4.282
108 300 900 - 1423 1423 499 749 81 -0.043  0.287  0.376 0.345 4.442  3.909
109 300 1430 1430 444 .
110 300 900 1430 1432 728 825 80 0.037  0.345 -0.040 0.018 3.778 3.113
111 390 %00 1430 1433 417 703 89 -0.007  0.350 -0.324 -0.311 3.498 . 3.791
112 300 . %00 1450 1431 792 848 B8 -G.023  0.2%  0.134 0.194 3.180 3,179
113 300 900 1430 1448 624 48O 107 -D.099  0.302 -0.107 0.071° 2.824 2.822
114 300 00 1475 1423 731 818 I00  -0.024 0,327 0.244 0,270 3.444. 2.303
115 300 500 1475 1470 770 @20 96 -0.083  0.281 -0.052 -0.127 3.049 3.018
114 299 (1) 900 1475 1474 497 745 94 -0.089  0.289 -0.221 -0.1184 3.798 3.929
117 300 00 1473 1468 599 474 84 -0.024 0,335 0.007 0.175 3.022 3.156
118 299 (1) 900 1475 1473 700 773 §1  -0.032 0.312  0.021 0.091 3,034 2.842
119 299 (1) 900 1360 1493 807 84387 ~-0.0% 0,228 0.557 0.3528 9.720 4.233
120 308 900 1560 1494 487 734 92 -0.0%0  0.267  0.263 0.298 3.73¢  1.503
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06 AUDITORY

NIMBER MEN  SYNCH MEAN VARIANCE OF CORRELATIMN OF ROOT Bl OF  KURTOSIS (B2)
SESS  TRIMS FP INT R RL RL+#FP FP RL,FP RL+FPFP KL RLsFP AL RL+FP
121 293 (%) 900 1300 1499 547 453 95 -0.020 - 0.343 -0.120.-0.05% 4.005 4.088
122300 900 1500 14%4 327 404 83 -0.013  0.358 -0.844 -0.481 7.243  4.047
123 300 900 1300 1499 505 43% 97 0.085  0.445  0.40% 0.357 3.443 3.947
124 200 00 1525 1522 , 414 482 94 -0.05% €.31%  -0.141 -0.154 3.132  3.080
123 380 o0 1323 1521 ¥ 407 457 82 4,072 0.283 0.227 [.238 Z.B00 2.997
126 300 1500 1498 412 ™
127 300 1500 1493 843
128 300 1300 1499 53¢
129 300 1308 1500 484
130 300 00 1300 i30& 828 712 99 -0.030  0.345  -0.433 -0.226 3.833 3.94%
131 300 900 1500 1504  5BF 444 102 -Q9.040  0.334 -0.011 -0.041 2.4B% 2.433
132 300 900 1300 1304- 433 514 B9 -0.048  0.351  0.027 0.146  3.430 3.449
133 300 900 1500 iS04 S04 SBY 90 -0.014  0.374  -0.030 0.039 2.34 2.739
(134 380 900 1500 1498 349 422 84 -0.071 0,300  0.170 9.139 -3.413  3.i09
135 300 900 1500 §S00 324 434 97 0.029  0.418  0.024 0494 2.439 .01
136 300 900 1500 1300 538 430 88 0010 0.382 -D.104 9.029 2.842 2.743
137300 900 1500 1305 425 4% 87 -0.047  0.310  0.104 0.215 3.83F 3.949
128- 300 §00 1300 1802 41 484 91 -D.044  0.391 -0.032 D.131 3.083 3.0%4
139 300 900 1586 1302 453 324 88 -0.048  0.345 -0.241 Q.04 3.4¥8  3.875
140 300 900 1300 1500 333 424 91 -0.038  0.411  -0.224 0.034 3,440 3,307
141 300 §00 1500 1502 417 443 86 -0.105  0.331  0.070 0.071 3.004 2.742
142 30 §00 1500 1501 446, 330 108 -0.035  0.401  0.04% 0.515 2.711 5.470
143 300 %00 1500 1300 387 434.73 -0.01é 0.383 -0.933 0.131 -2.941 2.9M4
144 200 700 1500 1504 343 441 B3: -0.012  0.349 0,214 0.348 4.287 4,244
143 300 08 1500 1498 371 439 89 -0.005  0.438 -0.027 -0.0215 2.931 2.743
144 300 00 1500 1498 382 488 $0. 0.042  0.448 0,035 0,323 2.447 2.9%0
147 300 700 1500 1498 316 421 87  0.040  0.412  0.046 0.184 2.849 2.%11
{48 300 700 1500 1500 317 484 79 0.024 0,384  0.147 0,368 3.374 3.431
149 300 200 1300 1500 493 402 92 0.035  0.423 0,234 0.348 2,313 3.100
150 300 700 1300 1300 592 447 91 -0.034 0.337 -0.11% 0,121 4.872 3.7?
131 300 00 1500 1500 310 ¥ 90 -£.048  0.333  0.363 0.315 3.397 3.3
132 300 $00 1300 149% 332 430 79 -0.003  0.331 -0.343 -0.14% 4.230 4.200
1533 299 (1) 980 1500 1302 349 440 %0 -0.033  0.403  0.034 0.050 2,74} 2.490
134 300 $0 1500 1301 377 471 108 -0.037  0.447  0.248 0.327 2.927 3.087
133 300 900 1300 1302 509 578 88 -0.043  0.34% -0.04% -0.097 3.912 3.79¢
138 300 00 1323 1531 443 339 §2 0.009  0.414 0,105 0.4537 3,244 4,333
157 300 700 1350 1331 403 488 81  0.003  0.412  0.230 0.274 3.473 1.43)
138 300 Fe0 1573 1571 387 02 119 -0.009  0.480  0.499 0,574 4.229 3,944
159 300 900 1400 1394 S0t 340 79 -0.04% 0,328 0,017 -6.030 }.049 2.927
160 300 M0 1423 1421 403 441 84 -0.020  0.382 -0.033 0.053 2.82% 2.B4Y
141 300 $00 1450 1443 409 494 78 0.01%  0.414 0,334 0.340 3,132 2.9%9
162 300 900 1475 1673 432 332 94 0.010 . 0,434 -0,122 0.2)8 3.793 3.9
163 300 00 1700 1498 300 401 B3 0.044  0.412 0,013 0.1B5  F.411 3,290
164 298 (2) 900 1723 1724 438 731 91 0.010 0,34F 0,350 0,705 3,738 4,914
185 300 901 1730 §751 452 332 97 -0.041  0.3%0 -0.107 -0.138 3.044 3.053
146 300 900 1750 1743 330 318 74 -0,068 0.293 0.258 0.293 3.057 3,178
167 308 00 1750 1749 344 448 74 0,032 0.435  0.114 0.210 3,335 3.203
148 300 00 1730 1730 34% 397 B4 -0.159  0.306 0.238 0.2724 3.038 2.994
167 300 89% 1730 1731 456 514 B3 -0.043  0.342 0,197 -0.0B4 3,508 3.442
170 300 00 1730 1747 400 444 92 -0.002 0,279 0.3 0.331 4.32% 3.7%4
171 300 900 1750 1748  4¥4 3% B0 0.035  0.417  0.027 0.247 2.882 3.24]
t72 300. #0120 1730 335 407 111 -0.078  0.354 -0.040 0.022 3.041 3.247
173 300 00 1758 1730 410 501 82 0.027 l8.428 0.137 0.144 3.139 2.8%0
174 300 900 1730 1246 412 471 84 --0.047 0.359  0.14% 0.2 3040 3.030
175 300 900 §750 745 358 479 98 0.048 '0V424 0,011 0.298  3.270- .41
126 300 990 1750 1752 422 703 91 -0.020  0.340  0.074 0.215 2.830 3.032
177 300 01 1250 1731 403 517 121 0016 0.470  -0.117 0.209  3.220 3.873
178 300 00 1730 17300 43¢ 333 79 0.039 0.4 0.174 0.346 2,979 .17
179 300 900 1750 1738 480 538 85 -0.819  0.375 -0.112 0.008 3.147 3.0
180 300 001750 1747 A4S 341 8BS 0,023 9.413  0.138.0.195 3.117 2,875




26 AUDITORY /
NMBER MEAN SYNCH MEN  WWRIANCE OF  CORRELATION §F . ROUT.3! OF  KURTOSIS (82)
SESS TRIALS FP INT  RL  RL RL4FP FP RL,FP RLeFR,FP  RL RLWR RL  RLWFP
181209 Y00 1780 1746 427 487 95 -0.088  0.360  0.320 0.203 359 3.8%9
182 299 <13 500 1780 1747 403 481 90 -0.01  0.404 -0.188 0.020 3.034 3.07¢
183 299 (1) 900 1750 1748 377 SO0 94 0075 0.499 -0.373 0.188 6993 5.788
184300 0 1280 780 413 485 92 -9.083  0.387 -0.089 -0.112 3.302 3.083
185 300 %0 1780 1780 S 499 92 0.2 0.209  -0.206 -0.225 2549 2.883
186 300 90 1750 4751 436 SI3 84 -0.017 0.388  0.078 0.212 2.971 3.148
187 300 1000 1750 1750 43¢ 633 73 -0.174 0.140 0.232 0.229 2.8 2.7%
188 300 1001 1750 171 S8 609 101 -0.120  0.291 0.030 0.814 3.038 3.03
189 300 1000 .1750 1748 794 B35 81 -0.078 0.233 0.124 0.143 2.699 2.7%
190 30 999 1730 1781 511 SAB 7S -0.099  0.278  0.220 0.267 2.947 2.983
191297 4 1000 1750 175 40 S04 102 4.3 0,323 -0.032 0,039 3115 2.923
192300 % 1001 1730 1748 453 494 96 -0.132  0.314 -0.008 0.038 2.821 2883
193300 4000 1730 1750 445 534 110 0.7 0.0 0.079 0.288 3.220 3.343
194 300 1060 1750 1750 459 S 8 0.5  0.314 0.631 0.63 5.373 4.289
195 300 1000 170 1782 492 578 83 0.008  0.384 -0.013 0.147 392 3.i14
196 300 1000 1780 1751 474 331 83 -0.0&4 0.334 -0.035 0.178 2.722 2.98i
197 300 %99 1730 1752 470 530 45 0.0  0.383 -0.085 -0.035 2.734 2.843
198 300 1000 1780 1752 4S¢ 528103 <0070  0.374 -0.065 0.088 3.147 3.025
199 300 1000 1750 1752 389 4S8 88 -0.052 0.391 -0.03i 0.058 3025 3.9
200 300 1000 1730 1731 32 443 71 0.062  0.456  0.033 0.032 2.884 3.074
201 00 999 1730 1732 30 349 71 -0.077  0.380 -0.04D 0.120 312 .42
202 300 999 1750 1731 418 474 &3 -0.031 .37 0.013 0.006 z.8!! 2.853
203 300 1001 1750 1754 398 447 101 -0.0% 0393 0.074 0.104 2.635 2.817
24 300 1000 1750 1755 403 442 97 -0.095 0,348 -0.298 -0.208 3.188 3.245
05 300 1000 1750 1737 403 483 86 -0.015 0.407  0.010 0.007 2.898 2.749
206 300 1000 1750 1752 485 SIS 8f -0.130  0.249 -0.166 -0.105 3.530 3.489
207 300 999 1750 1734 439 8@ 88 -0.141 0.281 -0.234 -0.048 2.259 3484
288 00 %99 1730 1730 420 M8 73 <0140 0.224  0.277 0398 3.695  3.B43
209 300 - 999 1730 1730 4lé 06 74 0.046 0.425 -0.003 0029 3.25 3.140
210 300 1000 1750 1730 449 334 BS -0.049 0.353 00125 0.047 2.670 2.784
21 00 1000 1750 {733 394 444 82 -00%2 0.3 -0.073 .12 3416 3.060
212 300 1080 1730 1731 502 523 84 -0.154 0.251  0.417 0.214 2,773 2.934
213 300 1000 1730 1731 499 625 94 0076  0.435  0.222 0.300 2.883  2.749
214 300 1000 1750 1753 433 533 98 Q.004 0.433 -0.023 0.292 3.018 3.348
25 00 1000 1750 1731 4% SH4 11l -0.078  0.393 -0.474 0,140 2134 3.055
26 300 1000 1750 1733 401 4S8 107 -0.123  0.349 -0.098 0.198 2.728 3.522
27 300 1000 1750 1730 439 520 82 -0.005  0.393 -0.019 0,338 2.873  3.479
218 300 1000 1750 1749 31 472 78 0.037 0440 0.082 0.241 2.74 3.249
219 300 1000 1750 1747 427 480 106 -0.126 0.352 -0.034 0.059 3.193 3.004
220 300 001 1730 1745 36 733106 -0.016  9.385 -0.038 0.111 3.363 3.258
221 300 999 1775 1779 4B6 365 80 -0.001 0.373 0.106 0.220 3.338 3.249
222 M0 1000 1600 1801 40 466 87 -0.178 0.257 0.093 0.143 3154 3397
223 300 1000 1825 1823 S04 %3 68 -0.138 0.271 0.3 0.351 3.213 3.5%
224 300 1000 1850 1845 31 567 8 -0.674 0.323 -0.310 -0.115 2578 2.473
23 300 999 1873 1872 483 40 47 -0.1é6 0,204 0.249 0.138 3.010 3.099
26 300 939 1900 1899 433 684 44 -0.032 0.276 -0.131 0.03 3.413 2847
227 200 1000 1925 1923 %87 36 90 -0.178 0:212 0.254 0.152 3281 3.189
228 00 1000 1950 1947 434 704 B9 -0.040 0.317 -0.631 -0.518 5.747 5.923
229 N0 1000 1975 1972 450 726 102 -0.050  0.327  0.042 0.122 3.749 3.431
220 300 1000 2000 {994 805 845 95 -0.098  0.239 -0.088 -0.013 2.993 3%
231 300 1000 2000 %% 623 72l 93 0.012 0,370 0.021 0.081 2.818 2.713
232 300 1000 2000 1999 513 341 75 -0.119 0.234 -0.008 0.033 2.719 2.7
233 300 1080 2000 1995 593 &é0 104 -0.075 0324 Q.73 0.4 3744 3.504
24 300 1000 2000 1993 578 489 93  0.041  0.404  0.0%0 0.339 2488 3.326
235 300 1001 2000 1999 579 496 -97 0041 0.412  0.495 0.373 2955 3,294
226 00 999 2000 1991 465 7SI 78 0.016  0.338  0.133 0.0%0 3.430  3.062
27 30 1000 2000 2000 737 789 79 -0.097 0,224 0.332 0.515 3823 3.8
238 300 1000 2000 2003 473 491 86 -0.42 0.212 -0.050 0117 3 313
29 300 1001 2000 2006 641 774135 -0.004 0.414° -0.054 0.153 2978 3.008
240 300 1001 2000 2001. .583 620 39 -0.129  0.224 -0.087 0.074 2.530 .44




056 AUDITORY
NUMBER MEAN  SYNCH MEAH WARIANCE OF CORRELATIMN OF ROOT B1 OF  KURTDSIS (B2)
SESS TRIALS FP INT R RL RL+FP FP  RL,FP RL¢FP,FP RL  RL+FP  RL RL+F?P
241 300 1000 2000 2007 720 742 87 -0.130  0.215  0.54% 0.514 4.152  3.é22
242 300 $9¢ 2000 2000 428 449 75 0,119 0.223  0.088 0095 2,772 3077
243 300 999 2000 1997 530 414 70 0,037 0.372 -0.234 -0.122 2.849 2.450
4 3 1000 2000 1999 508 5%3 g4 0,002 0.378  0.039 0.03% 3.145 2.791
243 300 1000 2000 1994 501 594 82 0.024  0.393 0,120 0.021 3.022 2.434
246 300 1000 2000 2002 498 345 €3 -0.041  0.343 -0.034 0.086 3.177 2.948
247 300 1000 2000 1997 514 428 82. 0.079 0.432  0.101 0.222 3.084 2.943
248 300 1000 2000 1998 443 788 102  0.084  0.436  0.23% 0.324 23.231 3.381
249 300 1001 2000 1994 595 708 107 -0.005  0.387  0.103 0.050 3.251 2.934
230 300 1001, 2000 1998 514 593 114 0,076 0.3&47 0.225 0.235 3.553 3.343
231 300 999 2000 1997 594 453 70 -0.027  0.301  0.031 0.1%9 3.118  3.212
232 300 1000 2000 1999 518 346 77 -0.072  0.300 -0.092 8.037 3,385 3.043
233 300 1000 2000 1995, 405 470 96 -0.043  0.319  0.292 0.256 3.523 3.283
234 300 1000 2000 19977 560 417 73 -0.040 0,304  0.21] 0.239 3.383 3.418
235 300 1001 2000 1997 414 752 118 \0.037  0.429 0,009 £.123 2.944 3.0
234 300 1000 2000 1998 532 420 91 30.005 0.378 -0.312 -0.254 3.483 3.302
257 30 1001 2000 2000 483 544 8L -0.049  0.33% -0.138 -0.197 3.000 3.072
238 300 1000 2000 1998 543 454 97 -0.088  0.377  0.077 0.182 2.4%8 2.988
§ 300 1000 2000 1998 418 453 107 -0.138  0.27)  -0.173 -0.180 3.093 3.038
260 300 1000 2000 1994 548 412 77 -0.028  0.327 -0.243 -0.200 3.087 3.241
281 300 1000 2000 1994 423 438 74 -0.095  0.248  0.139 0.09y 2.698 2,928
262 300 999 2000 1991 428 478 47 -0.041  0.275  0.149 0.188 3.032 . 3.314
263 300 999 2000 1994 546 598 59 -0%020  0.295 -0.175 -3.015 2.B31  3.395
244 300 999 000 1999 415 444 75 0041  0.277 -0.028 0,004 2.404 2.421
265 300 1000 2000 1994 558 469 110 0,003  0.408 -0.112 0.004 3.624 3.758
266 300 1000 2000 2003 743 743 87 -0,132 0.208  0.044 0.019 3.044 3.237
287 300 1000 2000 2002 485 702 73 -0.130  0.199 -0.070 -0.048 2.879 2.9%8
268 300 1000 2000 1994 452 344 B8 0.018  0.416 -0.151 0.073 3.127 3173
289 300 1000 2000 1997 4864 535 94 0,103 0.320 0.22% 0.245 J.294 3.015
270300 1000 2000 1996 499 490 B4 -0.193  0.133  0.291 0.325 3.092 3.i%0
271 300 1000 2000 1998 324 353 93 . -0.143 . 0.270 -0.283 -0.22% d.282 3.477
72 300 1000 2000 1999 500 339 73 -0.034 0.327 -0.148 0.139 3.050 3.514
273300 1006 2000 2000 548 3¥8 97 -0.192  0.303 -0.13% 0.004 3.274 3.043
274 300 1001 2000 1996 427 73613 -0.042  0.387 -0.208 -0.133 3.188 3.044
75 300 1000 2000 1994 494 708 78 -0.134 0.194  0.203 0.048 3.390 3.293
276 300 999 2000 1998 3N 401 &7 -0.095  0.242 -0.118 -0.039 2.738  2.443
7700 999 2000 1997 437 722 73 0.026 0.343 -0.242 -8.117 3.232 3.579
278 299 (1) 1000 2000 1995 491 774 68 -0.012 0.326  0.114 0.114 2.432 2.411
279 300 1000 2000 1994 538 450 98 0.047 0.432  0.049 0.127 3.135 3.028
280 300 1006 2000 2000 508 420 81 0,077 0.432 0.14% 0.320 3.033 2.924
281 300 1001 2000 1994 402 473 88 -0.038  0.326  0.02% 0.124 2.925 2.8435

o ——



&K AUDITCRY

NIMEER MEAN  SYNCH MEN ARIANCE OF CORRELATION OF ROOT BI OF I(LR’TDSIS (82)
SESS  TRIALS  FP N RL RL RLeFP FP RL,FP RL4FP,FP - RL  RL+FP - RL+FP
1300 P00 1500 1444 13897 13837 73 -0.048  0.007 -0.330 -0.31S  3.334 3.298
2299 (1) 900 ' 1500 1431 8350 9437 99 -0.007  0.100 -0.215 -0.205 2.734 2.748
3 30 700 1500 1510 8494 B414 85 0,02 g.120  -0.041 -0.048 3.879 3.735
4 30 900 1500 1444 7382 7352 105— 0.054 0.171 0,324 0.312  3.854  3.422
5 200 700 1300 1473 5149 5320 95  0.054  0.187 -.047 -0.087 3.1BS  3.14D
é 300 700 1500 1470 4287 4348 88 -0.018  0.160 -0.143 -0.145 2.723 2.722
7 30 00 §500 1477 4443 4710 93 -0.035  0.J04  0.024 9.010 2.907 2.887
g 300 © 900 1500 1471 4193 4294 82 0.017  0.i55 -0.180 -0.158 3.850 3.717
§ 299 (1) 900 IS00 1481 5459 5492 82 -0.037  0.088 -0.246 -0.226 2.75%9 2.728
10 300 900 1500 1483 3332 3353 B84 -0.057  0.096  4.03% -0.005 2.441 2,644
11 300 900 1300 474 2943 3137 101  0.084  0.246  0.085 0.047 2.444 2,595
12300 900 1500 1482 3208 3290 B8 -D.00%  0.158 -0.309 -0.34% 3.049 3.0!1
13 300 900 .-1500 1484 2218 2380 95  0.072 0,270  0.030 0.114 2,907 2.922
14 300 200 1500 1490 2579 2711 90 0,044  0.225  0.146 0.190 3,151 3.169
15 300 900 1300 1495 3218 3304 91 -0.004, 0.143  0.170 0.154 3.8 3,302
14 300 %00 1500 1493 2212 2271 B -0.826 0.163  0.210 0.210 3.069 2.154
17300 900 1300 1483 2844 2918 87 -0.084  0.157 -0.132 -0.!145 2,772 2.708
18 360 900 1500 1484 18432005 97  0.052 0,270 -0.098 -0.072 3.310 3.189
19 300 900 1500 1491 2399 2755 97  0.040  0.245 -0.167 -0.085 2.963 3.115
20 300 700 1300 1483 18354 1905 85 -D.044 . 0.146  0.492 0.544 3.075 2.356
21300 700 1500 1488 1871 1916 93 -0.057 0.1 -0.102 -0.050 3.0%0 3.184
22 300 900 1500 1493 2434 2711 80 -0.005 Q.17  0.095 0.0%0 2.906 2.7
23 300 900 1300 1481 1954 2004 83 -0.041  0.143  0.059 0.070 2.824 2.845
24 . 300 900 1500 1491 2107 2244 84  0.060 0.234  0.191 0.132 3.34¢ 3.311
22___390 00 1500 1487 1873 1946 90 -0.021  9.i95  0.143 0.094 3.273  3.005
24300 900 1500 1484 1205 1770 78 -0.018  0.192 -0.170 -0.188 2.447 2.470
7 N0 900 1500 1479 1854 1882 78 -0.045  0.139  0.274 0.325 3.426 3.384
28 299 (1) 900 1500 1482 1895 1984 79  0.013  0.212 0.146 0.148 3.003 2.971
29 300 700 1500 1485 1785 1891 108 -0.002  0.237  0.199 0.165 3.445 3.181
30 300 900 1500 1477 2420 2462 97  0.149  0.333  0.261 0.273 3.3 3,141
3l 300 200 1500 1477 2135 2259 84 0,047  0.23% -0.032 -0.006 2,882 2.842-
2 300 900 1300 1480 1790 1877 111 -0.027  0.217 -0.054 -0.004 2.963 2.942
33 300 700 1300 1478 2234 2340 93 0.015  0.214 -0.095 -0.036 3.024 2.924
34 300 900 1560 1481 1389 1710 79 0.059  0.272 -0.078 0.007 3.341  3.401
35 300 900 1300 1479 1718. 184% B85  0.041  0.273 -0.051 0.022 3.587 3.508
36 300 900 1308 1484 1407 1329 81  0.060  0.288 -0.10% -0.022 3.23% 3.349
37 300 900 1300 1484 1433 1545 84  0.006  0.241 -9.040 -0.029 3.195 2.018
Jg 300 900 1300 1483 1285 1347 83 -0.031  0.217 10!3?4 0.032 3.143 2.97
37 300 900 1300 1478 1517 1481 92 0.096  0.324°-1-0:817° 0.008 3.405 3.4
“40 300 900 1500 1484 1702 1800 96  0.004 0.234  0.200 0.18 2.970 3.002
41 300 700 1300 1485 1551 1450 92 0.062  0.292 -0.330 -0.274 3.786 3.554
42 299 (1) 900 1500 1487 1790 1848 81 -0.063  0.205 0.071 O0.042 3.20! 3.100
43 300 900 1500 1482 1922 2104 100  0.096  0.30%  0.057 0.155 2.887 3.047
44 300 900 1300 1483 2248 2424 77 0.094  0.269  0.017 0.000 2.771 2.847
45 300 ‘ 1500 1492 2149
46 298 (2)7 900 1300 1490 2245 2412 88 0.046  0.255 -0.044 -0.003 3.7t - 3.47
47 300 900 1500 1482 1738 1BB4 89  0.076  0.29f  0.151 0,201 2,936 3.154
48 300 700 1300 1488 1088 1229 87  0.088  0.349 -0.108 0.097 2.938 3.330
47 300 700 1300 1491 1344 1499 89 0,096 0.334  0.227 0.177 3.027 2.983
30 300 900 1300 1486 1342 1488 B4  0.02  0.297 0.208 0.245. 3.298 3.238
31300 900 {300 1495 1478 1534 84 -0.010  0.226  0.987 0.B40 9.466 8.449
32 300 901 1500 1489 1374 1333 114  0.078  (0.347 0,152 0.178 3,375 3.249
a3 300 900 1500 1491 1120 1241 88 0,052  0.314  0.057 0.130 2.984 3.114
34 300 500 1500 1488 1318 1304 89 0,150  0.382  0.105 0.213 3.173  3.144
S5 30D 700 1500 1486 1418 1415 91  0.149  0.376  0.204 0.205 3.186 3.114
J6 297 (3) 900 1500 1487 1368 1484 81  0.055 0.287  0.299 0.233 4.748 4.3%%
37 300 900 1500 1486 1282 1414 124  0.038  0.332 -D.44! -0.232 4.119 5,723
38 360 700 1500 1491 1335 1420 99 -0.020 0.245 0.088 0.100 2.919 2.§22
3% 300 900 1500 1488 1041 1118 82 -0.043  0.229  0.126 D.144 3,132 3.137
40 300 900 . 1500 1484 1194 1319 92  0.047  £.309 -0.2%¢ 3.118  3.034

-0.13)




GH AUDITORY

NIMBER MEAN SYNCH NEAN WARIANCE OF CORRELATION OF ROOT Bl OF  KURTOSIS (B2)
TRIALS  FP INT  RL RL RL+FP FP  RL,FP RL4FPFP AL RLtFP RL RL+FP
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300 1500 1487 1173

300 1360 1490 3199

300 1300 1489 1104

300 1500 1484 1423

300 1500 1481 1248

00 1500 1485 14735

300 1500 1485 1187

308 1500 1493 1505 .

300 900 1500 1494 14707 1384 101 0,019  0.271  0.245 0.284 3.045 3.093
300 900 1500 1484 1407 1783 %4 0,102  0.328 -0.112 -0.038  3.454 J.442
300 900 1300 1438 1043 1077 87 -0.08%  0.197 -0.172 -0.230 2.388 2.617
300 900 1500 1480 1712 1831 83 0,049 0,239  0.213 0.190 3.1 3.097
i 200 1500 1487 1084 1282 107 0.13¢  0.412  0.144 0.141 3.280 2,992
300 960 1500 1481 1483 1581 8%  0.012  0.249  0.307 0.237 3.827 3.é13
300 900 1500 1479 1572 1485 §7  0.021  0.240 -0.128 -0.101 3.384 3.34¢
3to 900 1500 1490 749 947 97 0,148 0,453 -0.148 0.050 3.987 3.249
300 ?01 1500 1484 940 1106 114 0.043  0.343 25 0.012 3.392  3.475

.

300 500 1500 1487 1101 1197 78  0.031  0.285  0.354 0.396 3.214 3.400
300 %00 1300 1487 1398 1540 92 0.06%  0.310  0.04] 0. .

300 900 1500 1490 1042 1087 105 -0.090  6.222 -0.215 -0.208 2.493  2.444
300 900 1525 1512 821 978 88  0.035 0.333 -0.040 0.054 2.%37 3.087
300 900 1550 1534 1062 1439 85 -0.014  0.280 -0.014 -0.015 2.943 3.104
300 §00 1575 1558 1189 1270 83 -0.002 0.254  4.115 0,122 2.20 2,932
300 900 1400 1590 1233 (3% 87 0.036  0.307 .°0.346 0.301 3.243 3.027
300 900 1400 1590 1545- 1433 84 -0.022 0.203  0.08% 8.127 2.779 2.949
300 900 1400 1389 922 973 98 -0.077  0.242 -0.047 -0.062 3.495 2.783
300 900 1400 1590 1187 1334 89  0.088  0.342 -0.157 -0.01& 3.174 3.235
300 900 1400 1590 1143 1240 87  0.014 0,278 0.0%7 0.000 3.538 23.171
300 900 1425 1412 1188 1299 98  0.018  0.293  0.137 0.185 3.3/ 31N
300 990 1430 1437 1198 1312 93 0.030  0.297 -0.253 -0.224 4011 3,485
300 899 1675 1482 1429 1491 72 -0.014 8.204 -0.008 0.038 3.463 3.912
300 900 1700 1482 2042 2147 92 0.013 0,222 -0.008 -0.012 2.927 2.820

300 900 1700 1489 1562 1704 92  0.048 0,298 -0.223 -0.130 3.391 3.422
300 900 1700 1487 1388 1498 84  0.038 0.273 -0.279 -0.3 3.716 3.990
300 900 1700 1485 1243 1834 95 -0.030  0.198  0.29¢ 0.1 3.139 2.833
300 900 1700 1484 2174 2326 91 0,049  0.245 0,394 0.458 4.224 4.201
300 900 §725 1209 1533 1408 88 -0.014 0.218  0.246 0,234 3.040  3.04%

300 900 1750 1736 1694 1923 105  0.151  0.375 -0.013 0.052 3.295 3.381
300 900 1275 1738 2007 2207 83  0.143 0,33  0.13f 6,143 3.070 2,983
300 §00 1800 1784 1523 1428 [0 60,007  0.233 -0.021 0.073 2.810 Z.892
300 900 1800 1780 2245 2448 81  0.{18 0.296 0.314 0.338 3.144 2.1%
300 900 1800 3782 2192 2383 93  0.104  0.301 -0.453 -0.348 4.084 3.904
300 900 1800 1782 1476 1344 103 -0.044  0.217  0.239 O0.133 2.803 2.714
00 900 1800 1779 2143 2276 {11 0.022  0.242 -0.194 -0.137 3.39% 3.4
300 900 1823 1803 2115 2149 82 -0.834  0.481  0.040 0.047 3.040 3,072
300 900 1830 1831 2084 2133 107 -0.043  0.18p 0.113 0.147 4.046 3.788
300 g00 1875 1830 1467 1719 89 -0.04% 0,1B0 0,002 0.010 2.835 3.07)
300 900 1909 1873 1882 2027 97  0.056 0.273 -0.100 0.002 2.524 3,148
300 900 1900 1BB2 2241 2400 50 0.077 0.268  0.142 0.142 2.990 3.039
300 900 1900 1878 2441 2490 99 -0.04%  0.124 -0.026 0.013 3.079 2.8B4
300 900 1900 1873 3247 2432 683  0.094  0.230  0.123 0.074 2.79% 2.704
300 900 1900 1878 2574 2479 92  0.014  0.199 -0.027 -0.04% 3.447 3.428
300 900 1900 1870 2120 2242 04 0,039  0.234  0.230 0.222 3.044 3.014
360 900 1925 1912 2381 2438 106 -0.048 0,181  0.038 (0.043 2,347 2.480
300 900 1950 1932 2876 2949 §4 -0.020  0.139 -0.2%6 -0.209 3.359 3.498
300 C900 1975 1934 2744 2795 74 -D.047  0.114  0.057 0.086 3.282 3.122
300 900 2000 1930 3030 3§43 6 0.040 0,208 0.073 0.136 3.482 332
300 900 2000 1978 3715 3948 81  0.13%  0.278  -0.264 -0.255 3.300 3.344
300 900 2000 1978 2340 2446 99  0.028  0.228  0.0B] 0.089 2.94% 3.108
300 ?00 2000 1977 3004 3075 B4 -0.045  0.153  0.103 6.135 2.842 3,00¢

N
[N v,



EH AUDITORY
NUMEER HEAN  SYNCH NEAN VARIANCE OF CORRELATION QOF ROOT Bl OF  KURTOSIS (B2)
SESS TRIALS FP INT  RL RL RL+FP FP  RL,FP RL+FP,FP RL RL«FP AL RL+EP
J— .
121 300 900 2000 {982 3872 3801 10f  0.023  0.184  0.094 0,059 3.050 2.99%
122 300 990 2025 1995 2437 25383 103  0.023  0.223  0.38F 0.33% 3.43¢ 3,351
123 300 700 2030 2030 3471 3881 0 0.089  0.243 -0.148 -0.148 3,137 3.100
124 300 900 2075 2048 3if1 3289 -94  0.075  0.244  0.2146 0,218 2,595 2.57!
125 30 900 2100 © 2082 3072 3307 89  0.140  0.29% -0.031 -0.045 2.893 2.9
126 300 900 2100 2043 2837 2995 87 0.070 0.238  0.278 0.278 .3.238 3.202
127 308 500 2100 2048 30253708 81, 0.094  0.24] -0.193 -0.177 3.548  3.484
128 300 900 2100 2076 9497 378R 957 0.155  0.307 -0.126 -0.104 2.941 2,937
129 300 900 2100 2074 3349 5534\ 82 0.043  0.184 -0.149 -0.145 3.008 3.030 -
130 300 900 2075 2045 2530 2699°'8Y  0.043  0.243 -0.154 ~0.044 3.9%0 3,809
131 298 (2Y.900 2050 2029 255! 2703| 88  O0.047 0,246 -0.003 0.042 3.103 2.943
132 300 900 2025 2002 3809 4041 99  0.107  0.261 -0.384 -0.328 3.426 3,535
133 300 900 2000 1944 2994 3288 112 0,154  0.331 -0.017 G.034 2,755 2.797
134 300 900 2000 1971 23F9 2472 81 0.037  0.217 -0.420 -0.408 4.122 4,203
135 300 900 2000 1971 2423 2745 98  0.043  0.231% -0.006 0.028 2,822 2.B08
136 300 900 2000 1946 2587 2491 80 0.023 0,195 0282 0.313 3.041 3,179
137 300 900 2000 1977 177271827 78 -0.031  0.i77 -0.040 -0.0i3 2,888 2.84
128 300 900 2000 1977 2304 2447 94  0.050 0.244  0.238 0.290 3.471  3.44i
139 300 00 2000 1972 _ 2318 2433 85  0.040  0.226  0.197 -0.200 2,685 2.947
140 300 1008 2000 1974 2905 3094 91 0.095  0.264  90.032 0.025 2.741  2.744
141 299 (1) 999 2000 1991 2208 2270 &9 -0.0i¢  0.145  0.045 0.051 2.810 2.778
142 300 1600 2000 1982 IBSY§ 2020 75  0.121  0.308  0.028B {0.047 3.085 3.159
143 300 1000 2000 3979 1B9Q 2054 i06  0.076  0.293  0.1B9 0.20f 3.013 2.937
144 300 1000 2000 1970 1754 1868 74  0.055  0.25A~ "0.234 0,255 2.935 3.890
145 300 1001 2000 1972 31433314 B5S  0.043  0.222 -0.07% -0.004 2,778 .2.7%5
146 300 999 2000 1982- 1678 1742 90 -0.031  0.194 -0.299 -0.258 3.594 3,338
147 300 1000 2000 1981 1301 1503 83  0.182  0.404  0.252 0.374 3.300 3.4%4
148 300 1000 2000 1981 §286-°1362 91  0.009  0.286  0.271 0.206 3.311 3.249
149 300 1000 2000 1982 1964 2013 83 -D.042  0.162  0.062 0.046 3.495 . 3.442
150 300 1001 2000 1977 1472 1421 85  0.090C  0.315  0.253 0,221 .38 3.247
131 300 1000 2000 1988 1492 1482 104  0.10 0.351  0.233 0.285 2.890 2.8I8
152 300 799 2000 1983 1535 1415 49 -0.013% O0.194  0.046 0.199 2,477 2.875
153 300 1001 2000 1979 )2]18 2188 122 -0.051 \ 0.184 -0.128 -0.141 2.712 2727
154 300 999 2000« 1981 /1627 1749 98  0.03D 266 0,245 0.247 2,709 2.484
155 300 1001 2000 1989 /2759 2952 119  0.085  0.263 -0.532 -0.849 4.123  3.703
156 300 1000 200c 1984/ 2199 2334 49  0.085  0.255  0.014 0.017 3.03; 3.109
152 300 999 2000 1 1439 1544 75 0.018  0.238 -0.003 -0.037 3.7 3.19]
158 300 1000 2000 86 1323 1412 93 -0.008 0,235 -0.129 -2.091 3.103 3.152
159 300 999 2000 A980 1438 {744 47  0.062 0.256  0.072 0.072 2.841 2.828
140 300 999 T000 /1945 3073 3217 45 0.087 0,228  0.047 0.054 3,177 3.2
141 300 1000 2000 (1982 1338 1624 78 -0.014 0,203  0.113 0,092 3.147 3.198
1862 300 #9% 2000 ‘,986 1529 1455 4%  0.084 0.268  0.194 0,243 2,891 3.117
143 300 1000 00 0 18 1737 102 -0.024  0.21%  0.252 0,177 3.43r 3.310
144 300 999 1971 1812 1883 48  0.006  0.196 -0.129 -0.12% 3.109 3.04¢
163 300 2000 1976 1549
146 300 1001 2008 01978 1149 1300 107  0.035  0.319  0.217 0.294 3765  3.62
147 300 1000 2400 ~-I%99 1316 1408 79  0.019  0.240 0,090 0.079 3.336 3.318
148 300 og 2080 19 1442 1491 86 -0.033  0.188 -0.051 -0.117 2.838 2.910
149 300 1005 20 19771480 1627 92 0,103 0,335  0.094 0,167 2.946 13.243
170 300 799 2000 |1%62 (1442 1523 82 -0.002. U.Sgﬂ 0.201 0,238 3.200 3.040
171300 1001 2000 N\}§75 /1877 2078 93 0.2 0.W34 0,288 0,255 3.267 3.2%4
172 300 1000 2060 1984 5 1373 1740 95  0.089 0,319 0.246 0.187 3.038 2,789
173300 1000 2000 §995f 2787 2926 73 0.070 0,228 -0.034 0,041 3.102 3.258
174 300 1001 2000 1978’ 2638 2789 114 0.0186  0.217  0.11 0.147 2,483 2.575
175300 999 2000 1977 1991 2085 5%  0.051  0.218  0.i53 0.186 3.418 3.547
174 500 999 2000 1985 1749 1804 70 -0.049  0.148 -0.010 -0.018 2,942 2,959
177300 999 2000 1974 1922 2014 43 0,043 0.218 -0,33% -0.232 4.482 4.246
178 300 1000 2000 1973 2233 2414 94  0.093 0,287 -0,078 -0.104 3.137 3.007
179 300 1000 2000 1985 1493 1643 105  0.057  0.307  0.297 0.317 2,623 2.448
180 300 1001 2000 1981 1412 1495 107 -0.029  0.223  0.174 0.184 2,946 2.984




GH AUDITORY

NIMBER MEAN  SYNCH NMEAN VARIANCE OF CORRELATION F ROOT B1- OF  KURTOSIS (82)
SESS TRIALS FP INT R RL RL+FP FP  RL,FP RL+FP,FP RL  RL+FP RL RL#FP
181 300 1000 2000 1¥85 1404 1321 79 0.055  0.28]  0.177 0.24%7 3.078 2.843
182 300 1001 2000 1983 1428 1523 72 0.036 0.253  0.019 0.038 2.877 1.032
183 300 998 2000 1979 1437 1534 41 0,062  0.25%  0.098 0.082 2.916 3.024
184 308 1008 1973 1935 1379 1472 99  -6.007  0.233 .0.2%0 0.332 3315 3.528
183 300 1001 1950 1928 3350 3415 107 -0.035  0.142  0.047 0.040 3.184 3.318
1886 360 1000 1925 1915 1471 1347 98 -0.029  0.223  D.040 0.191 2.907 3.190
187 300 1680 1900 1B84 1334 (442 BS  0.033 0,275  0.045 0.023 3.884 3.407
188 300 1000 1875 1844 1411 1474 84 -0.029  @.1%4  0.007 0.130 3.217 3.145
189 300 999 1850 1833 {293 1384 84  0.011  0.257  0.237 0.380 4.010 4.034
190 300 999 1825 1803 1400 1447 78 -0.046  0.186 0.2 0 2867 3.304  3.0%3
191 300 1000 1800 1788 1584 1454 1i% -0,05%  0.211 0,803 0.09% 3.123 2.994
192 300 1600 1775 1742 1293 1390 79 0,028  0.244 -0.238 -0.153 3.472 3.7274
193 300 1000 1730 1739 1147 1244 87 0.0 0,283  0.323 0.386 3.07% 3.083
194 300 1001 1750 1743 1449 1752 134 -9.033  0.244 -0,18] -0.099 2.808 2.817
195 300 999 1750 1743 1071 1150 78 0.002  0.282 -0.123 -0.094 3.403 3.484
196 300 1008 1750 1237 1031 1118 93  -0.011  0.278  0.233 0.284 2.914 {04
197 300 1000 1750 1741 981 1032 4% -0.035  0.224 -0.085 -0.108 3.031 3.209
196 30 999 1730 1733 1108 1227 74 0,074 -0.219  -0.038 0.026 2.924 3.144. .
199 300 1000 4750 §738  B32 1043 %5  0.152  0.444 0,212 0.351 2.840 3.082
200 300 1000 1750 1738 1241 {353 91 0.001  0.240  0.053 0.04% 3.249 3,271
201 300 999 1730 1730 1095 1148 B0 -0.044  0.220  0.113 0.157 3.239  3.442
202 300 1000 1750 (740 983 1074 98 -0.008 0.295  0.138 0.131 2,851 2.372
203 300 999 175 1735 1282 1325 80 -0.0S7  0.189 -0.03f -0.002 3.00% 3.180
204 300 1000 .1730 1740 1234 1274 95 -0.076  0.198  0.133 0.173 3.004 3.231
205 300 - 000 1750 1741 1071 1247 94 0,124  0.393  0.018 0,144 3,223 3.411
206 300 999 1750 1739 1194 1252 44 -0.014 0,215  0.201 0.195 3.526  3.448
207 300 1000 1730 1744 1211 1314 93 0011 0,279 1.20f 1.188 B.74% 8.082
208 300 1000 1750 173% 828 957 94  0.05%  0.372  0.022 0.08% 2.505 2.573
209 300 1001 1750 1742 1083 1124 97 -0.087 0,208  0.208 0.105. 3.285 3.134
210 300 1000 1750 . 1743 B840 949 M -0.003  0.307 -0.022 0,042 3.125 3.3%4
211300 1001 1730 17243 1001 1139 f00  Q.040. 0.393  0.188 D0.240 3.140 3.206
212 300 1000 1750 1741 1104 1249 104  0.04) 0,346 -0.279 -0.215 3.004 3.021
213 300 1000 1750 1742 928 945 71 -0.045 0.207  0.046 .0.048 2.797 2.834
214 300 1000 1750 1744 979 1057 87 -0.015 0.272 -0.083 0.940 -2.923 3.044
215 300 1000 1750 1241 912 9%% 93 -0.024  0.284  0.005 0,136 2.7%0 3.05%
216 300 999 1750 1738  B43 905 43 -0.045  0.221 -0.010 0.034 2.709 2.729
217300 1000 1750 173% 1207 1292 B4 -0.001  0.257  0.057 0.050 3.198 3.404
218 300 1008 1750 1744 1090 1134 90 -0.038  0.242 -0.124 -8.150 3.140 3.213
219 300 1000 1730 1736 1458 1383 94 0.044  0.287  0.01% 0.037 3.040 2,245
220 300 1000 1750 1737 840 919 8% -0.0F3 0.238  0.292 0.246 4.747 4.019
21 300 1000 §750 1737 1048 1211 %4 007 0.350 0.293 0.337 3.302 3.23%
22 300 1000 1730 1743 §141 1190 95 -0.100  0.i84  0.484 0.416 4.147 2.707
223 300 1000 1730 1743 98] 1105 105  0.029 0.333 -0.094 -0.042 3.289 3.301
224 300 1000 , 1730 1747  B23 902 89 -0.021 0,293  0.048 -0.081 2.527 2.304
225 300 1000 {750 . 1734 949 f020 87 -D.042 0.232 0.1 0,150 2.99% 13,146
226 300 1000 1730 1743 836 6835 88 -0.i28 0.194  §.243 0.240 3.04% 3.173
221 300 §9¢ 1750 1744 747 B4B 93 0,017 0.345 -0.052 0.199 3.942 3.932
228 300 1000 1730 1741 114% 1193 €9 -0.072 0.203  0.282 0.327 3.283 3,473
229 300 1000 1750 1740 1093 1185 94 -0.007  0.278 -0.001 -0.107 3.918 3.5%9
230 200 999 1730 1740 998 1092 91  0.004  0.294  0.114 0.185 3.005 3.084
231 300 999 1750 1741 - 942 1034 92 0.000  0.294 -0.181 -0.088 3,146 3,353
232 300 1000 1750 1737  87% 1082 114 0.142 0.452 ©.002 0.381 3.396 3.944
233 308 1000 1750 1742 954 1043 83  0.011  0.2%2  0.087 0.096 2.793 3.044
234 308 1060 1750 1742 845 934 9% -0.007 0,308 0,037 0,194 3.228 3.704
235 300 1000 1750 t736 1002 114 92 0.035 0,320 0.183 0.251 2.887 2.979
238 300 1000 1730 1742 1288 13%7 93 0.023  0.280  0.302 0,340 J.008 3.194
237 300 1060 1730 1742 847 924 82 -0.008  0.289 -0.05B -0.046 2.603 2.51i
238 300 1000 1730 1739 938 1001 111 -0.073  0.241 -0.004 0.040 3,120 3.235
239 300 1000 §750 i741 1110 1170 83 -0.03%  0.229 -0.004 0.076 2.910 2.839
240 300 1000 1730 1739 1090 1180 87  0.003 .27 0.941 0.055 3.337 3.349




6H AUDITORY

NIMBER MEAN SYNCH MEN VARIANCE OF CORRELATIRN OF ROOT 81 OF  KURTOSIS (B2)
5ESS  TRIALS FP INT R RL RL#FP FP  RL,FP RLYFP,FP RL RLtFP RL RL+FP
241 300 1000 1750 1744 1040 1144 93 0.051 0.3 0.209 0.296 - 3.038 2.946
242 300 1000 1750 1739 1092 1139 93 -0.072 0.214 -0.113 -0.0%1 3.005 3.303
243 300 1000 1750 1743 781 887 88 0.03% 0,347 -0.004 0.23% 3.044 3.100
244 300 1000 1750 1741 1033 1129 10 -0.02f  0.293  0.251 0.282 3.185. 3.119
243 300 1000 1736 1747 1147 1219 102 -0.022  0.219  -0.115 0,047 3.400 3.472
244 300 1000 1750 1739 1220 1327 89  0.026 0.285 0.222 0.303 3.125 3.334
247 300 1001 1756 1737 1716 (813120 -0.028  0.232 -0.191 -0.098 2.470 2.4%9
248 300 1001 1750 1751 931 1131 135 0.092  0.429  0.104 0.086 2.%41 2.7%9
245 300 1000 1750 1750 938 {116 94  0.142 0,420 -0.097 -0.022 2.974 2.9%0
2350 300 1000 1730 1731 940 1039 79 0.033 0.308  0.38% 0.J51 2.%31 2.758
231300 1008 1750 1752 1013 1078 47 -0.807  0.242 -0.095 -0.048 3.105 2.235
252 308 1000 1750 1751 1141 1321 83 0.120  0.346  0.15% 0.178 2.994 2.947
233 300 —JUDS. 1750 1745 958 1014 79 -0.042 0.239 -0.087 -0.003 3.148 3.146
234 300 1080 1750 1751 1148 1228 71 -0.019 0,222 -0.04% -0.027 3.519 3.248
235 300 999 1750 1744 949 981 49 -D.072  0.194  0.237 0.149. 3.273 -3.158
238 300 180 1750 1751 143171620 97 6.123  0.341  -0.014 0.113  3.4614  3.419
237 300 1001 1730 1744 1203 1333 118 0.014  0.313 -0.059 0.114 2,955 2.382
+238 300 999 1750 1745 742 852 88  0.007 0.323 -0.247 0.093 3.419 3.878
239 300 1000 1730 1744 728 841 105  0.013  0.347  0.249 0.239 3.248 3.208
260 300 1000 1730 {742 804 87! 71 0,009 0.277 -0.087 -0.021 3.157 3.299
261 300 1000 1250 1749 902 1042 84 0,139  0.409  8.102 0.24] 3.223 3.25%
262 30 999 1730 1744 728 809 92 -0.015 0.322 -0.117 0.013 3,252 2.897
263 300 1000 1225 1727 1085 1124 -0.043  0.198  0.208 0.287 3.382 3.0
284 300 1001 1700 1699 796 893 103 -6.010  0.331 -0.045 0.039 2.834 3.248
265 300 1001 1479 1671 748 878 98  6.023  0.355 -0.043 -0.048 3.182 3.143
266 300 1001 1450 1441 1283 1408 118  0.009 0.298  0.000 0.219 2.921 3.048
267 300 1000 1623 1627 1035 1149 86 0,048 0,318  0.{48 0.201 2.854 3.1i8
268 300 1001 1600 1596 1771 1267 101  -0.125  0.115 -1.031 -0.971 7.113 4.821
289 300 1000 1375 1337 1902 2940 8%  0.040  0.247 -0.190 -0.125 2,597 2.783
220300 1000 1330 15484 921 101% B9  0.017  0.311 0,194 -0.082 2.938 2.984
271 300 1002 1325 1321 1036 1097 118 -0.082 0,249  0.0B9 -0.003 3.058 2.980
2721 1000 1300 1494 990 1034 89 -0.874  0.219 -0.015 0.029 3.054 3.184
273 300 999 1300 1497 794 834 B84 -0.041 0,273 0,224 0.321 3.075 3.434
274 300 - 1500 j498 1273
275 300 999 1300 1490 884 944 47 0.022  0.289 -0.014 0,129 2.932 3.273
276 300 1000 1500 1493 880 942 81  0.001  0.292  0.149 0.112 2,977 2.880
77 300 1006 1300 1493 822 ¥4 97  9.084 0,377  0.099 0.187 3141 3.{10
278 300 1000 1500 1496 445 835118  0.095 0.4  0.217 0.477 3,184 3.845
279 300 1001 1360 1493 819 944 109  0.026 0.344  0.189 0.333 3.453 3.540
280 300 1000 1500 1491 848 949 84 -0.005 0.292  0.012 0,309 3.443 3.524
81 300 1000 1300 1494 734 829 B3  0.021 0,336 0.084 0.0%6 3.495 3.034
282 300 1000 1300 1499 443 730 88 -0.005 0.337  (0.179 0.203 3.541 3.%54)
283 - 300 599 1500 1493 841 931 M1 0,039 0.313 -0.242 -0.132 4,846 4.1%9
284 300 1001 1500 1501 1282 1403 103 0.025  0.297 -0.067 -0.097 3.404 3,523
283 3 1000 1500 1496 428 737 0.066 0,388  0.179 0.314 2.985 300
206 300 1001 1300 1494 1162 1303 137  0.003  0.329  0.084 0.326 3.435 3.904
287 300 1000 1300 1493 984 1101 94 0.034  0.323  0.027 0.125 2.969 3.039
288 300 1000 1500 1497 433 749 92 0.048  0.390  0.240 0.509 3,255 4.559
8% 300 1000 1300 1493 4B 748 87 -0.013  0.322 0.031 0.087 2.731 2.3
2%0 300 1000 1500 1492 734 743 79 -0.103 0,220 -0.083 0.050 3.40! 3,322
271 300 1001 1500 1493 431 763 BS  0.03% 0,387 -0.185 -0.131 3,227 1.073
292 300 1000 1500 149% 487 792 74  0.063  0.349  0.008 0.2256 2.80¢ 3.390
293 300 1000 1300 1477 2314 2474 92 0,074  0.244  0.209 0.214 3,508 3.548
294 © 300 1000 1300 1488 3211 3200 98 -0.097 0.077 6.134 0,102 3.420 3.209
293 300 1000 - 1300 1488 1494 1491 91 0,145 0,348 0,149 0.272 3.1%1 3.3%8
296 300 1001 1500 1493 483 843 118  0.071  0.439 -0.132 0.197 4.492 4,949
297 30D 999 1500 1484 - 984 1092 87  0.035  0.316 -0.137 -0.038 3.043 3.178
278 300 1000 1500 1494 547 414 94 -0.055 0,343 0.109 0.191 3,355 3.309
259 300 1000 1500 1491 839 §29 79 0.023 0,313 -0.418 -0,575 S.150 4.784
300 300 1001 1300 1491 423 735 §1  0.0484 0.3  0.104 0.180 3.00f 3.287




BH AUDITORY

NIMBER NEAN  SYNCH MEAN VARIANCE CF CORRELATI(N OF ROOT BY OF  KURTOSIS (B2)
SESS TRIALS FP INT R RL RLFP FP RL,FP RL4FP,FP RL RL4FP AL RL¢FP
301 300 1000 1500 1491 491 780 77 0.028  0.339  0.204 0.282 3.18% 2.9%9
302 300 1000 1500 1491 473 707 49 -0.0B2 0,233 -0.070 0.008 3.118 2.8713




R4 AUDITORY

NIMBER HEAN  SYNCH MNEAN URRIANCE CF CORRELATION OF ROOT BI OF  KURTOSIS ¢82)
SESS TRIALS FP INT  RL RL RL:FP FP  RL,FP RL+FP,FP RL RL+FP RL RLeFP
1300 ¢3) 900 156 139 1004 1084 90 -0.017 w272 -0.734 -0.584 10.993 §.7%2
2 25% (1) 908 1S 162 315 393 199 -0.082  0.452  0.108 0.%01 3.79% 5.133
3300 900 130 140 288 319 81  -D.029  0.479 0,004 0.138 3.9%0 3.449
4 300 700- 1S 156 429 715 86 -0.001  0.34 -1.435 -1.491 10.781 9.Bl4
5 297 <4) 900 130 154 1047 1102 84 -0.049  0.228  0.410 0.3i9 11.057 9.012
& 300 900 150 152 225 287 67 . -0.088 0.471  -0.397 0,136 3.3 4,351
7300 908 150 152 218 260 B1 -0.146  0.425 -0.143 0.144 3.354 3.145
g 300 900 150 183 202 255 84 -0.121  0.446 -0.249 0.115 2,983 3.110
? 360 00 130 -0.159  0.474 0,429 -0.118 4.477 3.534
10 300 f00 130 -0.009 0.533 -0.031 0.198 3.748 . 3,234
11 300 900 150 -0.154  0.3%0 -0.254 -0.079 3.932 3,837
12300 ?00 130 -0.0%5  0.520- -0.321 0.333 4.117 4,538
13300 00 150 0.072  8.450  0.841. 2,350 4,258 18,740
14 300 0 150 -0.082 0,325 -0.327 -0.123 3.904 3,732
15 300 200 130 -0.074  -0.569  [.423 0.912 3.404 35.847
14 300 (1) 900 130 -0.102  0.384 -0.025 0.147 4.477 4.141
17300 (1) %00 150 0.015  0.522  -1.136 -0,109 12,130 4.44%
18300 ¢2) 906 150 p.02r  0.385 -0.077 0.232 3.407 3.83)
19 308 900 130 0.036  0.414 -0.432 0.107 4,564 3.845
20 300 00 130 -0.056  0.343 -0.195 0.092 3.140 2.978
21 300 ¢y 900 150 0.0%5  0.430 -0.24]1 0.378 3.848 4,138
22300 0 130 191 y 171 243 89 -0.070 0.548 -0.,247 10,207 3.274 3.393
23 300 500 130 1487 323 34% 98 -0.146  0.37% -0.573 -0.124 4.923 4.828
24 300 900 150 45 190 278 €9 -0.007  0.56L  -0.040 0.320 2.957 3.095
25 300 00 180 158 152 225 B4 -0.044 0.574 -0.230 0.224 2.905 3.504
26 300 00 150 150 170 242 &9 -0.049  0.548 -0.573 -0.054 5.725 4.441
27308 (1) 900 (30 14% 183 237 %0 -0.141  0.492 -D.484 -0.081 4.403 3.192
28 300 <1y s00 10 154 206 289 81 . O0.011  0.538 -1.494 -0,39% 13,314 7.437
29 300 130 135 i1
30 300 900 190 155 141 748 91 0.072  0.459 -0.099 0.840 3,183 4.057
31 300 1) %00 150 152 182 241 91 -0,126 0,506 -0.157 O0.111 3.049 3.208
32 300 (1) %00 §30 150 187 279 101 -0.034  0.574  0.071 8.748 3.7286 4.514
33 30 (1) %00 130 IS5 155 243 ¢ -0.015  0.401 -D.158 0.307 -3.804 3.409
34 300 00 150 137 152 223103 0.04%  0.470 -0.251 10.427 3,899 4.2%4
335300 00 150 180 277 370 73 0.046  0.507 -).004 -0.414 7.303 5.48
36 300 900 150 157 180 281 101 -0.002 0.40t - -0.1B4 0.488 4.128 4.594
373001 900 150 134 152 242 89 0.004  0.410 -0.054 0.380 3,190 3.449
g 300 900 158 154 155 228 88 -0.044 0,349 0,278 0,479 3.098 4.2%)
39 300 (1) %00 150 13 142 239 8BS D.141  0.480 -0.072 0.3%6 3.934 .4.220
40 300 (1) %00 150 133 49 231 98 -0.049  0.598 -0.042 0.336 3.443 3.748
41 300 : 130 151 222
42 3 156 158 .240
43 300 130 132 174
44 300 130 153 143
45 300 150 152 148
46 301 M0 150 IS5 296 392 93 0.004  0.4%4 2,210 -0.448 19,181 B.014
47 300 900 150 142 183 283 104 -0.003 0,594 -0.335 0.344 4.271 5.30
48 ° 300 900 190 159 175 240 81 0.01%  0.573  -0.471 0,114 3,749 3.443
49 300 %00 {30 142 172 228 91 0,055 §.417  -0.031 0.734 2.744  5.048
S0 300 960 138 132 145 242 99 -D.004  0.43F -0.089 0,445 3.173 4.479
31 300 700 130 131 143 249 83 0.103  0.457 -0.447 -B.044 3.5 3,349
32 300 <1) 900 150 145 220 303 101 -0.040  0.526 -B.400 0,205 3.459 3.412
33 300 %00 130 159 140 244 84  0.07%  0.432 -D.418 D0.29) 5.048 - 4.030
54 300 ¢1).%00 130 149 139 227 79 0.044  0.423  0.229 0.432 3.043 3.31B
33 300 ?00 IS0 134 141 224 84 -0.014  0.407 -D.03D 0.39% 3.518 3.551
36 300 500 150 148 276 S M2 -0.036  0.514 -0.938 -0,302 7,314 4.842
37 300 <) %00 K50 155 185 30f 83 0.135  0.631 -0,317 0.294 3.030  3.4%0
J8 300 00 150 135 171 305104 0.184 0,448  -0.797 0.566 5.411  4.110
59 300 00 130 133 137 257 9% 0.107 0.8  L.0BS 0.588 2,872 3.78!
40 300 900 130 153 185 245 90 -0.040 0,350 -0.343 3.262  3.3%7

-



R4 AUDITORY

NUMBER MEAN  SYNCH MEAN UARIANCE GF CORRELATIIN OF ROQT B! OF  KURTOSIS-(B2)
TRIALS  FP INT  RL RL RL+FP F RL FP RL4FP FP RL  RL4FP  RL RL4FP
0 (H ¥ IS5 1584 129 242 0.086  0.486 -0.207 0.420 2.874 4.504
00 900 140 183 178 297 0.095 0,437 -0.200 0.343 23.14B 4,034
300 Wl 143 147 147 2%6 0.114  0.448  0.043 0,538 3.044 3,477
an 00 1700 175 144 288 0.085  0.455  0.18% 0.541 2,807 3.993
300 €2 0 175 176 166 288 0,083  0.435  0.091 0.471 3.510 3,854
360 00 175 177 1746 284 "0.13 0,627 0.045 0,341 2.977  3.440
300 (1 908 478 1 128 230 0.073  0.7200 -0,127 0.944 2.8B0 4.487
300 MW 173 176 174 334 0.176  0.704  0.409 1.583 5,207 11.824
300 ye 175 182 171 82 0.096  0.432  0.292 0.491 4.1 3.489
300 (1) %00 180 185 173 322 0.200  0.497 0,047 0.352 3,107 3.444
300 (1. 900 1BS 184 185 204 0.078  0.631  0.187 0.834 3.275 4.965
300 700 190 194 140 289 0.104 | 0.468  0.311 0,781 4,281 4.314
00 (1 900 095 194 202 312 0.118  0.400  0.274 0.398 3.241 3.428
00 900 200 201 287 402 0.071 0.533  1.073 0.88% 7.755 4.735
300 200 200 203 185 272 0.118  0.667  0.003 0.442 2.811 3.244
300 900 200 202 213 341 0.087 0.616  0.218 0.483 2.935 3.472
300 g9y 200 198 227 W7 0,173  0.404  0.204 0.674 3,518 3.734
300 F00 200 199, 306 42 0.088  0.528 0.292 0,325 3.314 3,289
300 205 20 20 . .
300 00 210 210 281 397 0.087  0.547 0,207 0.597 2,803 3.736
300 00 200 203 284 417 0.101  0.368  0.342 0.541 3,507 3.1%8
300 00 00 208 145 243 0.100  0.414  0.323 0.463 2.757 3471
300 1) 900 200 204 248 41D 0.200 0,610  0.294 0.333 3.814 4,224
300 (2) %00 200 201 177 287 0.028 0.381  0.288 0.441 4.230 4,308
300 00 195 192 224 3%2 0.128 0.4  1.083 1.112 8.987 7.484
300 (1) %00 190 191 191 299 0.008  0.601  0.209 0.442 3,590 5.085
300 00 183 188 1M 279 0.083 0.472  0.14% 0.418 3.093 4.493
308 900 188  1B0  §%0 298 0.0722  0.404 -0.038 0.349 3.1 3.027
300 00 575 173 129 235 0.077  0.624 -0.11) 0.733 3.304 5,239
300 00 170 172 140 291 0.140  0.479 -0.037 0.489 2.986 3.317
300 (1) 90§ 185 148 124 310 0.106  0.867 -0.31% 0.381 3.329 3.435
kil 700 180 140 132 214 -0.027  0.820 -0.102 0,383 2.952 4,193
300 0 155 156 135 259 0.034 0.433 -0.445 0.321 3.428 4.001
300 00 130 149 181 241 -0.079 0,360 -0.871 0.144 4.120 1.507
300 (1) 900 145 [40 194 273 -0,039  8.331  -0.116 0.235  3.0014  3.292
0 <1 %00 140 138 208 209 <0028 0.312 -9.292 0,212 3.583 3.399
W0¢ 900 135 138 239 281 -0.187  0.423 -0.505 0,279 5.854 4.242
300 900, 130 132 136 234 9.000 0.431 -0.321 £.333 3.194 3.862
300 (1) %00 125 128 201 222 -0,238  0.3%7 -0.3%8 0.031 4,925 5,229
301 900 120 114 34 338 -0.308  0.225  -1.1B2 -1.037 . 7.532 7.446
300 #0115 120 21 26 8.3 0,297 -1.494 -0.44F 11,013 4.485
380 00 110 111 318 314 -0.273 0,230 -1.036 -0.427 4.893 4.720
302 200 105 108 328 333 0,233  0.248  -1.B48 -1.098 11.432 .94
300 900 100 93 474 445 -0.232  0.188 -0.413 -0.345 3.428 13.529
300 900 100 102 492 494 0,209 0.217  -0.974 -0.781 4,293 4,041
301 00 103 104 338 313 -0.330  0.242  -1.274 -0.778 8.345 4.941
301 Mo 10 N3 314 3 -0.220  0.293  -0.974 -1.153  7.315  B.149
301 00 113 11y 279 292 -0.234  0.327 -1.523 0,751 10.182 4.762
300 0 120 124 188 217 -0.233  0.425 -0.845 -0.213 4,916 4.486
110 299 (1) %00 125 133 A9 231 -9.172  0.438 -0.849 -0.448 3,237 5.180
t1 300 e 130 133 188 220 -0.233  0.438 -0,398 -0.117 . 3.457 3.913
112 300 700 135 137 158 229 -0.144  0.573 -0.320 0.144 3,745 3.380
113 300 P00 140 137 27 %4 -0.036  0.516 -0.336 0.459 3.72 4.118
114 300 00 145 130 155 300 0.181  0.708 -0.204 1.138 3.059 B.438
113 300 300 130 131 147 213 -0.103  0.542 -0.119 0.530 2.98f 3.549
116 300 (2) 9500~ 150 151 141 210 -0.092  0.576 -0.343 0.047 - 3.193 2.984
117 300 9000 150 151 136 A9 0.005  0.615 -0.117 0.337 3.032 4.218
118 300 . 900 150 149 134 237 -0.044 0,595 -0.408 0,141 3,103 3.534
119 300 00 150 147 14 218 -0.109  0.527 -0.473 -0.200 5,210 4.588
120 300 00 145 142 172 244 -0.020  0.38% -0.353 0.374 3.548  3.89%




R4 AUDITORY

NIMBER MEAN  SYNCH MEAN WARIANCE GF CORRELATION €F ROOT By OF  KLRTOSIS (B2) -
SESS  TRIALS FP INT  RL RL RL+FP FP  RL,FP RL4FP,FP RL  RL+FP AL RL4FP

121 300 $00 140 140~ "199 285 97 -0.040  0.550 -1.187 -0.594 7.448
122 308 700 135 134 203 254 88 -0.135  0.448 -0.191 0.240 5.838
123 300 <3y %00 130 129 194 201 €8 -0.308  0.380 -0.890 -0.134 5.140
124 30D 700 125 124 174 287 79 ~3.206  0.430 -0.542 -0.047 4.383
125300 700 120 122 213 253 100 - -0.207 439 -1.183 -0.049  5.440
126 301 §00 115 108 441 404 80 . ~9.305 Jd28 0 -1.015 -0.819 4,828
122300 701 110 11 252 197 97 -0.484 Jd51 0 -1.145 -0.238  4.373
128 300 500 105 101 304 294 83 -0.298 223 -1.4B4 0,448 7.122
129 300 700 100 108 279 234 %0 -0.428 J3 0 -0.877 -0.458 4,037
130 30 #00 3 97 332 434 80 -0.284 06 -0,342 -0.415  3.154
131 301 ¥00 AL 4 305 431 w0 -,384 038 -0.%31 -0.588 4,171
132 30 700 95 93 38y §73 94 -0.233 JA72 0 -0.973 -8.791 4,445
133 302 00 iBD - 98 370 503 8% -0.347 030 -0.804 -D.44%  4.019
134 300 700 100 97 410 378 B8 -0.314 35 7 -0.410 -0.12%  3.804
135 300 300 108 §5 472 409 92 -0.372 L0750 -0.801 -2.307 4970
13§ 300 S0 100 103 327 328 90 0,257 268 -0.467 -0.054  3.408
137 301 700 100 §¢ 331 320- 87 -0.338 168 -0.983 -0,77%9  5.140
138 300 e 100 104 442 419 BS  -0.279
139 301 200 190 103 414 372 B9 -0.343
140 302 899 100 100 433 417 97 -0.317
141 300 00 100 103 453 441 99 -0.244
142299 (1) 900 100 102 404 358 93 -0.358
143 380 0 100 g1 414 527 105 -0.378
144 300 0 100 105 393 392 91 -0.244
143 302 %00 100 ¥8 437 426 Bt -0.244

4,124
3.501
2.933
3.870
4.078
5.108
3.135
4.340
3.723
2.830-
3.199
4.437
3,794
2.819
3,342
3.139
4.552
64 -0.455 -0.283 3,492 3.140
28 -1.042 -0,%48  5.040 5.417
U351 -1.105 -0,797  5.455  4.912
4,422
3,223
3,154
3.447
3.843
3
5
3
3
K|
4
3
&
q
4

207 -0.921 -0.734 4,554
30 4 -0.441 -0.462 3.?64
038 -0.404 -0.523 3,123
2238 -0.443 -0.444  3.445
8% -0.733 -0.554 4,380

0
0
0
0
0
8
0
0
D
0
J
0
0
0
0
0
0
0
0
0
0
0
;
320 285 87 -0.346 g.ldé -0.893 -0.409 3.4814
0
0
0
g
0
0
{
g
i
0
[
0
g
0
0
0
0
0
0
0
0
0

146 301 445 382 105 -0.388 Jd08 0 -9.775 -0.358 4417 3,914
147 301 330 37 92 -0.345 A28 -0.749 -0.619  5.424  5.70B
148 300 289 227 96 -0.4277 184 -0.757 -0.143  4.204  3.181
149 300 421
150 300 385 334 91 -0.380 J1é 0 -0.4863 -0.45% 4,002 3.818
131 300 299 294 107 -0.313 288 -1.073 -0.334  4.36%7  4.549
152 300 262 217 7% 0,222 G700 -0.4826 -0.173 3,291 417
133 30 300 292 89 -0.299 250 -0.975 -0.928 5,872 4.45)
134 300 M3 281 94 -0.429 429 -0.803 -0.222 5.545 4.144
135 301 331 7103 -0.318 245 -0.B34 -0.44%  5.124 4,098
156 330 334 328 88 -0.273 241 -0.774 -0.448  4.114  3.472
157 300 347 318 91 -0.381 J25 0 -0.942 -0.493 4,157 3.119
138 300 440 377 88 -0.424 014 0,439 -0.303  3.446 2.431
159 300 6313114 -0.331 283 -0.840 -0.183  4.250  3.404
140 301 466 392 83 -0.398 023 -0.467 -0.226 3,718 2.858
181 300 307 444 81 -0,30% 099 -0.967 -0.788  4.255  3.89%
142 -300 324 34 &7 -0.170 277 -0.408 -0.500  4.003 5.307
163 300 381 383 97 -0.242 260 -0.988 -0.696 4,372 3,714
144 308 287 288 73 -0.24¢ 236 -8.711 -0.403  3.520 3,32
163 300 280 222 103 -0.430 217 -1.229 <0447 5,974 4,444
146 300 339 33 117 -0.29% 294 -1.082 -0.928 4.518 - 4.744
147 300 292 277 97 -0.3¥ 248 -0.B32 -0.427 3.947 4,130
168 200 275 28 80 -0.293 249 1,152 -0.331  4.1%4  4.671
147 300 238 239 M4 -0.135 208 -1.085 -0.501  4.427 3,488
170 300 1y 382 97 -0.183 L350 -1.100 -0.877 4,452 4.473
17¢ 300 300 275 83 -0.342 A3 -1.633 -0.763 4,702 4,337
172 304 458 434 150 -0.3%1 J6%  -1.344 -0.753  5.473  3.988
173 300 273 248 BS 0,298 0,240 -0.942 -0.558 4,240 2,928
174 300 346 332 73 -0.226  0.194 -1.037 -0.814 5.529 4.804
175 300 260 197 122 -0.521  0.187 -1.4%9 -0.417 6.461 4,241
176 300 281 279 73 -0.243  0.248 -1.174 -0.477 4.232 4.575
177 300 227 241 84 -0,233 0,345 -0.414 -0.124 1911 3.4%1
178 300 217 244 110 -0.246  0.420 -0.767 -0.39% 4.291 3.905
179 300 258 245 73 -0.213 0,227 -1.240 -0.760 5.110 4.341
180 300 287 283 94 -0.298  0.277 -1.016 -0.692 5.731 4.7%0
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Rd AUDITORY
NIMBER M SYNCH MEAN VARIANCE OF CORRELATI(N OF ROQT B) OF  KURTOSIS (B2)
SE85  TRIALS FP INT  RL RL4FP FP RL,FP RL#FP,FP RL  RL+P AL RL¢FP
181 300 1001 109 105 215 223 96 -0.300  0.381 -1.28% -0.172 7.713 3.743
182 300 1000 100 105 246 233 100 -0.341  0.284 -0.878 -0.443 5.337 3.44)
183 300 8979 100 59 M4y 0 %0 -0.431  0.187  -0.541 -0.391  3.293  3.087
184 300 1000 100 58 318 318 9¢ -0.247  0.266 -0.899 -0.314 4.478 3,843
185 300 009 100 101 287 284 88 -D.34y  0.214  -1.134 -0.443 5.488 3.813
186 300 1001 100 04 141 210 12t -0.235 0.336 -0.824 -0.150 4.918 4,302
182 300 1060 100 104 173 1B4 43 -0.23%  0.352 -0.930 -0,385 4.8i1 4.18)
188 30 1000 100 101 224 227 105 -0.335  0.348 -0.862 -0.528 4.803 4.480
189 300 1060 100 100 347 3N 84 -0.174  0.307° -0.919 -0.747 4,384 3.914
190 300 1606 100 105 286 309 83 -0.206 §.338 -1.436 -1.072 7.288 4.947
191 300 999 100 104 207 237 73 -0.173  0.393 -1.042 -0.450 4.0%2  5.303
192 300 1000 100 10d 288 307 95 0,229 0.334 -0.894 -0.408 4,499 4,117
193 300 1000 100 106 249 262 4% -0.211  0.304 -0.B1% -0.414 4.§82 3.8%1
194 300 1000 100 101 345 337 79 -0.,24%  0.217  -0.933 -0.430 4.843 3.3
195 300 1000 100 102 255 251 84 -0.302 0.274 -1.212 -0.374  4.7B8 4,174
196 300 99¢ 100 103 236 248 44 -0.263  0.220 -0.478 -0.4465 3.536  3.493
197 300 1000 100 104 248 200 91 -0.444  0.138 049686 -0.311 4.83¢ 3.333
198 300 1001 109 403 309 223125 -0.410  0.240 4275 -0.5%8  5.447 4,172
199 390 {006 100. 103 302 301 §2  -0.28! 0.273 ~-0.930 -0.34% d.624 4.7%7
260 300 1001 160 107 223 28 97 -0.352  0.308( -1.037 -0.44& 4.392 3.704
200 300 999 100 107 230 253 48 -0.250 0.2M ‘“'1‘4?3 -0.987 8.221 4.839
202 300 1901 100 104 209 213 108 -0.353  0.345 -0i938 -0.18%  5.202 4.430
203 300 1060 100 107 §94 231 7% -0.179  0.421 -0.830 -0.300 4.248 4.i8]
204 300 999 100 104 324 298 95 -0.344 0,208 -0.982 -0.385 4.994 3.744
205 300 1000 100 103 226 230 84 -0.291  0.3t6 -0.817 -0.312 4.322 3,733
206 300 1000 108 103 200 223 85 -0.239  0.392 -0.B14 -0.225 ' 4.927 3.323
207 300 1000 100 10% 240 251 8% -0.230 0.31%  -0.9%9 -0.33% 5.472 4,128
208 300 1001 100 105 211 244 B3 -0.117  0.462 -0.744 -0.249 4,327 3.540
209 300 1001 1060 101 334 3314 -0,342 0.242  -1.437 -0.%6%  4.502 5.33)
210300 1001 100 103 293 320 & -0.173  0.338  -0.914'-0.4B4 4.383 4,302
211 300 1000 93 98 263 233 86 -0.31%  0.257 -0.744 -0.5%0 3.}4  3.572
212300 1801 93 99 281 232 103 -0.447  0.173  -1.293 -0.389 4.473 3.3%2
213 300 1060 310 278 256 98 -0.345 0,238 -1.108 -0.833 4.409 4.48]
214 300 101 95 98 28] 273 103 -0.329  0.286 -1.04% -0.420 4.722 4.025
A3 300 1000 73 99 415 3% 114 -0.348  0.18% -0.879 -0.308 4.283 3.14!
214 300 1000 93 97 78 260 166  -0.341 0,283 -0.929 -0.4%8 4,174 4,031
217 300 1001 93 84 371 307 124 -0.438  0.133 -1.100 -0.468 4.830 3.80)
218 300 999 95 100 344 307 74 0,344 0.123  -1.122 -0.941 4.414  4.430
219 300 1800 93 97 299 282 106 -0.401 0,208 -0.478 -0.438 3.491 3.283
220 300 999 5 102 200 227 & -0.174  0.381  -0.773 -0.478 4.433 3.5%3
221 300 1000 5 ¥ 3 W7 97 -0.312  0.245  -0.9%9 -0.312 4.903  4.092
222 300 39% 95 100 284 248 87 -0.347 0.234 -1.47% -0.384 10.048 4.511
223 300 1000 93 325 277 93 -0.408  0.143  -1.007 -0.349 5.123 3.284
224 300 1004 $5 181 338 293 114 -0.443  0.135 -1.224 -0.024 5.48§ 1.B19
223 300 1600 % 93 44 487 100  -0.336  0.101 -0.3%4 -0.37% 3.212  3.100
226 300 1001 L 1 418 M1 97 -0.433  0.035 -0.546 -0.330 2.736 2,83
227 30t 1000 e 2 404 387 88 -0.27%  OLI1F2  -0.B10 -0.433 3.4%8  3.347
228 301 1000 90 92 341 503 A -0.271  0.094  -1.001 -1.087 4,544 5.245
219 300 1000 0 91 332 33 §8. -0.348 0,204 -1.013 -0.514 5.01t  4.199
230 300 999 20 92 390 341 49 -0.34F 0.048  -1.149 -1.033  4.548 4,444
231 300 1000 - %0 $4 379 331 9414 -0.376  0.130 -0.633 -0.2%0 3.421 3.27¢
232 300 1000 90 93 W% 299 74 -0.280  0.219 -D.725 -0.473 4.084 3.840
233 300 1000 90 5 358 348 93 -0.227 0.280 -0.934 -0.385 4.718 4.078
234 100 1000 70 89 302 243 98 -0.458  0.124 -0.923 -0.343 4.279 3.834
233 301 1000 9 89 388 3272 112 -0.377  0.183 -l.446 -1.144  8.773  7.115
236 300 1000 %0 89 346 302 101 -0.438  0.104 -1.041 -0.484 5.448 3,240
237 300 1000 e §2 38 92 %3 -0.347 0,207 -0.712 -0.668  3.84%1  3.947
238 300 1000 70 995 279 257 B85 -0.349  0.212  -1.01% -0.804 4,374 4.442
233 300 1001 70 93 3 241 119 -0.515 0,105 - -1.1%7 0,238 5.677 3.
240 300 1001 0 9l 349 109 -0.372  D.145 -0.903 -0.118 4.099 13.824




Rd AUDITORY

- NIMBER MEAN  SYNCH MEMN VARIANCE OF CORRELATIIN OF RCOT 81 OF  KURTOSIS (B2)
SESS TRIALS FP INT R RL RL+FP FP  RL,FP RLFPFP RL - RL+FP RL RL4FP
241 X0 1001 835 82 430 431 78 -0.211 0.214 0,707 -D.438  3.488  2.975
242 309 1000 83 84 425 Iy 89 -0.347 0.014 -0.733 -0.778  3.407 4,349
243 300 1000 B3 B4 483 417 10% -0.382  0.100 -0.781 -0.342 3.127 2.875
244 300 1001 83 8% 381 374 84 -0.258  0.219 -D.835 -0.722 3.744 3.784
243 300 1000 85 86 371 355 89 -0.287  0.206 -0.420 -0.443 3,239 3.413
246 303 100! 83 87 531 514129 -0.279  0.217 -0.998 -1.047 4.858 4.14)
247 300 1000 83 88 377 322100 -0.400 0,127 -0.585 -0.48] 3.235 3.243
248 300 1080 83 85 387 343 97 -0.312 0.195 -0.584 -0.240 3.178  3.108
249 300 1800 89 87 433 373 92 -0.381  0.087 -0.940 -0.799 3.752 3.440
230 300 1004 83 B3 39 373112 -9.520 -0.040 -0.742 -0.442 3.374 3.090
231 300 798 g3 87 444 434 48 0,146  D.216  -0.430 -0.338 3.337 3.853
282 WM 1060 85 87 441 386 92 -9.405  0.043 -0.449 -0.334 2,930 2.354
253 301 1008 835 87 488 455 7% -0.282  0.113 -1.034 -0.B04 4.799 4.433
234 300 1001 83 8% 410 377 97 -0.326 0.1 -0.495 -0.59] 3,204 3.208
235 300 799 83 91 394 33 84 -0,354  0.114  -0.870 -0.437 3.301 2,598
236 300 999 83 88 404 349 79 0,318 0.127 0,813 -0.492 3.785 3.77%
257 300 1000 83 M 4% 317 85 -0.345 0,157 -0.494 -0.543 3747 3.3W7
238 300 1001 83 85 30 329 95 -0.340  0.182 -0.822 -0.475 3.793  3.749
239 304 1000 83 34 M1 43103 -0.437 -0.011 -1.87% -1.443 10,301 9.927
260 300 799 83 8 30 383 70 -0.249  0.169 -0.557 -0.541 3.562 3.508 °
261 300 1000 #0 93 327 303 B0 -0.32¢  G6.180 -0.438 -0.445 3.i62 2.907
262 300 1000 100 100 246 247 71 -0.327  0.198 -0.924 -0.442 4.406  2.844
263 300 1g0e 110 110 174 171 8% -0.388  0.34% -1.048 -0.274 5.454 4.813
264 300 1001 120 122 127 140 114 -0,335  0.544 -0.425 0.174 3.944 4,821
265 300 1000 130 134 200 242 84 -0.341  0.443 -1.172 -0.279 8.434  4.707
286 200 1080 140 140 148 242 92 0,009  0.423 -0.231 0.405 3.840 4.4%)
267 300 1801 150 130 126 242 104  0.053 0.494 -0.081 0.433 2.997 3.870
268 300 1801 150 152 §12% 243 106  0.033  0.488 -0.110 0.480 3.906 4.202
269 30D 1000 130 52 148 230 98 -0.03%  0.408  0.352 0,581 5.25] 4.323
270 300 998 150 152 131 199 49 -0.004  0.385  0.301 0.412 4.451 5.002
271 300 1001 150 152 144 294 136 0.138. 0.723  -D.143 0.841 3.326 4.280
272 300 1001 -130,- 155 f42 292 114 0.042 0.470 -0.202 0,344 2,828 4.3%0
273 300 1000 15007 1SS 123 269 522 0.097  0.739  0.006 1.459 3.039 9.01!
274 3080 1000 140 H 163 -123 242 94 0,114 0.705 . -0.130 0.498 3.148 3.827
275 300 1000 170 172 144 247 94 0.125  0.486  0.071 0.543 2,485 3.882
276 300 1000 180 185 142 241 94 0.118  0.460  0.255 0.483 3.276 4.044
277 300 1000 i%0 %0 {31 2384 94  0.048  0.448 -D.D44 0.625 2.897 4.044
278 300 1000 200 201 157 259 97 0.017  0.826  0.241 0.476 3.251 3,282
279 300 1000 206 260 188 299 95 0.040  0.411  0.220 0.305- 3.229 3.182
280 300 1000 200 J94 154 234 80 0.087  0.43) 0.155 0.648  3.232 3.333
281 300 1000 200 201 209 353102 0.147 _0.650 0.222 0.556 2.858 3.379
282 300 999 200 201  §73 299 76 0.213  0.4¢6B  0.210 0.43% 2.7242 3.927
283 300 1000 200 194 218 343 107  0.05%  0.405  0.133 0.450 3.004 3.544
284 300 799 210 207 270 347 83 0.047  [.514  0.159 0.432 2.754 4.47)
285 300 220 223 288 .
286 300 1oe0 230 . 225 331 482 74 0,174 0,342 0.202 0.299 2,779  3.004
287 300 tepy 240 235 330 459 94 Q.10 0,537 0.174 0.292 3.0 3.2
288 300 000 250 244  4B5 592 85  0.034  0.427 0.104 0.243 2,907 3.024
289 300 0 250 230 373 448 74 0.00f  B.408  0.241 0.454 2,992 3.549
290 300 1000 250 245 319 442 103  0.054 0.531  0.241 0.283 2.811 2.775
291 300 005 250 241 325 434 97 0,038 0,303 0,047 -0.008 3.332 3,037
292 300 1000 250 231 318 449 95  0.162 0.383  0.104 0.309 2.782 2.849
293 3m 1000 240 258 374 488 91  0.040 0.4B5  0.286 0,294 2,784 2.579
294 300 999 70 273 386 515 7% G.144  0.517 0,209 0.427 2.46] 2.872
293 300 j00r 280 281 484 455 §7  0.144 0,527  0.251 0,297 3.392 3.B19
294 300 e zvo 290 539 7(8 95 0.185  0.524  0.382 0.588 2,931 3.042
297 300 j08 200 295 414 528 97 0.030 0.4%7 0,299 0,394 3.459 | 3.128
298 300 1000 300 290 330 492 93 0.14%  0.581 -6.198 0.222 3.511 3.855
2%9 300 999 300 292 383 472 7% 0.022  0.344 0,443 0,409 3.435 3.382
300 1000 300 276 481 829 92 0.133  0.49%  0.241 0.451 3.472 3.7%%

300




R4 AUDITORY

NUMBER MEAN

: SYNCH MEAN VARIANCE OF CORRELATION CF ROOT B) OF  KURTOSIS (B2)..
SESS - TRIALS FP INT R RL RL+FP FP  RL,FP RL+FP,FP RL  RL+FP  RL RL+FP
301 300 %99 300 301 473 43y B0 0.223  9.545  0.134 0.243 3.08% 3.202
302 300 1000 300 296 427 574 %6 0123 0.517  0.038 0.248 2.34% 2.94)
303 300 §9¢ 300 295 445 538 &7 0.075 0.414 0,124 0,338 3.547 3.437
304 100 101 300 2B7-  4%9 423 100 0,033 0.449  -0.047 0.345 3070 4.113
303 300 999 300 290 Sff 382 44 0,009 0.330  0.443 0,302 3,633 3.1%!
' 04 260 1608 300 282 92 1083 135  0.052  0.400  0.179 0.256 3.131  3.053
307 300 1800 300 2972 339 747 B8 0.224 0.537 0.i38 0.444 2.843 3.342
a8 300 999 300 297 493 5%0 79 0.042  0.404  0.0é1 0.056 3.582 3.246
309 300 1000 300 . 294 408 532 88  0.0%6  D.4%0  0.013 0.1%% 2,705 3.110
310 300 300 300 395 :
311 390 1000 300 303 474 0% B8 0,109  0.474 -0.038 0.297 2.48B1 3.434
312 30 1000 300 297 388 S47 %0 0.185  0.341  0.001 0.349 3.278 3.895
313 300 999 300 29% 386 500 43 0.144 0,300 -0.058 9.092 3.003 3.074
314 3N 1000 380 298 456 404 88. 0.i148  0.510 -0.349 0.187 4.285 4.903
315300 000 360 303 339 481 93 0.138 0,337 0.424 0.748 2.948  3.BD4
316 300 1000 300 300 389 530 114 Q.10 0.548  0.076 0.429 2.745 4.038
317 300 1000 300 301 341 483 87 0,141 0.540  -0.1146 0.294 1,139 3.844
7Y TME 300 1000 300 298 416 348 &7 0.119  0.502  0.044 0,338 2.950 3.300
319 300 1000 300 302 474 408 9% 0,075  0.47F. -0.142 0.183 2.%16 3.498
L 320 300 1001 300 284 237 499 101  0.291  0.&75 0.720 1.046 5.371  4.129
321 300" 1000 308 288 285 382 B0  0.058  0.508 0.198 0.413 3.476 3.938
322 300 1000 300 295 411 324 94 0.047 0,444 0,180 -0.023 2.384 2.819
323 300 1000 300 298 270 389 92  0.084 0.557 -0.085 0.192 2.815 3.21
324..300 1000 300 293 33 448 94 0.005  0.443 - 0.047 0.048 3.021  2.921
323 300 1000 300 -293 337 4468 8%  0.035  0.48% -0.042 0.062 2.406 2.849
326 300 1080 300 2% 290 406 92  0.074  0.538 -0.228 (0.033 3.743 3.573:
327 300 1000 300 295 281 388 93 0.043  9.527 -0.255 0.087 4.045 3.920
328 300 1008 300 290 276 462 119 0.1B3  0.449 =0.179 0.43%  3.099 4.4%4
379 08 1000 300 2% 371 47380  0.044  0.448 -0.275 -0.048 3.203  3.072
330 300 999 300 298 345 475 79 0.092  0.488 -0.093 0.022 3.499 3.252
331 300 1000 300 293 324 425 B80. 0.044  0.489 -0.047 0.092 2.858 2.84]
32 M 999 300 307 287 346 92 -0.042  0.445 -0,031 0.240 2.995 2.180
333 300 1000 300 303 290 404 8 0.113  0.542 -0.208 0,050 2.972 3.2
334 200 1000 00 298 317 484 99  0.190  0.407 0.031 D0.454 3.220 4.528
335 300 1000 300 303 2% 3% 81 0,033 0.4884  0.078 0.43% 3203 3.773
336 300 1000 200 298 248 403 104 0,158 0.433  0.13% 0.573 3.140 J.945
337 300 1000 360 292 283 340 4%  0.026  0.44] 0,134 0,386 3.344 3.4%5
Jig 300 1000 300 290 330 494 104 0.14B  0.395  0.180 0.382 3.418 3.6
339 300 999 300 293 267 336 8O0 0.147 0.386  0.10% 0.7i8 3.072 5.043
340 300 1000 300 293 243 344 75 0.021  0.485 0,18] 0.488 3.703 4.017
34l 300 1001 300 295 333 318135 0.118  0.405 0,248 0.7 3.583 3.7%
342 300 1000 300 2¥2 323 483 t04 0,130  9.388 0,239 0.934 4.224 5.832
343 360 999 300 288 376 703 4% 0.148  0.447  0.349 0.521 3.836 4.440
Ja44 300 1000 300 296 435 383 108  0.097  0.513  0.493 0.349 4.491 4,994
345 300 1000 300 294 430 540 &9 0.003  0.354 -0.303 -0.415 5.387 4.633
346 300 1001 300 298 312 491 113 0,175 0.819  -0.114 0.540 331D 4.498
347 300 1000 300 290 342 414 88 -0.037  0.422  0.139 0.25% - 3.038 3,018
348 300 1001 300 294 - 308 428103 0.047 0.532 0.337 0.671 3.151 4.190
349 300 1000 300 297 34y 424 {03 0.038 0.320 0.B&0 1.187 4.373 8,812
350 300 1000 300 293 329 418 76 0.040 0.443 0,326 0.442 3.255 3.022
351 300 1000 300 297 347 02105 0,074 0,520 0.037 0.345 3.543 3.484
352 300 1000 306 293 336 443100 0,022 0.493  0.100 0.262 2.737 3.07M
353 300 9%% 300 294 250 381 78 0.046  0.492 -0.2720 0.183 2.770 3.325
334 300 1000 300 290 359 483 98 0,071  @.3MF 0,297 0,57 2907 4,411
335 300 1000 300 30f 310 444 j00  0.097 0.336  0.08F 0.943 3.240 4.839
35 300 1001 300 290 346 433 83  0.013  0.43%  0.072 0.226 2.997 2.845
357 300 1000 300 293 248 343 8% 0,087 .0.547  0.311 0.400 4,296 3.348
B 300 fo00 300 302 339 453 81 0.186  0.513  0.04B 0.457 3,069 4,308
359 300 1000 300 293 253 325 79 -0.023 0,473 0,427 0.447 3.483 3,236
380 300 999 300 295 275 402 86 0,131 0,572 0.140 0.490 2.147 3.804




P AUQITPH'Y

NIMBER MEAN  SYNCH MEAN VARIANCE OF CORRELATION OF ~ ROOT Bl OF  KURTOSIS ¢B2)
. SESS TRIALS FP INT Rl . RL RLéFﬁ_ FP " RL,FP RL+FP,FP RL  RL+FP  RL RL+FP

&1 300 1000 300 295 254 365 §7 0,038  0.34%  0.382 .0.377 2.B59 3.408
342 300 1000 300 299 286 408 108  0.03% 0,548  0.279 0.527 2.604 3.5%%
363 300 1000 300 294 239 313 76 -0.009  0.486  0.095 9.343 3011 2.980
34 300 1000 300 295 224 368 %4 0.166  0.439  0.283 0.3B8 2,949 3.34%
363 300 1000 300 305 254 371483  0.046  0.544  0.148 0.204 3.262 5.498
386 300 1060 39e 298 236 338 99  6.074. 0.3584  0.101 0.507 2.914 3,782
347 300 [000 300 305 252 377100  0.080 0.58¢ -0.012 0.776 2.598 - 5.230
368 300 999 310 38% 233 326 79 0,056 6.5 0.298 0.497 3.338 3.420
369 300 1000 320 316 213 36160  0.137  0.637  0.044 0,809 "3.246 5.351
370 300 999 330 329 254 324 74 -0.010  0.449  0.169 0.478 2,794 3,856
371 300 1000 340 337 274 388 B4 0,093 0.547 0,154 0.396 .3.238  3.404
372 300 1000 330 346 340 437 79 C0.052 0.472  -0.277 -0.082 - 3.376 3.591
373 300 1000 350 350 285 387 90 0.036 0.513  0.148 9.587 3.733 4,559
374 300 1000 336 47 235 373 95 0.975  0.347  0.092 0.474 2,408 4929
373 300 1000 330 3% 232 379 107 0.062  0.582 -0.1B3 0.291 2.830 3.459
376 300 1000 350 348 316 38 73 -0.078  0.376  0.152 0.318 2.497. 2.875
377 39 999 340 337 37 412 & 0.086  0.485 -0.081 0.298 3.396 3.701
378 300 1000 330 326 220 296 97 -0.073  D.511  -D.231 0.254 2.819 3,194

379 300 1000 320 320 309 38% B4 -
380 300 1000 310 307 224 341 105

81 300 1000 300 293 179 270 65 .024  0.380
382 00 1000 300 299 294 400 98 Q25 0,315

8.012 0.454  0.242
;
383 300 1000 300 302 205 304 89 8.039 0.573
0
0
0

039 - 0,386

399 3.080 3.23f
478 1.518 4,437
S48 - 3.420 4,193
53 2,933 2,394
433 3.200 3,445
973 2,482 5.945
036 3.408  4.40¢
L2453 - 2,448 2,741
383 3,348 3.424
233 1133 3.248
83 2,941 3.

SIS 2,897 4,180

384 308 1000 300 297 149 287 103 Q60 0.445
385 30 1000 300 301 228 337 73 138 0.578
384 300 1000 300 297 170 24 84
387 300 99¢ 300 303 I8y 4 M .
388 300 1000 300 301 245 8t 0.050  0.531
38y 300 1900 300 297 . 200 0 0.019  0.423
390 300 1060 306 298 221 3x 100 0.023 0.571
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JB AUDITORY

NUMBER MEAN  SYNCH MEAN VARIANCE OF CORRELATION OF ROOT BI OF  XURTOSIS (B2)
SESS TRIALS FP INT  RL RL RL4FP FP  RL,FP RL4FP,FP RL RL+FP RL RL+FP

P00 900 200 206 1491 1454 B89 -0.040  0.195  1.244 1,096 7.143 4.334
2 300 00 200 201 1177 1300 84  0.038 0.312  4.295 0.285 5.583 4.973
3 g ;UB 200 201 B4 975105 0.035  0.381  0.839 0.448 4.246  5.004
4 300 § /200 203 874 990 84  0.058 0.346  0.857 0.884 4.933 4.459
S 299 (1) %00 200 209 B0 908 B8  0.088  0.329  0.547 0.572 4.200 4.078
é 300 900 200 193 418 495 97 -0.040  £.336 -0.042 0.111 10.966 B8.455
7300 900 200 203 441 732 94 -0.005 0,334 0.212 0.258 4.792 4.914
B 299 () 00 260 196 494 590 91 0.011  0.404 -9.052 0.013 3.195 2.9%0
? 300 900 200 206 480 743 73 0.022 0,331 0.415 0.401 4.B48 4,493
0 300 08 200 192 424 448 85 -0.107 0.323 -0 .
1300 900 200 194 545 435 94 -0.008 0,376 D
2 300 900 200 202 390 471 B0 0.004 0.417 0.0
3 300 900 200 203 410 514 95  0.030 0.455  {.¢
4 300 900 200 204 418 332107 0.016  0.443 0.0 . .
3300 900 200 202 534 404 84 -0.075  D.302 -0.44% 0,029 4.008 3.393
300 900 200 207 S04 433 91 0.087  0.438  0.211 0.401 3.431 3.539
70300 (1) 900 200 208 446 4% 9% -0.029  0.3%0  0.032 0.139 2.976 2.981
8 300 900 200 203 476 546 B6  0.008  0.397 0.285 0.526 3.285 3.887
19 300 g00 260 200 543 418 80 -0.058  0.305 -0.015 0.I188 3.594 3.305
20 300 B9y 200 194 403 477 74 -0.0001 . 0.329 -0.134 -0.182 4.401 4.310
21 300 900 200 201 326 448 98  0.046 0,525 -0.048 0.263 3.994 3.813
22 300 500 200 200 372 718 %8 0,102  0.461 -0.337 -0.027 3.405 3.509
23 300 900 200 203 518 40% 81 0.017 0,381 -0.029 0.380 4.325 4.044
24 300 900 260 205 444 529 74 -0.031  0.344 -0.008 0.062 4.128 3.814
25 300 900 200 197 379 444 95 -0.024 0,429 0.343 0.484 3.94F 4.548
26 300 <1) 900 200 198 481 511100 -0.140 0.287  0.120 0.170 2.843 -2.709
27 300 901 200 198 424 519 93 -0.008  0.428 -0.020 -0.008 4.223 4.047
28 300 200 196 710
2% 300 900 1200 201 419 551 100 0.079  0.495  0.374 0.530 3,720 3.493
30 300, 900 t0 202 451 590 97 0.101  0.494 0,588 0,703 4.B45 4.484
31 300 900 ,200 193 523 577 79 -0.04]  0.312 -0.144 0.019 3.450 3.748
32300 900 / 0 203 380 482 93  0.020 - D0.462 0,374 0.429 4,357 4.348
©200 205 444 544 103 0,038  0.441 0,232 0,343 3.813 3.5i4
34 300 9(]0 200 194 379 449 83  0.018  0.438 90,129 0.3! 2.772 3137
33300 500 200 210 334 441 98 -0.D29 B 444 0,313 0,096 3.294 2,940
3 300 200 202 439

37 300 200 205 3§
38 300 0 209 513
37 300 200 135 345

40 300 00 200 201 371 441 90 0.001  0.444  0.233 0,307 3.488 3.580
41 300 200 204 377

42 300 900 200 195 344 418 99 -0.118  0.377 -0.198 0.098 3.446 3.528
43 300 900 200 200 544 393 88 -0.093  0.295 -0.035 -0.141 4.912 3,55
44 300 900 200 192 499 588 89 0,001  0.390 -0.410 -0.153 4,924 4.401
43 300 900 200 201 523 416 99 -0.014  0.38% -0.397 -0.252 4.325 3790
46 300 00 200 199 449 329 77 0.007 0.389 -D.051 -0.042 3.990 3.441
47 300 900 200 173 738 B804 91 -0.087 0,232 -0.58] -0.442 4.341 4,072
48 300 908 200 201 384 396 85 -0.131 0,339 -0.146 -0.119 2.792 2.810
49 300 900 200 199 379 440 84 -0.008 0.420 0.031 0.228 3.3 3.373
30 300 <1) 899 200 200 . 297 348 62 0,032 0.438  0.242 0.425 3.530 3.493
31 300 900 200 200 449 541 110 -0.840  0.407  0.029 0.389 3.404 3.473
32 300 500 200 201 337 398 B9 -0.084 : 0.395  0.306 0,554 3.489 3.847
93 300 900 200 194 398 550 97 0.142 0,540 -0.098 0.575 4.076 5.442
34 300 900 200 198 399 473 88 -0.034 0.397  0.192 0.265 2.836 2.5%4
353 300 900 200 198 442 490 84 -0.094  0.326 -0.123 9.089 3.9%8 3.835
36 301 700 195 {88 343 420 91 0,035  0.351 -1.542 -0.998 13.050 9.878
37300 900 190 185 479 5P4 97 0,042 0.443 -0.108 0.282 3,456 4.280
38 300 00 185 179 349 414 75 -0.083 . 0,345 -0.554 -0.242 3,928 3.230
3¢ 300 900 180 175 301 342 83 -0.134 0,348 -0.100 0.053° 4.497 4,188
é0 300 (1) %00 175 172 37 423 78 -0.079  0.338  0.439 0.718 7.380 8.050

a



JB AUDITORY

NUMBER  HEAN VARIANCE OF CORRELATION OF ROOT B! QF  KURTDSIS (B2)
. TRIALS  FP RL RL#FP F RL,FP RL+FP,FP RL  RL+FP RL RL+FP
300 900 344 415 ~0.032  0.415 -8.174 (0.344 5.483 46.032
299 700 378 434 -0.094  0.375 -0.438 -0.017 5.226 4.097
300 200 318 384 -0.104  0.425  0.177 0.425 4.27%  4.741
300 900 296 386 0.004  0.4B4  0.307 0.440 4.427 6.077
300 200 I 413 -0.138  0.331  -1.004 -0.494 4.227 4.810
300 200 374 447 0.04%  0.448 - -0.751 -0.405 4.223 4.124
299 $00 37 41 0.047 0.48%  0.190 0.831 3.441 35.213
390 700 431 475 -0.137  0.333 . -0,724 -0.047 4.733  4.953
300 901 447 441 -0.2§1  0.28% -0.337 -0.088 3.B83% 3.584
300 780 438 4%7 -0.181  0.272 -0.722 -0.540 4.204 3,741
300 700 T30 383 0.015  0.444 -0.211 0.318 4.,5i3 5,584
300 200 351 449 0,066 0.424 -0.310 -0.087 3.091 3.i40
300 200 431 445 -0.162  8.311  -0.588 -0.409 4.235 3.717
301 200 548 543 -0.473 0,250  -0.821 -0.104 7.089 4.798
300 900 379 421 -0.138  0.344 -0.45% -0.033 3.90% 5.2
300 200 373 385 -0.216  0.274 0,135 0.039 3.528 3.276
300 00 282 295 -0.22%  0.308 -0.437 -0.078 3.700 3.344
30t 00 387, 438 -0.098  0.347 -1.742 -0.979 11.709 B.549
300 700 Y . 340 -0.152  0.383 -0.147 0.192 2.843 3.034
ggg 700 ggg 425 -0.174  0.274  -0.403 -0.109 7.032 5.404
300 900 A5 344 -0.188  0.348 -0.347 0.01B 3.524 3.43¢
300 980 448 478 -0.146  0.279 -0.048 0.0%4 4.006 3.840
300 47 . -
300 408
300 384
380 344 .
300 208 486 448 -0.306  0.132 -0.7892 -0.4B6 4.712 4.580
302 900 732 147 -0,132  0.194  -0.81% -0.5%0 4,414 4.047
302 900 431 434 -0.222  0.153 -0.975 -1.028 4.901 5.538 °
300 778
300 5?’ '
300 300 4Y4 430 -0.135  0.208  -0.497 -0.446 4.376 4.377
301 900 336 337 -0.213  0.21%  -1.038 -0.75% 4.3%0  5.897
300 901 334 434 p.004  0.397 -0.428 -0.1%8 2.915 3.045
301 700 443 420 -0.248  0.0%0 -0.845 -0.834 4.302 4,480
300 700 <803 411 -0.475  0.208  -0.421 -0.435 3.188 3.342
%9 500 368 312 -0.316 0,078 -0.321 0.108 4.4557 4.949
300 700 513 510 -0.220  0.204 -0.512 -0.3%4 3,210 3.340
300 1000 439 4724 -0.182  0.260 -0.904 -0.340 5.838 5.374
300 1000 840 B34 -0.164  0.130  -0.990 -0.744 8.321 8.523
301 1000 974 948 -0.181  0.082 -0.947 -0.847 4.15] 4.033
301 999 444 441 -0.144  0.132 -0.328 -0.528 4.417 4,737
302 1000 774 741 -1.195  0.149 0,917 -0.400 5.111 4.217
301 %9 470 447 -0.194 . 0.181  -1.096 -6.920 4.493  5.741
301 1000 37 52 -0.089 0,327 -0.979 -0.338 7.420 5.311
304 999 05 737 ~0.109  0.233 -1.734 -1.479 8.594 8.283
301 1080 499 488 -0.235 0.188 -0.888 -0.444 5.28% 3.347
300 1001 430 424 =0.173.  0.288 -0.543 0.285 35.454 B.944
Kil) 1400 440 490 -0.082  0.324 -1.384 -9.823 7.232 5.745
- 301 1000 487 538 -0.02% 0.353 -1.894 -1.274 8.24% 4,804
an0 1000 1 429 0.7 0.221  -0.821 -0.573 4,981  3.934
300 1601 483 437 -0.289  0.16% -1.493 -0.433 7.050 4.349
300 999 289 347 -0.060  0.410 -0.847 -0.326 5.738 9.038
300 1400 324 342 -0.153  0.335  -1.033 -0.227 5.8M 4,702
300 1000 35 378 -3.176  0.318  -1,042 -0.715  4.418  5.493
300 1000 333 380 -0.0%6  0.338  -1.021 -0.977 5.074 5,243
300 1000 328 394 -0.120 0.423 -1.058 -0,334 5,479 3.707
300 1000 58 392 -0.132  0.31%  -1.633 -0.954 §.246  4.653
300 1400 243 281 -0.155  0.399  -0.95% -0.347 7.882 4,927




JB AUDITORY

A

NIMBER MEAN  SYNEH MEN VARIANCE OF CORRELATIMN OF ROOT BI OF  XURTOSIS (B2)
SESS TRIALS FP INT R RL RL+FP FP  RL,FP RLtFP,FP RL  RL+FP -RL  RLeFP
120 300 © 1000 100 130 289 342 102 -0.085  0.456 -0.95% -0.182 5.812 4.455
122 301 1000 100 107 404 426 77 -0.133 0,275 -1.055 -0.833 4.410 4.098
123 300 1001 100 108 34D 410 124 -0.123  0.430 -D.490 0.270 5.028 7.243
124 380 1081 100 103 428 441 94 -0.205  0.245 -1.042 -0.816 5.801 4.182
125 300 1060 100 107 40B 434 7% 0,144 0,285 -1.285 -0.436 4,291 4,718
126 300 (2) {000 100 112 273 333 6% -0.032 0.475 -0.420 0.177 5.871 5,527
127 300 1000 100 104 378 422 71 -0.082 0,333 -1.240 -0.873 4.B&S 5,248
128 300 o0 d0@ 111 321 38 99 0,110 0.409 -0.891 -0.573 7.039 5.380
129 300 g0 100 0% 349 370 83 -0.190  0.303 -1.428 -0.913 7.601 3.929
130 300 999 180 104 312 357 73 -0.097 0,347 -1.190 -0.810 4.279 4.048
131 - 380 1000 108 104 240 295 78 -0.081  0.441 -0.590 -0.356 4.491 4,385
132 200 1006 100 108 287 320 94 -0.192 Q.37 -0.959 -0.443 5.553 '4.972
133 300 999 100 107 2723 293 MM 0.7 0.322  -0.831 -0.316 5.3%4 A.749
134 300 1000 100 104 382 424 83 -0.121 0,341 -0.937 -0.409 4.707  4.104
135 300 1000 100 107 294 328 97 -0.186  0.367 -1.015 -0.2%0 4.372 4.948
136 300 1000 93 97 454 S43 120 -0.045  0.410 -1.230 -D.444 5.985 G5.197
137 301 1800 50 102 472 427 102 -0.331  0.13%  -1.333 -0.922 7.045 4.933
138 300 999 99 104 396 432 71 -0.106  0.305 -0.594 -0.324 4.772 4.357
139 300 992 93 99 32 388 72 -0.173  0.271  -0.781 -0.454 4.749 4.71]
140 308 1001 95 98- 340 383 §7 -0.193  0.316 -0.700 -0.203 5.4B8 3.342
141 300 1041 99  1D1- 391 409 106 -0.214  0.298 -1.033 -0.345 4.442 4.747
142 300 000 5 107 325 332 74 -0.248  0.257 -1.233 -0.432 4.190  4.72
143 300 1600 3 -*Rg 418 425 78 -0.195  0.236 -1.190 -0.624 5.274 - 4.383
144- 301 93¢ 93 g 412 547 8% -0.285  0.09% -1.278 -0.807 5.545 4.993
145 300 1600 99 107 309 379 84 -0.04% 0.432 -0.708 -0.347 4.325 3.757
146 300 999 100 110 340 245 74 -0.140  0.301 -0.19% -0.057 4.782 4.090
147 300 1001 f20 128 214 285 101 -0.110  0.500 -0.232 0.106 3.272 3.753
148 300 999 118 118 342 419 78 -0.040 0.374 -0,352 0.080 4.107 4.403
149 300 1000 120° 123 275 339 B89 -0.082 0.438 -0.378 0.058 3.427 3.487
130 300 000 139 137 10 233 91 -0.072 0,544 -0.434 0.153 3.508 3.843
15] 300, 1000 140 144 141 272180 - 0,045  0.641 -0.085 0.579 3.554 4.577
132 300 10 130 155 144 212 97 - 0.4 0.57F -0.047 0.315 4.291 3.34
133 300 mwes 150 155 159 275 97 0.077  0.453 -0.537 0.510 5.212 5.197
154 300 1000 150 134 144 224 88 -0.028 0.401  0.236 0.354 3.473 3.133
135 380 1000 150 152 146 222 74 0.008 0,584 -0.240 0.280 3.902 . 3.4%52
136 300 999 150 157 126 181 47 -0.044  0.553 -0.188 0.341 3.547 3.3
137 300 J000 140 162 551 241 9B 0.044  0.449 -0,300 0.430 3.487 3.477
158 300 1o 178 175 176 246 B®  0.005  0.582 -0.037 0.393 3,344 4.084
13% 300 1000 180 {80 141 214 93 -0.140  0.524 -0.004 0.43% 3.444 3,523
140 200 e 190 196 138 224 85  0.017  0.625 -0.044 0.155 3.274 3.4M4
161 - 300 1000 200 204 177 231 84 -0.042 0,545  0.149 0.451 2,507 3,217
142 300 1002 200 208 P13 241 128 -G.001  0.730 -0.144 0.886 3.020 4.957
183 300 §9¢ 200 205 123 194 B3 -0.070 0,398  0.059 0.302 2.442 3.487
144 300 19001 200 206 553 249 105 -0.053  0.404  0.130 0.421 2,390 3.214
185 300 §99 W0 202 183 283 0,037 0,594 0,434 0.838 3.710 4,315
168 300 1000 210 23 119 241 114 ¢.033  0.212 0,317 0.73% 3389 4.08!
147 300 1000 220 218 198 289 8%  0.00%9 0.542 0.771 0.B33 4.381 4.904
148 300 999 230 239 247 249 43 -0.143 0,324 0.139 0.235 2,872 3.042
149 300 1000 240 242 219 308 84 0.012  0.537  0.273 (0.521 3.384  3.449
170 300 250 239 289 .
171 300 1000 - 230 231 239 314 87 -0.041 0.490 D428 0.440 3.841 4.04]
172 300 250 233 248 .
173 300 1000 250 253 290 382 84 0.028  0.492  0.533 0.470 4.206 3.780
174 300 230 231 194 - '
173 300 100y 280 - 248 214 284 100 -0.104  0.304 -0.107 O0.109 2,723 3.37!
176 300 100 270 272 254 299 92 -0,154  0.414 0,117 0.184 2,820 2,903
177 300 1000 280 282 30 347 85 -0,140 0,340 0,002 0.082 2,428 2.5
178 300 1000 2%0 292 290 3% 93 0.020 0.305 -0.005 0.376 2.747 3.344
179 300 1000 . 300 300 337 429 %9 0.037 0,313  0.085 O0.14% 2.74% 2,975
180 300 - 230 234 207 284 75 -0.074  0.467  0.243 0.192 3.375 2.9

L)
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J8 AUDITORY

NUMBER MEAN  SYNCH MBEN VARIANCE OF CORRELATION OF ROOT BI DF  KURTOSIS (B2)

SESS TRIALS FP INT R RL RL#FP FP  RL,FP RL4FP,FP RL  RL+FP KL RLAFP
181 300 1001 300 307 345 473 119 -0.024  0.488  0.315 0.4 4.084 4.359
182 300 999 300 304 373 438 81 0.011  0.429  0.449 0.755 4.585 4.370
183 300 i000 300 300 287 34p 81 -0.089 9.405  0.07% 0.194 2.748 3.3%7
184 300 1000 300 307 290 329 49 -0.103  0.340  0.038 0.04) 3.215 - 3.244
183 300 1001 300 307 295 349 100 0,135 0.413  0.021 0.149 3.11% 3,278
186 300 1066 300 305 236 320 v2  -0.029 0,312 -0.124 0.097 2.843 3.399
187 300 1000 300 205 328 399 81 -0.030 0.423 -0.324 -0.207 3.733  3.43¢6
188 300 999 300 303 237 299 79 -0.041-  0.440  0.028 0.19% 2,744 3.002
189 300 loo8 300 302 294 381 %4 -0.026 0.473  0.087 0.230 3.272 3.261
190 308 1001 306 303 250 3M 14y -0.054  0.503  0.387 0.401 4,409 3.438
131 300 joco 300 303 229 287 B0 -0.083  0.453  0.087 0.4%0 2.98] 3.33
192 300 el 300 304 285 397 133 -0.040 0.533  -0.102 0.320 2.942 3.452
193 300 1000 300 301 238 312 B! -0.094  0.423 -0.027 0.080 2.746 2.9%3
-194 300 1066 300 301 254 347 81 0.043 0.3(8  0.090 90.421 2,748 3.801
195 300 1000 300 302 205 296108 -0.055 0.358  0.149 0.517 3.229 3.740
196 300 1600 300 305 278 333 48 -0.048  0.408 -0.2{% -0.039 2,891 2.739
197 300 1001 300 W5 194 277 113 -0.102. 0.353 0,205 0.308 2.847 3.i88
i%8 300 .. 1001 300 298 337 409 101 -0.079  0.426 -0.044 0.029 2,788 2.801
199 300 1000 300 29% 332 429 §7 -0.001  0.475 -D.051 0.043 4.822 4.042
200 300 1000 300 302 217 285 71 -0.013  0.489 -0.204 0.123 3.05% 3.170
201 300 joge 300 300 218 299 B4 -0.002 0.328 -0.114 0.114 3.149  3.300
202 300 {000 300 30% 2184 314 103 -0.814  0.540 -0.124 0.198 3.408 3.438
203 300 1000 300 383 230 302 104 -0.104 0.497  0.190 0.483 3.507 4.444
204 300 fo0! 300 305 214 207 113 -6.128 0,517 0.032 0.1%0° 2.731 2.744
205 - 300 1000 300 <304 251 3% 79 -0.075  0.43%  0.042 0.048 2.777 2,433
206, 300 999 380 302 233 3y 79 0.027  0.32F  -0.037 0.185 2,949  3.137
207 300 1000 300 303 214 287 79 -0.025 0.303 -0,191 0,103 3.255 3.71B
208 300 999 300 304 176 235 79 -0.084 0.307 -0.022 0.317 3.801 3.200
209 200 {00 300 238 215 7% -0.130  0.421 0,028 0.084 3.236 3.134
218 300 1000 308 303 27 (268 44 -0.097 0,399 -0.270° 0.140 2.978 2.723
211 300 jooe 300 303 - 208 272 73 -0.038  0.484  0.147 0.317 2.901 3.250
212 200 999 300 302 185 277 80  0.04y 0.578 -0.092 0.318 2.413 4.238
213 300 999 300 33 247 37 4 0.004  0.470 -0.245 -0.82) 3.040 3.292
214 308 1000 3e0- 38 191 280 97 -0.106  0.522 -0,125 0.308 2.927 3.8%8
213 300 1000 300 301 214 290 108 -0.104 0.528  0.124 0.259 3.081 3.035
218 300 1900 300 33 176 237 73 0053 0.30% 0,079 0.104 2920 Z2.871
217 300 1000 300 307 177 238 73 -0.091  0.485 -0.393 .0.141 3.823 3.84¢
218 300 999 300 308 189 247 49 0,046 0.488  0.438 0.474 4.048 4.452
219 300 1000 300 303 239 267 81 -0,189 0.372 -0.0%0 0,132 3.933 3.283
220 30 1000 300 305 208 313 95 0.033  0.579 -0.044 0.411 2,832 3.778
21 M 1000 300 305 208 321 107 0.018  0.393 -0.079 0.402 2.B34 4.074
222 300 1000 300 .303 146 25 73 -0.113  0.488  0.095 0.340 3.321 3.309
223 300 100§ 300 306 193 Y2 111 0.027 0.418 0,337 0.901 3.418 D5.248
224 300 999 300 305 220 284 80 -0.040  0.477 0,185 0,330 3.781 4.4%4
225 300 1001 300 307 246 350 83 0.008 0.491 . 0.047 0,372 2.803 3.335
224 300 999 300 304 149 247 92 -0.055 0.544  0.046 0.344 2.7 3.15)
227 300 100r 30 308 208 294183 -0.083  0.34%  0.335 0.433 3.045 3.0%0
228 300 1000 300 304 | 142 241 95 -0.048  0.574  0.094 0,107 2,494 2.414
29 300 100 300 302 © 244 333103 0,017 0.354 0.113 0.479 3.} 5.422
230 300 1000 300 306 225 29% 7% -0.020 0.498  0.242 10.302 0 3.033
231 300 1000 300 305 213 I 105 -0.043 0.5%0  0.099 0.424- 3.4806 3.793
232 300 1000 300 304 202 2723 70 0.003 Q.51 0,166 0.274 3.520 2,92
233 300 9%¢ 300 305 143 225 80 -0.078  0.530  0.046 0.435 4.002 5.128
234 300 99% 300 302 231 32 & 0,047 0.51f 0,172 0,246 3.144. 2,970
233 300 1000 300 303 232 284 80 --0.102  0.43% -0.580 -0.51% 4.943 4,807
234 300 1000 300 303 182 245 83 -0.079 0.342 -0.076 0.388 3.252 - 4.117
23730 §9% 300 302 204 2684 70 -0.030 0.4B5 -0.328 0.071 4.431 4,495
228 300 1000 300 32 126 199 78 -0.013  0.408 -0.009 0.3%4 2.882 3.419
23y 300 999 30 306 174 241 79 -0.032 0.529  0.047 O0.i81 3.403 3.083
290 3w f000 300 301 178 230 85 -0.12%  0.497 -0.305 -0.085 4.949




JB AUDITORY

" VARIANCE OF

’ HIMBER MEAN  SYNCH MEAN CORRELATION OF ROOT B1 OF  KURTOSIS (B2)
SESS TRIALS FP INT R RL RL4FP FP RL,FP RLeFP,FP RL  RL¥FP RL RL+FP
241 300 1000 390 303 18 252 71 0.002 0,533 -0.008 0.044 3.440 3.293
242 300 1001 300 301 ige 286 117 -0.108  0.573 -0.033 O0.402 2,992 3.822
243 300 1000 300 300 fé7 248 .72 0.045 0.574 -0.031 0.394 2,843 3,91

294 300 1000 30 38 182 243 88 -0.106 0.50% -0.207 -0.031 3.114 3.i

243 300 1000 320 323 195 25% 84 -0.079 0.502 -0.274 -0.143 4.385 3.449
244 300 1001 330 23 203 274101 -0.05  0.517  -0.211 -0.119 3.723  3.2%0
247 300 1000 340 348 §75 250 80 -0.023 0.547 -0.188 O0.191 2.94% 2.432
248 300 999 350 357 238 334 92 0.081  0.576 -0.324 0.090 3.816 3.287
243 300 1000 350 34% 211 280 93 -0.888  0.302 -0.104 0.137 2.443 2.B48
250 300 999 350- 353 180 261 91 -0.039 0.559  0.183 0.524 3.388 3.943
251 300 999 350 337 210 283 B3 -0.041 0,308 -0.198 O0.188 2.93% 2.877
232 300 1000 350 355 212 317 85 0.074 0.580  0.103 0.702 3.50B 4.979
233 200 1000 340 348 222 296 83 -0.031 0,503 -0.11% 0.091 2.813 2.827
234 300 999 330 329 239 32 %7 0.052 Q.58 0.345 0.837 J.416  4.945
235 300 1000 320 322 . 179 284 106 -0.002  0.809 -0.107 0.833 3.041 4.822
256 299 (1) 1001 310 312 % 2284 345135 -B.045  0.590 -0.121 0.913 2,974 6.317
257 300 1000 300 30! T221 249 %0 -0.14%  0.442 -0.432 -0.311 3.%48 3.72
258 300 1000 300 302 184 244 83 -0.087 0,506 0.186 0.216 2.929 3.240
259 300 1000 300 305 195 231 81 -0.177 0.429 -0.083 0.594 5.286 7.292
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KC AUDITORY
HIMBER MNEAN  SYNCH MESN VARIANCE OF CORRELATION OF ' ROOT B1 OF KURTOSIS (B2) -
SESS TRIALS FP INT  RL RL RL+FP FP  RL,FP RL+FP,FP RL  RL«P R RL+FP
1305 () 500 150 140 3408 3402 74 -0.080 0.067  0.515 0.464 9.313  9.134
2 313 500 150 142 4837 4930 162 -0.006 0.138  0.234 0.158 5.714 5.588
.30 305 () 900 IS8 1B 4549 4532 94 -0.085  0.059 -0.145 -D.11B  4.354 4,229
4 302 (1) 900 150 IS5 3127 3144 B2 -0.045° 0.097 -0.304 -0.342 4.172 4.171
537 900 130 160 2593 2410 84 -0.072  0.108 -0.932 -0.B29 4.744 4.459
& 304 900 150 147 2288 2196 ¥4 -0.149 0,035 -0.303 -0.253 4.867 4,457
7300 () 900 150 178 2323 2293 83 -0.126  0.043 -0.590 -0.540 4.055 3.735
T8 3 900 IS0 140 2924 2965 88 -0.045 0,128 -0.490 -0.483 3.524 3,949
§ 303 700 150 142 2045 1994 81 0,143  0.037 -0.511 -0.373 4.004 3.400
10 °298 (2) 900 200 201 2481 252 84 -0.058 6,135  1.038 1.140 9.41% 9,384
11301 00 200 198 2144 2317 93 2.089 0.285  0.044 0.041 5.052 4.899
12300 200 200 193 1044 1132 8  0.002 0.278  0.1%4 0.428 4.128 4,198
13300 700 200 189 1048 1115 88 -0,035 - 0.247 0.300 0.218 4.933 4.921
14 300 500 200 202 1075 1195111 0.812  9.316  0.335 0.548 3.050 3.45%
15 300 900 . 200 190 1287 .1382 106 -0.047  0.260  0.074 0,210 3.188  3.435
14 300 go0 200 199 1437 1499 93 -0.042 0.208  0.497 0.483 4.015  3.673
17300 501 200 192 1293 1316 106 --D.112  0.173  0.4B1 0.719 4.338 4.224
18 299 (1) %00 200 203 1120 1185 83 -0.030  0.23§  0.113 0.059 3.379 3.3
19300 960 200 207 786 843 B -0.008 0.298 -0.281 -0.374 5.704 5.478
20 300 900 200 204 1057 121 95 -0.048  0.244 -0.058 -0.105 4.742 4.482
21 301 (1) 900 200 203 BY2 945 81 -0.052 0.243 -0.837 -0.831 8.541 8.304
22 300 900 200 194 77 B35 92 -0.053 0,280 0.035 0.095 3.337 3.180
23 300 900 200 197 1081 1110 98 -0.076 0.222  0.407 0.459 3.744 3.455
24 300 00 200 197 949 1049 84 -0.018 0.2725 0,178 0.182 4.409 4,201
25 300 501 200 190 943 1050 123 -0.023  0.321  0.448 0.670 5.853 5.012
26 300 500 200 190 955 1039 -0.009  0.285  0.482 0.443 7.08% 4.843
27 300 700 200 195 911 1033 92 C.054 0,349 9.582 0.740 3.875 5.148
28 300 700 200 92 785 858 93 -0.038 0.2%4 -0.113 -0.172 4.582 4.03%
29 300 %01 C200 192 821 895120 -0.073  0.297  0.386 0.550 3.745 4.193
36 300 708 200 202 ° 597 444 82 -0.080 0.280  0.085 -0.018 4.443 4,353
31 300 200 1% 732
32 300 200 198 1144
3 3 900 200 §B? 937 1052 §2  0.040  0.333 -0.547 -0.286 4.918  4.494
34 299 (1) 900 200 194 1055 1038 74 -0.132  0.133  0.180 0.121 5.052 5.120
330 200 200 196 1033 1069.93 0,126  0.149 -0.124 -D.033 2.734 2.744
3 300 700 200 . 190 729 788 97 -0.072 0.282 -0.288 0.111 4.B50 4.415
37 300 00 200 207 706 777 % -0.048 0,305 0.581 0.486 3.745 3.484
38 300 900 200 193 847 907 99 - -0.099 0.233  0.313 0.270 4.481 3,950
3% 301 1) 900 200 209 913 1018 84  0.032  0.318 -1.335 -0.946 11.414 9.534
40 300 (1) $00 200 204 938 950 90 -0.148  0.141  1.143 1.201 8.517 8,299
41 300 700 200 200 402 705 145 -0.023 0.382  0.228 0.321 4.28 3.589
42 300 (1) 900 200 197 529 409 93 -0.028 0.345 0.155 0.318 3,398 3.581
41 300 700 . 200 198 374" 434 88 - -0.076 0.380 -0.022 -0.033 3.314 . 2.972
44 300 900 200 189  ¥23 533 B4 -0.128 0,265 °-0.103 -0.071 3.029 3.1%
45 300 899 200 189 539 410 75 0,010 £.340 -0.542 -0.440 7,908 4,898
46 300 900 200 196 S43 472 98 0.022 0.403  0.288 0.158 4,944 3,738
4 299(1) %00 200 183 771 848 112 -0.0%9 0.303 -0.381 -0.118 3.772 3.938
48 300 00 201 499
49 300 200 200 891
S0 300 899 200 194 414 476 80 -0.045  0.30f  0.082 0.115 4.428 3.77%
51 300 900 200 189 733 739 M -0.127 0,222 -0.478 -0.420 7.162 4.252
32 300 (1) 901 200 195 362 423 102 -0.087 0.323  0.571 0.419 3.837 4.44)
33 960 200 184  £09 487 100 -0.044 0,339  1.058 1.080 B.144 7.013
34 300(D %00 200 187 535 378 104 -0.128  0.300 -0.334 -0.262 7,972 71.077
3300 00 192 59 _ :
36 300 00 200 190 936 1011 98 -0.071  0.243  0.715 0.708 S.417 5.3
57 300 900 200 194  5A0 428 101 -0.049  0.335 0,132 .0.025 4.391 4,179
38 300 900 200 199 -73¢ 799 91 -0.052 .28 -1.072 -0.750 {1.108 9.954
¥ 299 <1y %00 200 183 3113 1154 83~ -0.073  0.197 -0.305 -0.194 5.274 5.558
60 300 900 200 184 722 835 84 0.058 9. 0.386 0,481 3.723 4.143




KC ALDITORY

NIMBER MEAN SYN VARTANCE OF CORRELATION OF ROOT B1 OF KURTOSIS (BZ)
SESS  TRIALS FP INT i RL RL RL+FP FP RL,FP RL+FP,FP RL  RL+FP -RL RL+FP
J)

&1 300 900 ZUULT‘)]‘N £09 593 103 -0.040 0.379 0.429 0.438 4.247 4.494
2 300 (1) 9900 200 200 900 585 102 -0.038 0.383 0,353 0.487 4.443 4,309
43 301 700 200 188 B77 943 &9 0,057 0.249 -~0.107 0.100 B.933 7.143
&4 302 200 200 186 1195 1199 9 0.004 0.280 ~-1.144 -1,108 B8.33t 8,272
&8 300 %00 200 200 463 751 98  -0.020 8,342 0,175 0.421 4,319 4.789
&6 299 (2} 01 200 210 877 909 j00 -0.11% 0.21y  -1.477 -0.943 12.933 72.77%
&7 300 200 234 11
48 30 00 200 702
49 300 200 215 413
70 300 200 199 {204
2300 200 178 483
72 30 200 187 849
73 300 200 218 800
74 300 00 200 232 576 425 87 -0.084 0.2%2 0.355 0.512 3.293 3.B49
75 300 200 211 1972 .
4 298 (3 908 2060 220 1029 1042. 84 -0.087 0.195 -D.488 -0.%42 9.414 9.501
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KF AUDITORY

NIMBER MEAN  SYNCH MEAN VARIANCE OF CORRELATIN OF ROOT BI OF  KURTOSIS (E2)
SESS TRIALS FP INT RL RL BL+FP FP RL,FP RL+FP,FP RL  RL+#FP AL RL+FP
1298 (2) 900 200 198 1437 1490 81 -0.039  0.181  1.350 1.335 7.024 7.050
2 297(3) 900 200 188 1544 1649 89  0.022  0.252  §.203 1.053 10.080 B.902
3 300 900 200 194 1056 1148 B0  0.022 0.285 -0.010 0.008 4.372 4.042
4 301 900 28 197 1090 1198 92  0.027 5,302 -0.053 -0.115 9.076 8.0%8
S 3 $00 200 195 714 758 81 -0.077  0.293  0.312 0.298 4,579 4.254
6 299 (2) 00 200 201 419 483 74 -0.026  0.309  1.043 0.7784 8.425 4.345
7300 900 200 201 440 573 109  0.007  0.443 0,248 (0.269 3.441 - 3,196
8 300 900 200 194 344 4384 78 0.044  0.441  D.539 0.413 3.407 4.142
¥ 300 00 200 193 ggg 507 88 0.029  0.442  0.807 0.726 4.441 S5.498
10 300 $00 200 197 48 82 -0.090  0.404  0.117 0.211 3.280 3.016
11 300 g99 200 192 3 402 74 -0.016 0.414  0.272 0.309 3.233 3.284
12300 900 200 199 375 M31 BY  -0:093  0.38%  0.235 0.239 3.442 3.182
13 300 900 200 204 284 (342 B3 -0.101  0.414  0.759 0.817 5.403 4.146
14 300 900 200 197 425_538 B85  0.074  0.443 0.098 0.183 3.197 3.287
15 300 00 20 20 3 448 112 0.022  0.508 0,449 0.140 4.139 5.540
16 300 900 8 201 784 753 29 -0.085  0.262  1.004 0.810 4.807 4.058
17300 900 200 194 708 774 94 -0.053 0.300  §.033 0.841 7.559 4.745
18 300 00 200 203 412 93 -0.047 0.434  0.447 0.470 3.323 3.115
19300 <1) 900 200 198 514 N 418 91 0,033  0.413  0.504 0.458 3.430 2.8%5
20 300 00 200 192 5B \?15 83 0.115 . 0.447  0.054 0.183 4.213  3,B48
21300 900 200 200 333 1394 92 -0.0B8  0.400  1.433 1,37 12.249 8.518
22 300 900 200 194 287 W03 115 0.003  0.537 -0.227 0.132 4.257 3.943
23300 900 200 198 475 541 95 -0.02¢  0.393  0.369 0.239 3.539 2.909
24 300 (1) 900 200 195 438 A91 82 -0.078  0.33F  0.389 0.481 3.046 2.892
25 300 900 200 198 428 4105  0.101 0,515 0.37F 0.446 4.148 4,544
26 300 (1) 900 200 204 389 494 117 ° -0.025  0.465  0.018 0.346 3.426 4.194
27300 (1) 900 200 203 307 400 92  0.001  0.481 0,215 0.277 4.871 4.708
28 300 901 200 198 299 408 112 -0.008  0.517  0.443 0.505 5.428 4,343
22300 900 200 201 242 341 88 -0.029 0.483 -0.249 0.263 2.846 3.4%0
30 300 900 200 197 224 297 106 -D.107  0.504  0.324 0.428 4.134 3.514
31300 1) 900 200 200 281 341 f01° -0.044  0.488  0.153 0.334 2.826 3.569
32 300 700 - 200 198 319 419 101 -0.001  0.490  0.207 0.532 2.%05 3.394
33 300 900 200 202 273 357 B4 -0.886 0.485  0.881 0.7 S5.175 4.103
34 300 900 200 197 247 338 B4 -0.043 0,460 0.168 0.285 3.317 2.854
33 300 900 200 201 232 31 89 0.033 0.505 -D.137 0.093 3720 3.190
36 300 900 200 199 214 274 74 -0.064  0.468  0.41] 0.303 5.045 4.442
37 300 00 200 203 202 382 99 -0.054  0.440  0.082 0.295 3.749 3.704
38 300 900 200 202 185 274 87 0.008 0.34%  0.272 0.543 3,374 3,520
37 an 900 200 §9% . 233 334106 -0.015  0.530  0.432 0.518 4.441 4.219
40 300 (1) 00 200 197 224 343 79 -0.041 0.444  0.012 0.208 3.580 3.2%
41 360 500 200 200 154 232 87 0.038  0.416 -0.14% 0.330 3.054 3.122
42 300 900 208 204 320 388 82 -0.063 03417 1.622 1.143 12.387 2.70%
43 300 700 200 200 245 345 §0  0.101  0.578  -0.071 0.394 3.799 4.001
44 300 $01 200 197 233 371 123 0.044  0.811°  0.163 0.944 4.151 5,454
43 300 200 203 48]
46 300 900 200 199 512 408 Bl  0.038  0.400 -0.207 0.097 3.200 3.5%0
47 300 700 200 2001 241 368 114 0037  0.572 -0.290 €.373 3.714 5.284
48 300 900 200 203 31T 392 103 -0.070  0.449 -0,372 0.034 3.500 3.828
4% 300 00 200 203 311 348 84 -0,145 0.354 -0.797 -0.420 4.829 4.24!
S0 300 900 200 205 275 343 106 -0.052  0.494  0.407 0.450 4.035 3.702
31 300 (1) %00 195 197 168 277 95  0.057  0.428 -0.210 0.348 4.157 4,388
32 300 900 190 189 193 280 89 -0.008  0.557 -0.040 0.370 2.823 3.443
33 300 900 185 184 152 247 91 0.016  0.420 -0.098 0.376 3.240 3.523
4 300 908 180 179 226 333 §2  0.057  0.572  0.434 0.942 4.214  4.046
3300 00 175 {74 211 272 8% -0.103  0.482 -0.096 0.1 3.012 3.019
36 300 900 175 174 - 275 375 83 0.057  0.51%  -0.400 0.180 4.2720 3.872
3730041 %00 173 179 231 330 81 -0.005  0.492  0.126 0.192 2.84% 3,022
38 300(2) %00 175 178 187 299 93 D.074  0.415 -0.005 0.34 3.094 13.547
39 300 (1) 900 173 179 124 208 94 -0.065 0,432 0.040 0.512 3.491 4.208
é0 300 se0 170 172 249 377 93 0.114 0,589 -0.155 0.292 4.018 3.820




KF AUDITORY

NUMBER
TRIALS

WRIANCE OF
RL RL+FP FP

CORRELATION OF

ROOT BY OF
RL  RL+FP

KURTOSIS (B2)

RL+FP

300
300
300
380
300
300
0
300
300
300

286
170
148
194
228
170
187
203
1%¢
201
138
239

194

300
199
140
133
231
303
380

1319

k):f

341
248
237
284
294
247

263

a
7%
29
221
339
280
344
204
270
221
21
KEL]
430

1280
T 414

v

RL,FP RL+FP,FP
-0.087  0.408
-0.042  0.560

0.008  0.59
0,116 0.525
-0.104  0.488
-0.072 0.5
-0.045  0.5%7
-0.050  0.5i8
-0.084  0.537
-0.102  0.514
-0.084  0.538
-0.063  0.489
-0.044 .55
-0.128 0.3
-0.075  0.302
-0.009  0.439
-0.037  0.631
-0.143  0.393
£.158  0.341
0,144 0.347
-.188  £.073
0,164 0.304

-0.120 -0.013
-0,128 0.220
-0.185 0.277
-0.455 0.441
-0.324 0.135
-0.323 4.130
-0.208 0.033
-0.614 -0.044
-1.028 -0.120
1.380 1.1
-0.332 0.242
-0.31% 0.110
-0.799 0.298
0.020 0.244
0.008 0.001
-0.429 0.493
-0.175 0.453
-0.323 -0.083
-1.35] -0.929
(.147 0.42}
0.444 0.443
-0.732 -0.421

2,986
2.819
4,064
4,279
2.285
3.721
3.457




DX VISUAL

B

KURTO

4s @)

NUMBER MEAN  SYNCR HMEAN YARIANCE OF CORRELATION OF ROOT Bl OF
SESS  TRIALS FP INT RL RL RL+FP FP  RL,FP RL+FP,FP AL RL+FP AL RL+FP
1300 309 248 4990
20300 900 300 301 3190 3215 112 -0.072  0.114 .48 1.548 10.738 9.872
3 298(2) 900 306 309 3458 3599 82  0.055  0.205  1.440 1.441 9.310 9,433
4 200 900 300 299 2113 2235 74 B.057  0.239  0.589 0.449 5.452 5.944
3300 300 305 5008
& 200 900 300 290 2239 2257 87 -0.098  0.099  0.440 0.726 4.143 4,383
7 300 999 300 297 2083 2159 73 -0.001  0.183  0.029 O0.003 &.457  4.01%
g8 300 799 300 304 1435 1739 182 -0.022  0.22 0.232 0.201 3.940 '3.822
§ 300 999 300 287 2029 2086 8% -0.038 D.170  0.054 0.211 5.400 4,713
10 300 999 300 30% 1550 1547 71 -0.1f1  0.192 -0.435 -0.387 4.284 4.248
11299 (1) 1000 300 289 - 1303 1445 99  0.05%  £.319  D.191 0.240 3.881 3,470
12300 999 300 297 (903 194B 45 -0.003  0.179  0.194 0.200 4.989 4,924
13 200 1600 300 291 1270 1345193 -0.038 0,239  G.530° 0.515 4.822 4.42!
4 30 1000 200 290 [542 1704 104  0.073  0.316  0.075 0.109 3.827 3.247
15 300 1000 308 297 1436 15446 79  G.046  D.270  0.229 0.244  3.}99 3,102
16 300 1060 300 289 1291 1382 90  0.602 0.2%8  0.383 0.480 3,142 3.315
17 300 [oag 300 297 1032 1119 94 -6.011 0,279 0.431 0,279 3317 3,147,
18 30 1000 300 302 B%0 92y 90 -0.091  6.222 -D.024 0.092 3.272 2.907
19 300 999 300 303 939 1054 90  0.043  0.333  0.323 0.295 3.117 2.8%4
20 300 1000 300 297  g4é 943 90 0.05F  0.3%4  0.134 0.278 3.449 3.180
21 300 1006 300 303 749 @31 110 -0.04B  0.318  0.522 0.700 S5.152 4.%08
22 300 1000 300 301 784 857 112 -0.048  0.295  1.542 1.320 11.447 8,721
23 300 100t 300 304 713 793 121 -0.049  0.325  0.277 0.347 3.162  3.273
24 299 (1) 1000 300 294 712 743 44 -0.031  0.240  0.282 0.295 3.844  3.440
23 304 1000 300 295 822 898 B1 -0.008  0.291  0.244 0.270 2.726 2.418
26 300 1000 300 298 822 927 105 -0.0001  0.336 0.12f 0.276 2.899 3.59%9
27 300 1001 300 299 747 BY 10 -0.038  0.327 0.434 0.538 3,790 3.248
28 300 1000 300 301 814 905 94 -0.006 0.317  0.317 0.451 3.403 3,807
29 300 1000 390 306 431 48F 94 -0.0B3  0.290 -0.048 0.113 2,597 2.878
30300 1000 300 299 774 823 B3 -0.049  0.253 -0.089 -0.100 3.493 3.132
1 30 1004 300 302 735 844 101 0,051  0.389 -0.249 -0.203 2,931  3.010
32 300 §99 300 302 833 840 44 -0.124  0.154  0.034 -0.012 3.092 3.329
3 300 1000 300 313 §038 1104 79 -0.034  0.214 -D.140 -D.141 3.523 3,805
34 300 1000 300 304 444 496 73 -0.04% 0,278 -0.198 -8.J15 2.44) 2.429
33300 1001 00 298 516 404 115 -0.057  0.384 -0.154 -0.201 2,819 2.759
36 300 - 1000 300 305 741 B840 99 -~0.037 0.308 -0.104 -0.026 2.957 2.850
7300 1000 300 293 744 818 83 -0.018  0.301 -0.185 -0.074 2.878 3.04%
+38 299 (1) 1001 300 291 414 624 106  -0.089  0.225  0.33F 0.500 3.955 3.434
K1 1000 300 274 474 745 103 -0.023  0.346  0.217 0.214 3.034 3177
40 300 1000 300 296 534 414 80 -0.048  0.315 -0.005 0.027 3.081 2.770
41 300 1000 300 303 530 431 92 C0.018  0.399  -0.027 0.067 3.008 2,901
42 300 999 300 305 549 450 49 0.080  0.400  0.287 0.200 3.508 3.403.
43 300 1000 300 297 498 814 81 0.074  0.383  0.355 0.349 3.317 3.10%
44 300 1000 300 300 732 791 73 -0.034  0.275  0.113 -0.004 2.837 2.398
45 300 1000 300 303 B4 1057 102  0.098  0.401  0.116 0.282 2.404 2.444
48 300 1001 300 306 907 049 9% 0.072 0.374  0.122 0.234 2.758 2.9%4
47 300 1000 300 304 554 579 70 -0.0114  0.236 -0.072 0.D13 2,632 2.770
48 300 999 300 304 777 B39 74 -0.026 0.273  0.152 0.235 2.787 2.944
49 300 1000 300 299 472 717 104 -0.114  0.274  0.200 0.204 2.774 2.727
50300 1000 300 301 é46 718 73 -0.007 0.314 -0.092 -0.021 2,938 2.708
51300 fge1 305 303 781 878 151 -0.078 0,340  0.042 0.092 2,630 2,408
52 300 1001~ 305 308 8§35 910 97 -0.005 0,323 -0.040 0,175 2.803 3.3%9
33 300 1000 - 305 309 1149 1258 94  0.020 0,29  0.094 0.048 2,835 2,720
M 30 006 303 303 347 438 93 -0.009 0,374  0.223 0.330 2.955 2.795
35 300 1000 363 294 431 302 84 -0.034 0.377 0.233 0.232 3.200 3.359
36 300 1001 30F 301 315 597 111 -0.05%  0.326 0,050 0.128 3.801 3.793
37300 100 303 06 478 309 91 -0.144 0,284 -0.042 -0.084 2.810 2,743
38 300 1000 305 204 -359% 711130 0,003 0,397  0.187 0,308 3.347 4.044
39 300 998 305 308 573 M1 57 -0.086  0.225 -0.010 0.224 2.734 3,073
&0 M 1000 305 303 310 343 74 -0.0%4  0.10 0,059 0.228 3.309 3.022




DK VISUAL

NUMBER MEAN VARIANCE OF CORRELATI(N OF ROOT B! OF  KURTQSIS (B2)
TRIALS RL RL RL+FP FP  REL,FP RL#FP,FP RL  RLsFP AL RLHFP
00 M1 573 4446 93 D045 0,337 0,020 0,311 3.144 4.002
300 310 494 541 84 -0.051  0.344  D0.213 0.26% 2,748 3.138
300 3j2 438 704 182 -0.070  0.314 0,252 0.424 2.808 3.0%
300 315 518 59 49 0.012  0.333 -0.047 -0.128 3,148 3.085
300 M0 444 947 114 0,029 0.430  0.085 0.245 2.787 2.934
300 319 423 497 92 -0.046 0,387 0.285 0,239 3.307 3.3%0
399 314 529 452 110 0.028  0.435 -0.321 0,073 3.474 3.943
300 320 449 523131 -0.156 0,354 -0.448 -0.309 3.454 3.834
g 315 499 555 B8 -0.073 0,328 -0.373 -0.23B  4.671 4.443
300 312 450 499 7S -0.073 0.320 -0.114 0,037 2.817 2.789
300 A6 74 447 1 -0.002  0.330  0.030 0.117  3.074 3.040
300 35 448 521 188 -0.062  0.380  0.013 0.145 3.083 2.982
300 8 400 428 700 -0.131 0.279  -0.014 0.145 3.335  3.093
300 320 444 Sf2 109 -0.093 0,375 0.120 0.208  3.449  3.373
300 14 B4 431 77 0,089 0.342  0.087 0.099 3472 3.105
300 320 286 393123 -0.044  0.522 0,148 0.434 2.973 3.88i
300 34 428 513 77 0.023  0.407 -0.409 0.850 3.733 3.491
300 3 410 482 83 -D.034 0,388 0.073 (0.233 2.914 3.2%3
300 322 389 454 102 -0.094 0,388 4.134 0,239 3.130 3.002
300 322 425 535 115" -0.012  D.454 -0.090 0.040 3.44) 3.592
3o 323 387 518 98 0.084 0,507  0.012 0.498 2.910 4,138
300 0 428 742 B2 0.0115  0.432  0.425 0,321 4.208 3.389
300 321 547 491 0§10 0.117  0.448  0.143 0.461 2.974 3010
300 R WY 557133 0.054 0.33¢  -0.298 9.263 3.419  1.9%5
kil 320 . 384 479 84 0.014 0.428 -0.010 0.1 2.727 2.943
300 319 304, 404 95 0013 0,497 0.137 0,399 2.93% 3.304
300 38 303 436123 - 0,073 0.578  0.308 0,332 3.138 3.425
300 321 391 311y 0.69%  0.547 -0.106 0.338 2,973 3.284
300 A6 335 99102 -0.103  0.412  -0.355 -0.182 5.212 4.434
300 T34 M8 433 79 0.018  0.443 -0.083 0,288 4,829 3.773
30 323, 332 418 44 0,073  0.438  0.032 0.044 3.113 2,992
300 20° 0 332 99 -0.114 0,443 0,184 0.233  3.097  3.406
300 324 284 457135 0.098  0.821 -0.078 0.716 3.306 4.874
300 32 434 493 104 0,111 0.336 -0.092 0.014 2.933 2.4%
300 324 348 413 109 -0.113  0.409 -0.008 (.282 3,887  3.489
300 326 AI5 436 85 -0.172  0.275  -0.2% -0.157  3.423  3.741
300 25 27 438 97 0.124  0.541  0.158 0.571 3.397 4.598
308 323 34 414 91 0034 0.497  0.042 0.193 3.231  3.444
300 322 32 377 97 -0.091  0.425  -0.485 -0.147 3.977  3.407
300 N3 333 4286 74 0.081  0.471  0.023 0.310 3,319 3.340
300 331 391 Std 116 0,009  0.484  0.246 0.509 3.330 3.444
300 337 401 474 105 -0.075  0.401  0.156 0.394 3.804 4.144
300 319 472 58 46 Q.00 0.392 -0.287 -0.046 3.287 3.373
300 41 420 S08 98 -0.025  0.417 0,029 0,287 2.B13 3.071
300 3/ 28y 377 103 -0.044 0.485  0.337 0.331 4.244 3,118
300 331 272 314 83 -0.138 0,385  0.206 G.1§f 3.452 3322
299 (I 35 3% 390 83 -0.143 0,325 0.07% 0.023 3.048 2.809
300 - 38 318 424 110 -0.004 0,305  0.118 0.329 3.313 4.892
300 349 419 532 102 0.029  0.443  0.123 0.400 2.734 2.944
110 300 w277 W2 77 -0.040 0,437 0,519 0,442 4.104  3.4BA
111300 | 376 523 416 B4 0.018  0.390  0.081 0.146 2,848 3.073
112 300~ 383 407 474 87 -0.043  0.385  0.100 0,231 2.4 2.844
113 29% (D 384 357 431 78 -0.010 0.415 -0.007 0.240 2,724 2,790
114 300 393 94 489 81 0.038  0.441  -0.002 0.068 3.224 3.23
15 300 399 429 448 7 0,090 0,303 -0.297 -0.200 3.2794 2.81¢
116 300 393 422 568 93 0.131  0.518  0.409 0.420 7.223  5.038
117 300 408 477 535 73 -0.038 0,332 0.134 0.17% 2.793 2.912
118 300 399 30 446 87 0.027  0.456  -0.027 0.088 2.574 3.4%2
112 300 400 454 %47 79 0.040 0.415  0.215 0,239 2.830 2.739
‘20 300 401 344 454 45 0,025  0.417  0.043 9.146 2.934  3.4%0

4



DK VISUsL

NUMBER MEAM  SYNCH MEMN WARIANCE OF CORRELATION OF ROOT BY OF  XURTOSIS (82)

SESS  TRIALS PP INT  RL RL RL+FP FP RL,FP RL+FP,FP RL  RL+FP RL RL+FP
121 300 1001 400 399 381 478 101 -0.010  0.451 -D.048 -0.087 3.031 2.947
122 30 1001 400 397 427 506 79  0.000 0.396 -0.059 0.150 4,414 3.894
123 300 1900 400 399 396 500 89  0.039 0.457  0.348 0.553 3.922 4.114
124 300 10060 400 394 352 424 82 -0.024 0.416 -0.048 0.255 2.837 3.442
125 300 1000 405 405 473 532 87 0.0t 0.339  0.135 0.221 3.043 3.1%9
126 380 10600 410 407 448 477 97 -0.163 0,294 0,016 0.080 3,122 - 3.248
127 300 1000 415 412 514 439123 0.004  0.442  0.048 0.349 3.426 31.818
128 300 999 420 420 336 417 49 0.033 0,386 0,135 0.195 2,972 2.899
129 300 1000 425 422 597 480 78 0.015  0.349  0.083 0.152 3.502 3.517
130 300 999 430 428 442 352 B8 0.037  0.44% 0,050 0,252 2.71 3.140
131 300 1000 435 437 511 B3 9§89 -0.058  0.356 -0.003 0.i42 3.159 3,320
132 300 1000 440 439 444 488 106 -0.147  0.325  0.255 0,215 3.029 3.099
133 300 1000 445 430 4950 718 4B -0.09%r  0.21B  -0.834 0.049 2.774 2.829
134300 1001 430 452 715 821 105 0,002 0.340 -0.1B5 -0.000 3.531  3.338
133 300 1600 455 459 482 594 88 0,043  0.441 -0.315 0.088 4.380 3.134
136 300 999 440 443 705 794 74 0,038  0.340 -0.249 0.035 4,347 3.998
137 300 1000 445 448 493 578 87 -0.004  0.383  0.148 0,340 3.071 3.520
138 300 799 470 444 478 558 B3 -0.007 0.378 -0.0%0 0.0y 3.183 3.0
139 300 1000 475 449 593 703 107  0.004  0.3%5  0.018 0,146 2,919 2.852
140 300 1000 480 479 495 5@z 92 -0.013 - 0.385 -0.08% -0.03% 3.055 3.217
141 300 1000 485 484 579 449 99 -0.040  0.334 -0.044 -0.080 2,818 2.815
142 300 1000 490 485 429 745 97 0.039  0.3%7 0,284 0.310 3.402 3.544
143 300 1060 493 495 748 909 B4  0.150 0.442 -0.047 0.033 2,973 2,874
144 300 999 300 301 %28 5Bl 8% -0.078 0,310 -0.048 0.008 3.340 3.208
145 300 1060 500 494 517 576 72 -0.033  0.321  0.047 0.172 3.044  3.144
146 300 1000 500 504 422 453 8% -0.122  0.249  0.029 -0.003 2.775 2.44%
147 300 1001 500 494 582 487 119 -0.026  0.3%2 -0.024 0.162 3.153 3.7
148 300 1000 300 502 592 477 73 0.028  0.357  0.114 0.174  3.248 3.039
149 300 1000 500 501 549 438 102 -0.033  0.370 -0.400 -0.204 5.047 4.498
150 ; 300 1000 500 502 341 598 82 -0.040  §.314  -0.044 0.034 2.743 2.350
151 - 300 999 500 498 638 714 B89 -0.027 0,328  0.188 0.281 3.415 2,342
152 200 999 500 303 747 771 74 -0.146  D.144  0.339 0.404 3.446 3.148
153 300 1000 300 305 434 718 84 -0.044 0.298 -0.041 0.021 2.829 2.825
134 300 1000 300 3501 737 804 74 -0.057 0,248 -0.101 -0,122 3.5%4  3.409
153 300 1000 500 504 500 5¥9 91 0.0i8  0.407  0.102 0.1BF 3.201 3.025
134 7300 1000 500 499 493 341 75 -0.070  0.304  0.212 0.232 3,249 3.541
157 308 101 580 307 524 592 113 -0.094  g.34% 0,171 0.070 3,417 3.194
138 300 100 300 304 319 401110 -0.958  0.373  D.094 0,265 3.303 4.058
159 -3d0 1001 300 500 403 431128 0,143 0.306 0.028 0.i88 2.773 31.412
160 300 1000 300 "302 544 405 98 -0.080  0.327 -0.112 0.045 3.247 3.026
141 300 1000 300 503 454 544 88 0.008  0.40B  0.033 0,230 2.872 3.147
162 300 999 %00 581 S8 437 B0 -0.003  0.352  0.230 0.323 3.414 3.81D
163 299 (1) 1000  S00 502 436 527 84 -0.034  G.247 0,214 0,150 3.947 3.42%
144 300 - 000 500 302 523 572 BS -0.085  0.305 0,080 6.225 3,750 3.350
143 300 1000 300 303 399 445 98 -0.080  0.384 -0.224 -0.016 3.092 2,911
146 300 1000 500 301 491 555 90 -0.041 0,344 -0.020 0.014 3.050 3.049
1647 300 1000 300 301 338 445 107  0.061  0.408 -0.1B1 0.034 3.495 3,713
148 300 1001 500 499 455 518 114" -0.111  0.345  0.144 8,271 3.375 3.554
169 300 1060 500 499 320 451 87  0.101  0.457 0,094 0.38¢ 3.575 3.558
178 300 1000 300 30F 537 427 103 -0.028  0.381 -0.113 0.046 3.1584 3.144
171300 1000 300 502 591 409 B89 -D.154 0,229 -0.043 -0.092 .04 3.055
C172 300 1000 3¢ 302 33§ 423101 -0.031° 0,374 0,144 0.113 1.504 3.213
173 300 1000 . 495 498 446 552 98 -0.030 0.394  D.045 0,047 3.284 3.204
174 300 ~ 999 493 497 424 479 77 -0.041  0.343  0.008 0,125 2.87% 2.934
175 300 1001 495 497 432 505 87 -0.035 0,382 -0.127 -0.109 2.84B  2}455
174 300 1000 495 500 509 382 98 -0.057  0.338 0,032 -0.017 3.050 . .3.147
177300 1000 495 502 454 344 104 0.014  0.441  -0,1BY -0.084 2,809 2.828
178 300 1000 495 498 51% 590 8% -0.031  0.350  0.149 0,305 2.984 3,307
179 300 1000 490 492 3087 444 98 -0.107 0,370 0.092 0.098 3,027 2.43%
180 300 1000 490 477 4249 478 103 -0.018  0.353  0.032 0.11% 2.753 2.784




DK VISURL

HIMBER MEAN  SYMCH MEAN VARIANCE OF . CORRELATION OF ROST 8f OF  KURTDSIS (B2)
SESS | TRIALS FP INT RL RL RL+FP FP  RL,FP RL+FP,F?P RL RLs+fP fL RL4FP
§
181 300 999 490 487 421 4720079 -0.077 0,337 0.134 0.128 2.995 2.888
182 300 1000 490 491 417 473 87 -0.082  0.352 -6.009 -4.035 2.74B 2.733
183 360 1600 485 481 349 409 84 -0.124  0.33¢ -0.150 0.080 2.4B1 2.829
184 300 1000 485 484 339 434 ¥ -0.07¢ 0,383 -0.030 0.977 3.17%  3.23)
185 300 1000 485 483 374 421105 -0.020 0.454 0.142 0.382 2.783 3.3
186 300 1000 485 482 401 531 136 -0.813  0.494 -0.184 (.702 3.224 15.528
187 300 1000 485 487 407 482 97 -0.053 0,399  0.158 0.077 3.34% 3.7
188 380 999 485 487 343 440 92 0,071  0.509.  O0.040 0.410 3.127 4.383
189 300 999 480 482 359 398 47 -0.094 0.323 0.044 0.174 2.800 3.283
190 300 1001 480 483 301 408 §28 -0.053  0.514 -0.014 8.572 2.974 4.013
191 300 1000 480 481 478 538 93 -0.031 0.381  0.091 0.157 2.871 3.042
192 300 1000 480 482 458 507 94 -0.112  0.329  0.086 0,187 3.029 2,914
193 300 1000 475 477 442 340 107 -0.021  0.426  0.190 0,217 3.4015  2.919
194 299 (1) 1000 475 475 340 440 8%  0.030  0.467 -0.09% -0.028 3.43 2.819
193 300 1000 475 471 334 430 89  0.022 0.473 0.110 0.204 3.240 3.100
196 300 1000 475 479 315 420 94  0.026 0.500 -0.142 0.239 2.982 3.036
197 300 1000 475 479 430 462 98 -0.1é1  0.304 -0.087 0.098 3,009 3.151
198 300 1000 475 473 381 43¢ 88 -0.089 0.345  0.219 0.3%7 2.820 3.B48
199 300 1000 470 473 424 539105 0.019  Q.450 -0.122 0.029 3.205 3.7%7
200 300 999 470 470 353 435 95 -0.035  0.435  0.013 0.427 2.785 4.897
201 300 1000 470 470 334 395 98 -0.109 0.3%7 0.264 0,331 3.439 3.009
%gg 308 799 :;g 4?3 313 77 43 -0.008  0.402 -0.03% .0.204 3.022 3.148
204 300 1000 470 470 313" 393 89 -0.032 0.447 0.204 0.317 3021 3.0
205 300 1000 445 45 273 350 93 -0.050 0.472 -0.342 -0.147 3.473 3.414
206 300 1600 445 449 314 394 98 -0.0564  0.447 -0.082 0.332 2.838 3.22%
207 300 1000 445 447 282 345 8% -0.021  0.474  0.041 0.286 2.849 3.473
208 200 1000 445 446 285 340 88 -0.102  0.414 0.0 0.i03 2.938 2.807
209 300 1000 445 447 249 333 8% 0.081 0.545 -0.170 0.010 3 439 3.308
210 299 (1) 1000 440 462 310 398 97 -0,025 Q.47  0.324 0.358 4,859 4.071
211 300 1000 440 462 283 342 88 -0.090 0.425  0.018 0.149 3.098 3.147
212300 1000 440 442 349 420 B9 -0.051  0.414  0.082 0.13] 3.373 3.913
213 300 1000 480 463 293 374 B89 -0.025  0.447  -0.083 D0.004 2.842 2.B44
214 300 1000 480 444 358 420 96 -0.0%2  0.392  0.034 O0.181 3.407 3.3
215 300 1000 440 459 274 338 88 -0.074  0.442  0.03% O0.1&7 2,715 2.975
216 300 1000 440 462 240 298 83 -0.089  0.44%  0.03f 0.288 3.755 3.735
217 300 999 455 455 315 413 95 0.013  0.4%0 -0.025 0.342 3.484 4.4il
218 300 1000 455 4S8 224 299 114 -0.121  0.514  0.022 '0.57% 2.90% 4.3
219 300 1000 455 441 430 9§50 87 0.085  0.472  0.121 0.318 3.627 3.74¢
220 - 300 1000 455 459 281 344 94 -0.033  0.483  0.042 0,338 3.414 3.317
221 3 1000 455 458 35 395 90 -0.145 0.318 0.041 0.172 3322 2.782
222 300 1006 455 455 301 374 81 -0.027 0.441  0.025 0.0§2 2.309 2.484
223 M0 1000 450 452 320 426 89  0.050  0.50¢f  0.034 0.106 2.744 2.895
229 300 1000 450 456 382 440 98 -0.102  0.376 -0.313 -0.077 3.738 3.é24
225 300 1000 450 452 240 373 8y  0.081  0.586 0.022 0.340 3.381 3.383
226 300 1000 450 451 279 330 88 -0.053  0.4%4  0.087 0.21% 2.992 3.007
227 300 1000 450 452 342 422 83 -0.009 0.434 0,138 0.233 3.3%84 3.33¢
28 300 1000 445 448 263 43 8% -0.030  0.484  0.078 0.274 2,801 3.%47
229 300 1000 445 430 223 314 88  0.014 0.340 -0.0B4 0.232 2.935 2.9
230 300 1000 445 449 308 347 838 -0.08%  0.409  0.253 0.414 3115 3102
231 310 999 443 450 289 390 95  0.017  0.508 0.437 0.848 3.884 3.247
232 300 100t 445 447 241 289 97 -0.141  0.43f ~=0.137 0.031 3.334 3.325
233 300 - 1000 440 443 290 381 114 -0.042 - 0.493 0,159 0.429 3.167 3.404
234 300 1000 440 437 322 378 102 -0.126  0.403  0.243 0.332 J.4i6 2.897
235 100 1000 440 43% 257 328 89 -0.047 0.462 0.071 0.13¢ 3.271 3.084
238 300 1000 440 443 257 352 92 0.08f  0.520 0,338 0.524 3.908 4.627
237 300 1000 440 442 244 349 93 0.030 0,528  0.038 0.218 3.347 3.097
238 300 1001 435 434 275 327 984 -0.135  0.418 -0.003 0.300 3.344 3.378
239 300 N0 435 433 256 348 94 0.058  0.553  0.015 0.242 2.462 3.019
240 300 AD00 435 436 191 278 8% -0.009  0.538  0.087 0.338 2.433 3.08I
J -
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DK VISUAL

NIMBER MEAN  SYNCH MEAN

VARIANCE OF CORRELATION OF ROOT B] OF  KURTDSIS (B2)
SESS  TRIALS FP INT R RL RL4FP FP  RL,FP RL#FP,FP RL  RLsFP  RL RL+FP
241 300 1060 433 437 289 338 92 -0.074  0.454  0.038 0.212 2.819 3.217
242 300 799 433 433 314 406 92 -0.006  0.472 -0.0B2 0.212 2.796 3.101
243 300 435 436 283
244 300 1000 433 431 253 318 92 -0.090  0.459 -0.105 -0.051 2.990 3.024
245 300 1000 430 428 303 374 80 -0.028  0.438  0.147 0.180 3.319 3.077
248 300 1000 430 432 288 344 79 -0.072  0.413  0.154 0.282 3147 13.273
247 200 1000 /,A%g 431 268 366 102 -0.014  0.514  0.011 0.427 3330 3.704
248 300 1000 ~ 4 427 298 396 8% 0,025 0.496 0,283 0.589 3.053 3.425
249 200 999 425~ 424 293 349 84 -0.025 0.454 0.33% 0.504 3.339 3.722
250 300 1000 425 418 220 305 93 -0.028 0.52%9 0,045 0.335 2.992 3.179
231 300 1000 425 425 282 383 8& 0.045 0.514  0.189 0.513 3.029 3.383
232 300 1000 425 425 250 345 94  0.004  0.524  0.038 0.417 3.140  3.403
253 300 ]ﬂgﬂ 420 423 270 384 89 0,080 0.54%  0.037 0.173 2.702 3.033
254 300 99 420 417 246 307 84 -0.078  0.452  0.073 0.072 3.408 3.002
235 300 108 420 426 250 348114 -0.049  0.532 -0.183 0.413 4,392 4.128
206 300 10 420 417 271 362 94 -0.011 0,500  9.183 0.382 3.007 3.i91
237 360 f00 420 423 308 375 @7 -D.062 0.426 -0.187 0.045 2.770 3.034
258 300 1000) 415 418 221 294 99 -D0.084  0.504 -0.101 0.04% 2.775 2.494
259+ 300 19 415 415 238 344 96 -0.024 0.508  0.188 0.325 - 3.306 3.487
260 300 1000 415 417 288 343 B84 -0.098  0.412  0.199 0.§38 3.035 2.915
261 300 1060 415 410 242 343 93 -0.038 . 0.488  0.187 0.511 3.275 3.502
262 200 000 415 418 217 312 92 0,011  0.553 0,129 0.3%92 3141 3,124
263 300 el 410 412 230 320 119 -0.0%0  0.535  0.083 0.347 2.801 3.257
264 300 1000 410 410 194 289 79 0.045 0.5724  0.128 0.660 4.254 4.773
265 300 999 410 412 224 277 79 -0.1001  0.445 0,079 -0.010 3.133 3.101
264 3 1001 410 412 219 358135 0.012  0.424 0,156 0.795 3.083 4.412
287 300 1000 410 413 235 329 84 0.027 08,538 0.001 0.170 3.141 3.289
268 300 1000 405 407 282 348 80 -0.047  0.438 -0.314 -0.012 3.047 3.4)4
26% 300 1008 403 408 287 334 79 -0.109 0.386  0.192 0.260 3,385 3.379
270 308 1000 405 404 251 340 §0 -0.002  0.512 -0.011 0.371 2.904 4.35
271 300 1000 405 465 228 299 B! -B.035 . 0.4%0 -0.035 0.220 3.329 3.500
272 300 1000 485 404 252 398 108  0.118 0.814  8.11% 0.455 3.404 4.193
273 300 1000 400 399 208 279 71 0.004 0,510  0.251 0.350 3.356 3.341
274 300 1000 400 400  18F 222 49 -0.124  0.44 -0.003 0.154 2.919 3.134
273 300 1000 400 402 193 3 8 0.113  0.617  0.024 1.281 3.841 11.440
276 300 1000 4B0 402 259 338 80 -0.004 0.484 0,146 0,395 3.084 3.088
277 300 999 400 399 253 342 79 0,035 0.512 0.118 0.435 31.147 2.990
278 308 1000 395 396 233 327 90 0.017  0.537 -0.019 0.i18 3.180 3.310
27% 300 1000 395 398 234 308 71 0.003 0.483  0.74] 0.401 4.999 4.214
280 300 1000 395 393 193 277 87 -0.013% 0,550 -0.035 0.547 2.944 3.847
281 300 1000 395 398 180 277 84  0.044 0,595 -0.042 0.811 3.23¢ 7.073
282 3M 1001 395 397 217 336 111 0.022  0.593 -0.012 0.423 2.981 4.743
283 300 1000 390 392 214 281 44 0.0t4 0.489  0.148 0.294 3,301 3.420
284 300 1001 390 398 281 348 96 0.028 0.538 -0.140 0.376 3.240 3.925
283 300 1000 390 395 191 310 110 0.029 0,419  0.290 0.812 3.443 4.979
288 300 799 390 393 282 367 79 0.018  0.481  0.1% 0.246 3.750 3.852
287 300 100 390 389 182 313133 -0.013  0.447  0.029 0.424 3.302 3.299
288 300 {000 383 384  §B3 274 94 -B.0§3  0.575  0.043 0.313 3.008 3.{i5
289 300 1000 385 383 193 279 93 -0.028 0.555  0.178 0.424 3.324 4.099
290 299 (1) 1080 385 38) 171 252 92 -0.042  0.520 -0.039 0.33% 2.816 3.188
291 300 1000 385 389 184 274 93 -0.004 0.577  0.081 0.344 3.273 3.49
292 300 1001 383 389 149 259 96 0.038  0.653 -0.180 Q.504 3,147 4.494 .
293 300 1000 380 385 219 347 110 0.120  (.441 -0.13%9 0,293 3.581 3.420
294 300 1000 380 383 228 342101 0.043  0.379 -0.287 0.215 2.500 3.317
295 300 1000 380 377 243 335 92 -0.001 0.524 0,040 0.252 3.120 3.207
296 300 1000 380 378 227 320 87 0.022 0,540 -0.048 0.239 2.839 3.009
297 300 999 380 384 226 328 84  0.049  0.562 -0.050 £.200 2.753 3.31%
298 300 1000 375 373 190 244 92 -0.047  0.532  9.103 0.054 3.469 3.425
299 300 999 375 377 170 286 92 0.01B 0,603 -0.128 0.402 2.833 3.049
300 300 1000 375 379 184 334 110 0.141  0.479 -0.14% 1.005 2.904




DK VISUAL

NIMBER HMEAN  SYNCH MEAN VARIANCE OF CORRELATION CF ROOT Bf OF  KURTOSIS (B2)
SESS TRIALS FP INT  RL RL RL+FP FP RL,FP RL+FPFP RL  RULsFR AL RL+FP
301 300 o0 375 372 451 558 88 0.048  0.440  1.083 0.B17 8.045 5.435
302 300 999 75 74 148 4% 79 0.010 0,572 -0.035 0.330 - 3.188  3.43f
302 308 1000 375 373 t44 223 90 -0.129  0.523  0.114 0,215 2,436 3.318
304 300 1000 370 321 193 243 87 0,146 0.469  -0.172 0.044 3.220 3.38]
05 360 1000 370 379 208 304 B4  0.041 0,545 0,032 0,380 4,145 4,438
30 300 1001 3200 372 148 284 11t -0.050 - 0.407 -0.180 0.573 3.127 4.438
307 300 {001 37 30 205 331 113 0.041  0.617  -0.04% 0.5%9 3.426 4.823
308 300 1080 370 376 180 249 87  0.007 0.57% -0.072 0.097 3.148 3.012
309 300 1000 345 363 232 323 B4 g.015 0.529  0.018 0.32 3.270 4.544
310 300 1000 345 342 (41 249 84 0013 0,573 -0.004 0,346 2.954 3.290
Ay e 1000 245 342 234 298108 -0.138  0.480 -g.312 D0.035 3.834 3.442
312 300 1000 345 385 241 284 95 -0.071  0.5I5  -0.1%2 0.120 2.Bi4 3,257
313 300 99y 345 8 W% 277 49 -0.004 0,495 0.143 0.400 2.814 3.228
314 300 000 360 38 24 317103 -0.005 0,544 -0.09% 4.373 2.209 3.859
315 300 1000 340 362 202 271 79 -0.041  0.505 -0.212 -0.038 2.%43 2.83D
316 300 100 346 344 183 259 90 - 0.027  0.409 -0.1%0 §.24B  3.47%  3.903
317 300 1000 340 362 201 248 108 -0.137 0.515 -0.271 0.228 4,173 3.932
318 300 1006 340 342 195 279 %4 -0.044  0.548  -0.031 0,348 3.30% 3.825
19 300 1600 335 355 190 243 44 0,043 0.4792 -0.§27 0.070 2.803 2.938
320 300 1000 355 357 188 287 108 -0.033  0.586 -0.274 0.189 3.302 3.479
321 300 999 335 398 211 271 B0 -0.07%  0.47% - 0.128 0,530 3.442 4.207
322 300 1000 355 34 2084 276 87 -0.062  0.308 -0.230 0.046 2.708 2.91)
323 300 1066 355 352 203 270 87 0.075 0.503 -0.010 0,285 2,979 3.935
324 300 1g0r 350 350 193 270 131 -0.1i8 0,32  0.057 0.383 2.845 3.7%3
323 300 1000 350 352 226 362 104 -0.093 0.508  0.186 0.425 3.278 3.259
328 300 fep1 350 392 144 242 119 -0.074  0.415 0,108 0.4B4  3.055 3.7%7
327 300 1000 3% 351 229 279 80 -0.111  0.434  -0.004 0,158 3.133  3.13%
~328 300 350 46 153 '
3290 100y 345 344 180 243 111 -0.170  0.530 -0.023 0.447 2,789 1,993
330 300 1000 345 348 215 328 104 0,027 0.387 -0.343 0.268 3.474 4.47t
331 300 1000 345 344 144 203 &4 -0.128  G.445 -0.074 0.141 2.925 3.1
332 308 1001 . 345 348 52 270 113 Q.00  0.440 -0.434 0,237 4,240 3.918
33 300 1000 95 344 174 21 97 -0.003  6.597 -0.232 (.14 3.328 3.3
334 300 1000 =340 30 J76 222 B4 -0.133 0.478  0.027 0.334 2.833 3.88!
K1) {00 40 339 175 277 111 -0.033  0.407 -0.028 0.431 3.305 3.787
338 300 1000 340 338 211 2723163 -0.138  0.492 0.013 0.290 2,938 3.57¢
337 300 1000 340 339 257 02 79 -0.104 0.4i8  -0.102 -0.002 ¢ 2.741 3.007
338 300 1000 340 34% 1M 212 &4 -0.028  0.52%  0.026 0.098 2.980 3.132
339 300 1001 335 339 235 334 113 -0.045  0.345 -0.077 0.302 2.833 3.9l
340 300 999 335 340 216 249 B0 -0.159 0.420 -0.279 0.140 3.334 4.4%¢
341 300 1000 335 338 {9 274103 -0.044 0,555 -0.734 -0.155 5.832 J.448
342 300 1000 335 335 200 311107 -0.022 0.34%  0.044 0.414 2,806 3.762
343 100 1000 335 334 142 203 81 -0.0%1  0.554  0.029 0,577 3.402 1.7H
344 300 1000 330 33 17y 2wy 71 -0.185 0.414 -0.344 -0.171 3.322 3.273
- 345 300 999 230 " 334 192 236 74 -0.129 - 0.444  -0.120 -0.224  2.538 2.904
344 300 1000 330 329 220 279 84 -0.098 0.447 -0.247 -0.093 3.097 3.201
347 00 1000 330 0 332 173 2446 90 -0.087  0.349 0,132 0.415  2.939  3.52!
348 300 999 330 330 18] 246 92 -0.027 0.385 ~—0.004 0.481 3.322 3.744
349 300 1000 325 322 197 281 8y -0.080  0.534 -0.203 -0.00% 3.418 3.45!
350 300 1001 325 327 183 273 113 -0.084 0.573 0,013 0.327 3.481 3.298
331 300 1060 323 322 184 239 94 .15 0.494  0.224 0.412 3,140 3.342
332 300 1000 325 322 174 247 84 -0.043  0.346 - 0,113 0.425 3.047 3.838
33300 1000 325 327 228 341 103 0,033 0.573  0.06% 0.343 2,347 3.412
334 00 1000 320 323 © 208 234 79 -0.202 0.3%4 0,335 0.245 3.884 3.1Z
35 300 1000 320 323 173 254 105 -0.0%0  0.570 0,309 0.124 3.135 3,544
356 300 1080 320 324 145 242 681 -0.015 0.344  0.245 0.83& 3.028 A.905
357 300 1001 . 320 322 189 268103 -0,088 0.348 -0.008 0,257 3,266 3.290
358 300 1000 320 32 235 327 97 -0.017 0,531 0,310 0.238 3.873 4.4
359 300 g0 313 317 194 281 84 0,084  0.558 -0.042 0.141 , 2,714 2.893
360 300 1000 315 316 183 253 73 -0.013  0.527 -0.022 0.317 © 2.488 3641
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DK VISUAL

CORRELATION OF

HUMBER MEAM  SYNCH MEAN VARIANCE OF ROOT 81 GF  KURTDSIS (B2)

SESS  TRIALS FP INT R’ RL RL+FP FP  RL,FP RL+FP,FP KL RL+FP  RL RL+FP
341 300 1000 315 319 203 285 74 °0.024 0.537 -0.031 0.07) 2,813  2.540
62 300 1000 315 318 141 227 79 -0.040 0,540  0.048 0.359 3.118  3.255
343 300 1060 315 317 205 310 165 -0.002 0.581 -0.148 0,026 3.031 3.071
364 3007 1000 310 31 198 255 81 -0.093  0.48F  0.053 0.235 3.277 3.477
363 300 1000 310 311 229 291 7t -0.037 0.443  0.460 0.497 3.475 3.735
366 300 1000 318 308 196 243 89 -0.I158 .44 -0.053 0.056 2.883 3.23]
Jé7 300 000 310 312 175 249 97 -0.088 0.331  0.144 0,274 3,241 3.744
3468 300 1000 305 307 170 220 B4 -0.143  0.492  0.i83 0.349 2.823 3.3
349 300 1000 305 303 170 228 74 -0.080 0.510  0.028 0.205 3.402 3.24t
3 300 1000 305 305 194 232 103 -0.228 0.457  0.01% 0.181 2.752 3.231
371 300 1000 305 309 113 140 81 -0.186  0.552 -0.243 0.j8% 2.818 3.078
372 300 1000 305 304 188 238 71 -0.093 - 0.445 0.218 0.322 2.448 3.105
373 300 1001 300 299 148 213113 -0.i84 0.575 -0.218 0.328 3.338  4.044
374 300 1000 306 303 144 223 %6 -0.147 0.528 -0.154 0.249 2,997 3.014
75 300 ee 300 301 173 257 105 -0.080  0.575 -0.105 0.314 2.882 3.437
376 300 1000 300 305 179 243 95 -0.11B  0.524 -0.048 0.382 2.42% 3.431
377 3 1000 300 302 197 244 74 -0.027 0,512 - 0.203 0.281 3,707 3.181
378 300 1000 300 301 221 367 103 -0.057 0.530  0.025 0.155 4.096 4.075
379 1000 300 297 144 229 81 -0.04% 0,536  0.128 0.570 3.024 4.130
380 300 1000 300 301 161 225160 -0.140 0.546 0,183 1.050 3,198 8.549
381 300 1000 300 298 144 212 100 -0.204  0.509 -0.043 0.391 . 3.024 3.393
382 300 1000 300 303 179 241 83 -0.082 0,514 -0.118 0,223 3,090 3.248
383 300 1000 300 301 170 234 88 -0.092 0.526 -0.033 0.352 2.494 3.74¢
384 300 1000 300 307 208 282 88 -0.047 0.514 -0.241 0,216 3.848 3.155
385 M 1900 300 301 174 250. 84 -0.037 0.547 0.078 0.218 3.547 2.843
384 300 1000 300 302 174 234 81 -0.089 0.511 -0.091 0,226 3.053 3.315
387 300 1000 300 303 174 241 98 -0.123 0,531 -0.091 0.293 3.125 3.455
388 308 . 1001 293 294 147 180 83 -0.224 0.474 -0.107 -0.107 2.485 2,778
387 300 1000 290 291 142 231 89 -0.082 0.552 0,112 0.493 3.215 4.258
390 300 - 999 83 286 145 {91 74 -0.137 0.0  0.012 0.147 3.399 3.082
39t 300 1000 280 279 115 155.79 -0.208 0.537 0,125 0.300 3.411 3.328
392 300 j600 275 277 140 202 90. -0.126  0.343 -0.008 0.458 2.417 3.599
393 208 1000 275 278 146 216 79 -0.042 0.572 -0.255 0.108 3,455 4,079
ggg 308 idce %;g : 273 195 285 90 -0.007  0.356 -0.346 0.077 3.829 3.éM3
394 300 1006 275 279 138 208 83 -0.038. 0.583 -0.325 0.019- 3.736 3.767
397 300 1000 2725 280 145 211 88 -0.172 0.492 -0.045 0.183 2.789 3.243
398 300 1000 280 284 191 246 84 -0.111  0.4BS -0.074 0.174 3.580 3.53
399 300 1000 "28 282 174 273103 -0.013  0.403 -0.108 0.909 3,002 4.432
400 308 100f- 290 290 IS0 200 100 '-0.206 0.531 -0.078 0.4i8 3.252 4.748
401 300 1000 275 296 148 213 9% -0.211  0.495  0.327 0.336 -2.940 3.158
402 300 100t 300 298 133 21§ 109 -0.123  0.617 -0.134 0.440 3.249 3.171
403 200 ool 300 304 132 197 106 -0.175  0.591  -0.123 0.323 3.180 3.443
404 300 999 300 301 137 ¢ 94 -0.030 0.415  0.112 0.738 2,859 5,348
405 300 999 300 304 144 232 86 0.0 0.618 0,184 1.033 2.404 7.827
406 300 1000 300 - 300 134 177 89 -0.213 0,524 0.048 0.351 2. 2,927
407 300 [0 300 297 . 132 180 83 -0.147 0.535  0.112 0.423 3.298° 4.445
408 300 1000 300 299 145 228 €3 -0.103  9.532 0.026 0.548 2.905 3.744
409 300 1000 300 304 148 " 228 85 0,025 0.592 - -0.095 0.2724 3,303 3.133
410 300 1000 300 300 158 280 103  0.075  0.462 0.104 0.73¢4 3.257 4.743
411 300 1000 360 300 177 241 80 -0.046  0.521 -0.080 0.050 2.473 2.893
412 300 1000 305 303 144 220 73 -0.074  0.511 -0.154 0.287 3.052 3.507
413 300 999 305 306 178 227 71 -0.098  0.472 -0.062 0.210 3.740 3.353
414 300 992 305 309 149 251 49 0.041 0,575  0.032 0.287 2.972 3.00%
413 300 1000 305 304 185 279 89  0.022 0.582 -0.098 0.303 3.762 4,299
44 0 1000 305 308 177 226 80 -0.131  0.480 -0.199 0.103 3.020 3.024
417 300 1000 305 305 205 230 84 -0.224 0.391 -0.310 -0.172 3.403 3.209
418 380 1000 305 306 197 2726 85 -0.025 0.535  0.901 0.421 2.784 3,425
419 300 1000 305 . 306 140 186 84 -0.254 0.443  0.094 0.218 3,278 2.770
420 300 93¢ 305 307 200 71 -0.134  0.477  0.042 0.436 2.980 3.904




DK VISuAL
NIMBER MEAN  SYNCH MEAN VARIANCE OF CORRELATION OF RGOT B! OF  KURTOSIS (B2)
SESS TRIALS FP INT R RL RL+FP FP RL,FP RL4FP,FP RL  RL#FP AL RL+FP
421200 1000 205 307 134y 204 74 -0.040 6.578 -0.377 0.218 4.089 3.700
422 300 100 30 33 128178 71 -0.108 0,539 -0.110 0.134  3.273  3.0%4
423 300 1000 316 313 130 221 76 -0.022 0.348 -0.119 Q.194. 2,947 3,028
424 300 1001 30 31 176 T7 1S -0,04B 0,407 -0.187 0.443 3.549 4.014
423 3N 1000 30 307 157 204 72 -0.613  0.493 0,191 0.120 3.31B 297
426 300 1000 310 313 128 214 %8 -0.053 8,635  0.113 0.40% 2.713 4.546
427 300 too0 310 312 143 283 100 0.085 0.678  4.017 0.BD 3.033 3.898
428 300 999 310 U3 157 192 78 -0.194  0.441 -0.047 0.329 2.7%7 3312
429 300 1000 310 313 121 1%t B0 -0.080  0.407 -0.071 0.347 2.423 3.338
430 300 1008 30 32 177 4% 118 -0.140  0.555 -0.175 O0.412 3,202 4.3
431 300 1000 310 06 128 182 95 -D.183  0.548 . 0.141 0.424 2,881 3.370
432 300 1000 315 38 147 249 B4 -0.917 0,373 -0.244 0.112 3.247 2.329
433 . 300 999 313 U9 132 227 97 -0.004  D.44Y  -0.214 0.493  2.730  3.38)
434 300 1000 313 38 130 173 $¢0  -0.2i8  0.334 0,191 D.418 3.301 3.048
435 300 1000 313 33 130 199 76 -0.032 0.591 -0.088 0.228 3.849 3.022
434 309 1001 5 38 142 281 116~ 0.011  0.474  0.088 1.036 3.174 4.014 .
437 300 1000 319 316 14 231 72 -0.028 0,533  0.800 1.008 9.081 8.433
438 300 001 35 37 157 270 106 0.024  0.446  0.206 0.%43 3.132  5.848
439 300 1901 315 314 135 231 98 -0.006 0.444 -0.040 0.770 3.20% 4.799
440 300 1001 313 309 1484 238101 -0.034  0.425 -0.04% £.493 2.81% 3.688
441 300 1wee 35 33 21 193 §9  -0.121  0.421 -0.273 0.599 2.930 4.995
442 300 . 99% 320 320 136 224 78 0.048 Q.48 -0.217 0.374 2.738  3.4%0
443 100 180 320 325 131 217 76 0.052  0.431  6.015 0.340 2.910 3.249
444 300 1000 32 34 127 171 48 -0.126 0,319 0.403 0.359 3.043 2.377
445 300 999 320 322 132 213 @83 -0.013  0.414 0,085 0.626 2,622 4.02%
446 300 foo0 320 3¢ 157 233 8f  0.042  0.417  0.283 0.572 3.228 3.BQ0
447 300 1000 320 318 154 249 90 0.018  0.4)7 -D.131 0.433 2.984 4.3%4
448 300 1000 320 323 140 202 71 -0.044  0.334 -0.178 0.174  2.40%  3.025
449 300 1000 320 321 147 251 84 -0.001 0.579 0.144 0.441 3.427 3.795
430 300 1088 320 327 255 98 %0 -0.1%4  0.407 -0.238 0.113 3.308 3.483
451 300 . 100¢ 320 318 80 244 100 -0.133 0.325 0.244 0.417  3.020 4.4%4
452 300 993~ 325 324 205 290 8 0,028  0.543> -0.120 0.2i2 3.122 3.324
453 300 999 325 323 143 217 78 -0.107 0,507 0.283 D0.473 3.9%4 3.755
454 300 1001 325 323 17 235 €3 -0.07%  0.526 -0.030 0.073 3.209  3.102,
433 300 1000 325 324 209 280 89 -0.86B  0.305 -0.135 0.182 3.372 3.284
456 300 ig00 323 328 194 235 -0.098  0.493 -0.243 0.033 - 3.332 3.328
457 300 999 325 328 173 20 92 -0.178  0.488  0.096 0.474 3.374 4.014
438 300 1060 325 326 213 286 83 -0.033 0.307 -0.037 0.423 3152 5.139
459 300 1006 325 323 186 248 71 -0.053  0.4%4 -0.132 0.197 3.299 4.083
440 300 1000 325 327 142 217 98 -0.i86  0.307 -0.284 O0.248 3,198 3.432
441 300 000 325 329 236 331100 -0.017 0,33 -D.077 0.371 3,252 4.215
462 300 1000 330 330 14 231 84 -0.047 0.332 0.213 0,337 3312 2.9
443 300 1000 330 333 197 278 19 k;ﬂ.ﬂﬂ4 6.533 -0.211 D0.129 3.091 3.37%
444 300 999 330 331 174 238 A “v-0.028 0,320 0,053 0.381 3.142 3.94)
443 300 1000 330 - 333 214~ 281 726 0,038 0.487 0.154 0.438 3.021 3.4%8
446 300 $99 330 331 213 294 g4 -0.141  0.427 -0.139 -0.018 3.233 3.131
457 300 1006 340 340 270 349 83 -0.017 0.479 -0.34F 0.095 3.448 3173
448 300 599 340 343 212 281 108 -0.131  0.507  0.129 0.404 3.248 3.382
449 299 (1) 999 340 40 175 237 48 -0.02%  0.311  0.052 0.370 3.074 5.309
470 300 1000 340 340 §%4 27080 -0.847 0,530 0,20 0.352 3.487 3.382
471 300 1006 340 343 170 199 73 -0.200  0.429 -0.0B4 0.0B4 3.218 3,329
472 300 99 380 350 134 219 97 -0.131  0.336  0.023 8.322 4,231 4,307
473 300 999 330 49 153 234 75 0,024  0.588 -0.207 0.304 2,722 3.473
474 300 1000 330 348 230 334 80  0.¢21  0.307 0.124 £.274 3.209 3.4%
475 300 999 330 351 145 22 73 -0.117  0.483  -0.113 0.285 3.91  3.27
4724 300 10600 350 350 148 232 119 -0.194 0,352  0.176 0.5%7 3.487 3.492
477 300 1001 340 359 174 249 109 -0.122  0.559 4£0.218 0.423 3.793 4.4d4
478 100 1000 340 336 126 271 %6 -0.004  0.591 0,314 0.839 3.09% 3,734
473 300 1000 340 357 181 245 %2 -0.109  0.520 0.155 0.1%6 2.B85 2.987
480 300 999 30 30 154 247 108 -0.054  0.417  0.146 1.012 3.104 7.343

)

-

-



DK VIsUAL

i

NIMBER MEAN  SYNCH MEAN WARIANCE GF CORRELATION OF ROOT BI QF  KURTOSIS (B2)
SESS  TRIALS FP iNT R RL RL+FP FP  RL,FP RL+FPFP RL  RLtFP AL RL+FP

481 00 1000 340 35 130 204 €7 -0.039  0.406 0 343 3.133  3.848
482 300 1000 320 - 370 174 202 75 -0.213 0 0.411  -D Jd21 0 2,686 2.947
483 300 1080 370 371 161 233 88 -0.048 0.558 -0 J07 0 2.950  3.25¢%
484 300 1000 320 372 146 218 83 -0.132  0.301 377 2,944 3,441
483 300 999 370 348 143 248 8%  0.082  D.412 J200 3,799 4.497
486 300 999 370 374 144 242 %4 -0.044 071 292 2,080 5.225

487 300 1000 380 382 i79 240 80 -0.079  O.5i0
488 300 1001 380 383 190 291 118 -0.DéG 0,589
489 300 1000 380 381 194 271 95 -0.046  0.335
490 300 1600 380 379 IS5 220 B4 -0.087  0.551
491 300 1000 380 382 147 238 94 0.034  0.620
472 299 (1) §000 390 387 214 283 B8 -0.D&2  0.4%7
493 300 1000 390 389 205 273 73 0.017  0.30t
494 300 1000 390 388 140 244 103 0.004 O

495 300 1000 398 374 183 242 B -0.098 O

494 300 1006 390 398 16t 208 90 -0.1&8 0

- 497 300 [601 400 400 248 321 114 -D.127 0.

498 300 999 400 399 200 276 86 -0.043 0.523 0.217 0.322 3.51 3.413
49% 300 1000 400 38 180 220 B3 -0.139 3.478 -0.043 0.245 2.750 3.288
0
0
0

260 3,522 5.022
387 3.331 3.310
349 3,191 3.0
024 3.446 3.054
241 3.086  -3.113
S¥2 3,271 3,442
267 2,757 | 3.080
.82 2,937 5.243
L44  2.928 3115
435 3.128 3,283
J88  3,203 4,245
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300 300 1000 400 399 214 285 8B -0.04f 502 0,340 0,373 3,733 3,223
501 300 1000 400 398 175 258 1Q3 -0.074 L7 0.307 @W4i4 3,243 3.938
502 300 1000 400 400 180 217 &1 -0,182 444 <0037 0.147 2.998 . 2,725
303 300 1000 400 398 194 251 73 -0.077 481 -0.120 -0.040 2,930 3.103
4 300 1000 400 _ 401 187 243 95 -0.067  0.542  0.111 0.300 2.738 3.105
305 300 1000 400 g8 203 273 B& -0.057 0.31F  0.086 0.257 3,040 3,344
506 300 1000 400 3% 224 294 87 -0.054 0.4%6 -0.038 0.200 3,324 3.140
307 300 999 400 397 182 249 80  0.032 0.571  0.144 0.546 3,123 4.027
S08 300 100 400 400 204 245 82 -0.158  0.43¢4  0.15% 0.}47 3,147 3.588
509 300 1000 400 402 143 200 78 -0.188 B.442 0,198 -0.012 3.005 2.961
510 300 1006 460 400 205 258 BF -0.121  0.447 -0.104 0.30% 3.089 3,87
31300 1000 460 402 1§88 277 101 -0.044  0.546  0.024 0,229 2.47% 3.418
s12 300 1000 400 398 1Pl 273 83 -0.004  D.547  0.088 0,234 3.973 . 3.4B4
513 300 1000 400 400 220 268 82 -0.024 0.43% 0,138 0.195 2.778  2.813
°14 300 1000 400 397 200 _297 104 -0.022 0.572  0.021 0.235 - 2.8%7 3.131
315 300 1601 . 400 398 218 323 135 -0.089 0.573  0.180 0.544 2.722 4.047
314 300 999  4D0 400 162 249 83 -0.001  0.593  0.00% 0.2724 3,088 3.242
- 97 30 999 400 399 124 20 74 -0.1735  0.432  -0.142 0.11F 3.2 3.2
518 300 999 400 402 211 280 72 -0.097  0.440 0,047 0.152 3.080 3.04%
319 300 1000 400 403 175 232 88 -0.042  0.554 -0.081
520 300 1001 40 403 200 240 184 0,135  0.50f O
521 300 1001 A00 402 183 257 135 -0.195  0.540 . B
922 300 999 400 402 219 285 88 -0.0B0 0.485 0
523 100 799 400 400 199 . 272 75 -D.008  0.519 O,
0
0
0

8

8

4

31 0.292 ~2.465 3.579

85 0.407 3.974 332

J78 0,390 4.078 41494

?1 0475 2.977 3,
82.0.33 2914 3.223
43 -0.042 3.53% 3.3%9
20 1.403 5,548 8.943
ég 0.383. 3.240 3.333

524 300 1000 400 404 204 249 72 -0.024  0.4%4
323 300 1000 400 00 210 322 106  0.018  0.589
526 300 1000 480 402 177 248 9% -0.108  0.543

527 300 999 400 401 147 206 78 -D.171  0.462 0.075 2.888 3.243

328 300 799 400 399 178 227 T3 -0.i04  0.474 -0.054 0.i80 2,670 2.749
529 300 1000 400 400 171 227 119 -0.221  0.533  0.0%6 0.235. 3,172 3132
330 300 1000 400 403 193 246 104 . -0,042 8,593  0.200 O0.413 2,740 3.058
331 300 999 400 400 148 237 B0 -0.047 0.340 -0.074 0.243 2,782 3.253 .
33 00 10060 400 397 198 214 85 -0.117  0.528 -0.119 0,109 2.045° 3.403
333 300 {000 400 402 157 227 103 -0.129  0.344 -0.221 0.33 2.9%¢ 3.323
s34 300 1001 400 400 138 225 122 -0.197  0.5721  0.117 0.857 3,588 4,423
533 300 1001 400  40) 194 266 105 -0.115  0.529 -0.01% D0.343 2.58% 4.448
536 300 1060 400 403 180 219 81 -0.174  0.450 0,239 0.338 2.B34 2,942
337 300 1000 400 401 173 245 94 -0.010  0.589  0.22t 0.793 2.740 5.025
538 300 1000 400 493 183 245 156 -0.21%  0.585  0.093 1.137 3,340 8.108
239 300 1000 400 403  1é2 234 107 -0.053 0.406 0,057 0.591 3.275 3.707
340 308 1001 400 3%6 194 277 109 - -0.087 0,553 0.241 0.400 3.317 3.500
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CORRELATION OF

: NIMBER MHEAN  SYNCH MEAN VARIANCE OF ROOT BY OF  KURTOSIS (B2)
SESS TRIALS FP INT AL RL RL#FP FP  RL,FP RL+FP,FP RL  Ru+FP  RL RLHFP
341 300 1000 400 399 184 252 94 -0.105 9.528 -0.019 0.236 2.548 2.90¢
342 300 1000 400 401 187 230 82 -0.158  0.455  0.152 0.119 3.i81 3.198
343 300 000 400 403 - 143 213 78 -0.121  0.49%  -0.032 0,292 2.579 3.244
544  300~—1001 400 400 194 274 105 -0.081  0.550  0.033 0.507 2.504 3.494
345 300 ol 400 40r 141 27 109 -0.139  0.557  0.084 0.218 3.027 2.998
s46 309 1000 400 401 - 183 238 48 -0.045 0.477  0.047 0.124 2,598 2.714
347 300 9IS 410 205 249 83 -0.148  0.444  0.052 0.328 2.448 2.044
o48 - 300 §9% N\ _ 192 240 108 -0.140 0,523 0.3726 0.734 3.486 5.014
349 300 1080y 410 311 149 203 49 -0.078  0.518 -0.037 0.347 3.088 3.267
338 300 1000 ™y 440 410 174 233 95 -0.13%  0.517 0,109 0.3 2.891 3.733
531 300 1000 | 410 412 © 174 50 B84 -0.047  0.544 -0.040 0.389 2.998 3.3
592 300 999 | 4. 418 219 253 4% -8.138  0.3%3  0.219 0.}9 2893 2.7
393 200 1200 20 420 189 238 81 -0.i28- 0.470  0.159 0.238 3.280 3.2
34 300 1000 20 419 200 225 74 -0.,207  0.388 -0.146 -0.0%0 3.009 3.023
555 300 1000 0 420 181 227 71 -0.110 0.459 -0.170 -0.217 2.7/ 2.838
938 300 1001 /4 424 148 248 98  0.009 0.835  0.113 0.524 ‘2,792 3.817
557 300 001 1 430427 199 254 101 -6.143  0.487 -0.085 0.0%1 3.281 3,253
598 300 1090 425, 227 283 101 -0.149  0.443 -0.126 0.004 3.027 2,490
339 100 1000 43D .34 344 83 0.135  0.345  -0.118 0.121 3.083 3.2%9
346 200 1000 430 433 193 257 98 -0.024 0.50% - 0.23% 0.438 3.040 3.404
361 300 1000 430 426 194 244 81 -0,043 0.517 .0.002 0.283 3.034 3.248
562 300 1000 440, 435 244 322 75 -0.044  0.426 -0.040 0.011 3.1 3,124
343 300 999 440 T 439 208 05 91 0.023 0,544 -0.262 "0.398 3011 4122
364 300 1001 440 439 182 274 103 0,042 0,579 0.109 $.219 Z.84% 2.833
3463 300 1061 440 443 179 259 87 -0.027 0.336 -0.117 0.130 2.99% 3.39¢
364 300 1000 440 439 - 200 279 74 0.013  0.333 0.23¢ 0,357 3,178 3.18)
567 360 1000 450 452 188 253 49 -0.016 0.508B -0.1253°-0.040 2.715 2.804
348 300 1000 450 © 453 238 337 104 -9.022 -0.542  0.003 0.493 3.307 447
369 300 1000 430 451 225 240 74 -0.149 0,395 . 0.0i5 0.144 2,704 3.300
370 300 1000 450 451 1S5 219 83 -0.08]  0.547 -0.033 0.325 3.323 3.748
571 300 999 450 453 238 297 78 -0.073 0,448 -0.02% 0.170 2.74% 3.22¢
572 300 1000 440 462 210 261 2% 0,100 0.448 0,111 0.0B5 2,341 2.389
373 300 999 40 464 209 246 90 -0.195  0.426 -0.038 -0.026 2.80% 2.784
- 974 300 1001 440 443 218 282 103 -0.131  0.489 -D.020 0.233 2,889 3.113

375 300 1001 440 462 248 290 87 0,152 0.406 -0.113 0.106 2, .
324 300 1600 440 442 218 283 78 -0.052 0.480  0.098 0.092 2.

377 300 1000 470 469 246 314 120 -0.152  0.485 -0.117 8.352 "2,

578 300 - 1001 470 449 209 274 73 -0.031 0.488 0.020 0.330 2,

579 300 1000 470 448 245 327 87 -0.019 0.499  0.153 0.314 3

380 300 1005 470 473 180 267 103 -0.048 0,572 -0.014 0.346 3,

381 300 100 470 473 185 229 87 -0.170  ©.462 -0.004 0.042 3.

382 308 999 480 474 182 248 97 -0.117 0.525  0.111 0.193 2,

583 300 1000 480 478 21t 288 103 -0.088 0.324 -0.004 0.783 2

584 300 480 482 204 . S

385 300 1000 480 484 207 244 90 -0.119  0.476 -0.182 0.348 " 2,

586 300 999 480 478 202 281 74 -0.841 0.478 -0.082 0.233 3.

387 300 1000 40 490 220 315 80  0.057 0.930 -0.074 0.407 3.

388 300 1008 490  4%0 205 251 48 -0,091  0.437 -0.085 0.131 3.

38% 300 999 430 492 229 262 83 -0.080 0.396 -0.004 0.395 3.

390 © 300 1000 490 493 174 208 78 -0.198  0.434 -0.343 -0.031 3.

391 300 1000 490 493 249 320 120 0,143  0.487 -0.036 0.273 2,

sy2 300 1000 500 - 4%4 243 324 87 -0.019  0.301 0.277 0.482 3

593 300 1000 300 494 178 237 80 -0,089 0.304 0.026 0.425 1.

394 300 1000 500 497 193 227080 0.007  0.54F -0.024 0.3 3,

395 300 1000 S0 498 1B4 224 74 -0.159  0.438 0,249 0.186 3.

594 300 1000 500 503 248 305 49 -0.047 0.433  0.090 0.117 3.

397 300 1000 500 498 19% 239 84 -0,155 0.434  0.033 .0.)41 2,

998 300 1000 S0D 498 199 304 117 -0.040  0.588 -0.182 0.348 3,

399 308 1000 500 S0 199 233 91 -0.210  0.430 =0.051 0.104 3.

400 308 1000 SO0 SO0 215 270 87 -0.120  0.462  0.340 0.301 3,

[N
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NEAN

NIMBER SYNCH  MEAN VARIANCE OF CORRELATION OF ROOT 8] OF  KURTOSIS (B2)
SESS  TRIALS FP -INF AL RL RL+FP FP  RL,FP RL+FP,FP RL RLsFP RL - RL+FP
401 300 1008 300 508 208 249 80 -0.134  0.443 -0.187 -0.026 2.984 2.517
402 300 1000 300 499 230 246 74 -0.153 0,392  0.037 0.014 3.i188 2.884
<403 300 1000 300 500 230 282 94 -D.143  0.448  0.157 0.081 2.947 2.494
604 300 1000 300 500 210 327 104  0.040 0,600  0.024 0.401 3.677 5.537
803 200 196t 500 0.588 -0.234 0.138 3.470 3,340
406 300 [ooo0 500 0.354  0.080 -0.014 3.742 1.23
407 300 1600 500 0.517 -0.088 0.282 2.797 13,381
408 300 1000 3500 0.483  0.274 0.314 3.213 1475
409 300 . 1080 300 0.417  0.070 0.278 3.073 3.009
410 300 ° 1000 500 0.592  0.048 0.848 2,920 5.134
811 300 1000 300 0.520 -0.027 0.16% 2.954 2,91}
812 300 1000 500 0.378  0.180 0.475 2.424 3.20%
613 300 1800 300 0.313  0.367 0.431 3.446 4.487
414 300 1600 500 0.347 0.168 0.378 3125 1,933
815 300 1000 500 0.447  0.594 1,879 5.320 11.404
) &ié 300 1000 380 0.504 -0.171 0.243 2.%03 3.407
817 300 1006 300 0.364  0.078 "0.372 2.740 3.349
418 300 9% 500 0.529 -0.099 0.396 3.033 4,488
819 300 1800 500 0.30%  0.030 0.2700 2.447 2.687
420 308 1000 500 0.469  0.328 0,342 3.038 3.124 -
821 300 1600 308 0.527  0.008 0.385 3.075 3.776
422 300 1081 500 0.556  0.044 0.273 3.439 4,343
623 300 999 500 0.536 -0.142 0.429 2.944 3.910
424 300 1008 500 0.381 -0.09% 0.006 2.611 2,880
823 300 1000 300 0.344  0.182 0.157 3.092 2.%31
426 300 1000 300 C- 0,546 D.102 0.407 - 3,078 3.309
427 308 100t 500 0.594  0.138 0.346 2.892 3.174
428 300 1000 300 0.486 -0,093 0.064 3.920 3.6%7
429 300 1000 300 0.544  0/i1BB 0.357 3.184 3.475
430 300 1608 500 0.524 J32 0,326 3057 3,411
431 300 1001 300 857 8,204 0.33¢ 3.418 3.444
432 300 1000 500 0.480 -0.382 0.154 3.446 3.309
433 100 1800 500 0.350 -8.039 0.383 3.128 4.047
834 300 1000 300 0.436 0,185 0.904 2,932 5.847
435 #4300 1800 500 0.301  0.086 ©0.287 4,343 4.944
438! 300 1000 500 0.307  0.287 0.396 3.979 4.148
6%%) 300 1001 500 S0 0,225 0,348 2,943 3.24%
é 300 1001 ~.500 0.504 0,026 0.323 3.434 4,212
L/ 439 300 1600 | 500 0.555 0/11B 0.531 2.983 3.461
. = o0 300 1000 / 500 0.316  0.332 0.443 2.913 3.983
o 441 299 (1) 1001 | 500 0.606 -0.094 0.322-72,76% 3.380
é42 300 997 . 300 0.344 -0.231 0.028 4.037 4,033
643 300 - 999 N\ 500 0.475 0.286 0.479 3,831 3.48D
444 300 100§ +S00 0.544 -0.084 D.497 3.04% 3.884
643 300 igoe 500 0.579  0.149 0.280 2.703 3,020
444 300 \999 300 0.4%7  0.142 0.13} -uD82 2.894
447 299 /(1N 1001 500 0.437 0,113 0.383 3.094 3.382
448 3007 \999 500 . 0.457 -0.059 0.003 3,583 3.074
447 300 997 300> 50 0.320 -0.043 0.202 2.9%9 3.44%
450 300 1000 500 0.544 -0,235 0.285 3,240 3.932
é51 300 1poc 500 0.480  0.000 0.414 2.B33 3,810
852 300 1000 500 0.54%  -0.097 0.245 2.B3]1 3,325
633 00— 100! - 500 0,498 0,176 0.333 3.220 2,893
4 ,300 1000 500 8.530  0.095 G.416 3.353 4,249
633 7300 999 500 0.497 -0.183 -0.082 3,340 3.341
436 300 ° 1000 ° 500 0.488  0.179 0.141 3.855 3.231
837 300 100§ 300 §.503 -0.412 -0.039 4.878 3.471
438 300 1000 300 0.388, -0.143 0.206 2,939 3.118
439 300 1000 3500 0.357° -0.072 0,214 3.097 2.990
440 300 1081 5o 0.548  0.222 0, 2?7 3.458  2.877

el

-
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NIMBER MEAN  SYNCH MEAN VARIANCE OF CORRELATIN OF ROOT 81 OF  KURTOSIS (B2)
- SESS TRIALS PP INT  RL RL RL+FP FP  RL,FP RL#FP,FP RL RL+#P AL RL+FP

B4l 300 999 500 SO0 143 170 47 -0.206  0.438 -ﬂ.ﬂéﬂ

0.193 2.434 3.7
é62 300 1060 500 501 177 253 8% ~0.052 0,547  0.018 0.275 2.84% 3.299
643 300 . 1001 500  S05 185 282 138 -9.130  0.594  0.044 0.811 2.701 79
864 300 1000 500 S01 13 229 89 -0.05%  0.540  0.181 0.453 2.984 /3.454
445 300 100 500 507 175 238 B4 -0.0%  0.520 -0.22) 8,055 3.182 / 3.3%7
&6 300 1001 500 501 170 238 121 -0.188  0.357  0.140 0.28%. 3.300/ 3.237
&67 300 1006 S00- S02 149 213 92 -0.192 0.487 -0.014 0.12¢ . 3.4 3.770
468 300 000 500 S62 173 255 94 -0.053  0.570  0.003 .0.448 ; 3082 4.442
469 300 1000 500 502 137 224 104 -B.064  0.429  0.090 0.608- 2.870 3.93L
620 300 1000 500 502 170 278 104  0.007  0.424  0.194.0.844 2.984 5.084°
471 300 1000° 500 Se0 174 238 81 -0.073  0.522 -0.138 0.019 2.B03 2.934
672 300 1000 500 S0 150 239 98 -0.038  0.410  0.0384 0.445 3.B18 3.528
473 300 100t 500 502 142 €20 106 -0.112  0.605  -0.040 0.229 2.873, 3.028
674 300 1000 500 504 145 242122 -0.098  0.433 -0.071 0.794 2.756  4.443
675 300 999 500 504 148 209 71 -0.136 0,459  0.055 0.393 3.H5 .30
476 308 1000 500 504 148 220 83 0,132  0.498  0.048 0,105 3134 2.504
477 300 1000 500 S0 162 205 76 -0.150  0.474 0,232 D.119 3.466\\ 4.128
478 300 1080 500 S04 136 197 94 -0.133 0.570 —=0.153 0,522 3.140 4 261~
479 300 160t 500  S00 183 27 91 0,112 0,539 -0.014 0404 3.788 4,704 h

480 300 1001 500 498 - 149 257 128 -0.139 ///U2594 0.254 [.454 3.220 3.383
481 300 1 500  S03 147 243 120 -0.083 7 0.408 0.122 0.38 3.543 3.718
482 300 00 NS00 507 199 231 92 -D.22 0,428 -0.177 [0.179 3,075  3.469
483 300 200 06 562 171 193 93 -0,282 0.431 0.272°0.378 3.853 2.9%4
484 300 1000 500 4% 140 225 71 .-0.030 0,537 0.31% 0.332 3.285 3.2
685 300 . {006 00 S04 155 219 83 -0.0B4  0.544  0.215 0.4é2 2.830 3.443
886 300 1000 500 S04 193 238 97 -0.180  0.457  0.111 0.068 3.194 2.827
487 300 1000 500 502 188 246 94 -0.045  0.545 . -0.041 0.226 3.090 3.482
488 300 1000 500 502 134 182 74 -0,148 0.319  0.004 D.449 3.004 3.524
489 300 1000 500 502 144 197 45 -D.042 0.520 -0.077 0.283 2.847 4.153
430 300 1000 500 502 132 191 80 -0.126  0.542 -0.297 0.i%2 4.081 3.039
691 300 . 1000 SO0 502 173 240 76 -0.04f  0.52% -0.083 0.238 4.900 4.110




IS VISUAL
NUMBER MEAN SYNCH MEAN VARIANCE OF CORRELATION OF =+ RDOT Bi OF  KURTOSIS (82)
SESS TRIALS FP RL RL. RL+FP FP RL,FP RL+FP,FP Rk RL4FP - AL RL+FP
1 298 (2y 900 300 290 4480 4554 B3 -0.008  Q.108 1. 528 1.576 3.93% 6.342
2 00 960 300 A1 2544 2780 %5 0.123 0.204 1,040 1.087 5,020 4.853
3 300 500 300 . 288 1830 J910 74 0,009  0.205  0.8417 G.74B  3.B48  3.412
4 300 00 294 1003 ’
37300 ¥00 300 292 949 1047 B2 0.028 2,304  0.402 0.300 4.329 4,385
4 200 300 283 1398
« ! 300 00 300 295 B3? 931 ¥ -0.044 0.281 -0, léﬂgzﬂ 71 4847 3.815
8 300 701 300 303 757 844 120 -0.055 0.325 0,122 U35 3.837  3.486
g 300 fogo 300 308 899 1003 85 0,034 0.324 0.730 0.708 &.047 5.552
10 300 1000 308 282 441 722 93 -0.045  0.298  0.527 0.340 3.336 3.174
11 300 itdo 300 288 390 401 B2 -0.141 - 0.210 0.244 0,118 4,173 1.422
12+ 300 1000 300 288 846 925 72 0.0413 0,292 0,110 0.034 5.355 5.218
13 300 1000 300 00 467 525 79 -0.054 0,338 0.05f 0,013 3.288 2.825
14 300 999 300 303 415 473 78  -0.047 0.294 0.2{8 0.321" 3.376 3.32¢
13 300 1001 00 293 I 438155 -0.095 0.336  0.217 D0.392 3.788  4.202
dé 300 1006 300 300 718 794 B8R 0.009  0.325 0.308 0.243 4.772 4.540
17 300 1000 300 303 489 38% 91 9.021 0.413  0.057 0,313 3,117 3.330
18 360 1000 300 299 423 481 71 -0.037  0.350 0.éB4 0.487 5.153 4.942
19 300 1000 300 295 390 40 80 0.000  0.413  0.376 0.231 3,959 3.3:2
20 300 999 300 294 521 604 72 0.022 0.373 -0.036 0.103 3.004 3.184
21 300 1000 300 298 378 414 71 -0,09%  0.318 0.077 0.338, 3.231 3.44]
22 300 1000 300 298 427 730 %0 0.027 0,376 0,309 0.554 4.047 4,300
23 300 1000 300 295 458 727 74 -D.0M4 0,308 -0.185 0.107 43712 4,467
24 300 1001 00 293 4¥4 946 %8 -0.05% 0,340  0.000 0.032 3.323 .3.180
25 300 5000 300 281 801 898 105 -0.013 0,330  0.243 0.393 -4.298 3.838
26 300 §9% 300 293 420 530 -9z 0,047 0.457 0,088 0,341 3.090 3,345
27 300 1000 300 289 702 . B34 94 0.075  0.404  0.34¥ 0.411 4.142 4,053
28 300 1000 , 300 278 848 942 91 0.004 0,313 0.725 0.820 4.093 . 5.792~
29 300 1000 © 300 284 519 405 93 -0.017 0.377  0.284 0.395 5.272 C4.439
300 299 (1) 1000 300 294 442 507 105 0.1 0,326 0.323 0,358 3.374  3.07%
31 300 999 300 297 345 440 78 0.030  0.457  0.034 0.30% ;s 4.484 4.1(8
32 300 - 99¢  300°, 283 506 575 70 -0.004  0.346 0,484 0.591 7 5.993  5.05%
33 380 1000 30 291 413 "534 9 0.071 0.476  9.5% 0.452 4.104 5.089
34 300 1000 300 293 308 334 B¢ -0.108  0.374  0.140 0.200 2.893 2.925
I 30 1000 300 287 337 425 97 -0,026  0.455  0.117 0.3%0 3,174 3.089
34 300 {080 300 288 338 427.104 -0.03%  0.438  0.052 0.322 4.B93 - 3.852
37 300 1000 300 293 405 4%t 73 0,030 . 0.41%  £.404 0.452 3.808 3.%05
8 300 1000 300 294 353 447 91 0.006 0.458  0.4461%0.492 3.212 3.34é
3y 300 1004 300 290 350 455 131 -0.082  0.483  0.137 0.246 3,819 3.484
40 300 1000 300 286 513 403 79 . 0.027 0.387 0.434 0.502 4,014 3.447
41 300 999 30 293 344 432 89 0.000 0.443 0.489 0.419 4.333 3.925
42 300 1000 300 293 4% 579 100 -0.039  0.37%  0.4%4 0.414° 4,645 3.844
43 300 1000 300 288 370 454 74 . 0.030 0.430 -0.095 0.127  4.113 3.447
44 308 1000 300 292 384 449 83 0,053 0.383  0.318 0.380 " 4.310 3.897
4% 300 999 300 297 336 400 47 -0.00%  0.400 0.13¢ 0.243 3021 3.104
44 300 999 300 287 438 479 48 -0.078  0.302 -0.444 0.098 11 488 7.401
-47 300 1000 300 -293 297 344 8f -0.03%  0.434 0.004 0.01% 3.143 2.93%
48 300 1000 300 288 438 517 85 -0.086° 0.344 - 0.111 0.249 3.826 4.027
49 300 1000 300 297 248 341 104 -0.034  0.923 -0.107 0.j42 3.058 3.884
50 300 1000 300 297 228 3% 94 -0.008  0.336 -0.187 0.216 3.020 2.982
31 300 999 - 300 308 33 409 78 -D,013  0.426 -0.142 0.191  3.151  3.244
32 300 1000 300 293 188 299 104 0.025  0.410  0.208 0.581 2.914 3.2%!
33300 1000 300 291 208 303 8  0.038  0.563 © 0,249 10.983 3.8  35.417
54 . 300 1000 300 289 288 421 103 0.093~ 0.572 -0.19% Q.26 2.991 3.537
35 300 1060 300 294 290 384 101 -0.014  0.49% 0,120 0.347 3.141 3.2B1
56 300 1600 300 288 312 435 73 0.158  0.549  -0.070 0,092 3.2 2.97%4
37300 1000 300 294 381 445 B4 -0.007  0.435 -0.149 0.188 3.283 3.348
8 300 1000 300 296 239 407 108 0,120  0.411 -0.14% 0.435 2.977 3.444
59 300 1000 300 295 414 488 81 -0.025 0.383 0.422 0.514 7.970 5.809
&0 300 1000 300 289 295 427 %0 0.130 0.367  0.185 0.470  5.227 4.449
.
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15 VIsAL

NUMBER MEAN  SYNCH HEAN VARIANCE OF CORRELATION OF RUGT 8] OF  XURTOSIS (B2)

SESS TRIALS FP - INT AL RL RL4FF FP  RL,FP RL#FP,FP RL+FP  RL RL+FP
61 300 1901 300 294 425 584 119 0.088  0.5284  O0.617 0.346 3.132 3.533%
62 300 1000 380 278 409 474 91 -0.047  0.376  0.031 0.001 4.022 4.2%4
43 300 999 30 294 398 442 49 -0.074  0.326  0.35% 0.443 3.805 3.231
44 300 1000 300 290 438 492 48 -0.095 0.280 0.037 0.032 3.248 3.120
43 300 1000 300 29! 374 445 90 -0.003 Q.43 9.210 0.212 4,000 3.817
&6 300 1000 300 294 378 447 109 -0.050  0.439  0.034 W.1é6 3700 3.392
47 300 1000 300 284 351 471 104  0.042  0.507 0.337 ¥.755 3.9 4755
58 300 1000 200 291 333 416 78 0.015  0.448 -0.045 0.046 W.181 2,998
- 69 300 1000 300 291 302 3% 76 -0.079 0.3%0 -0.01% 0.073 3.840 3.973
70 300 999 300 293 341 515 94 0.155  0.542 -0.041 0.307 3.941 3.593
21300 1001 385 298 380 488 97 0.030 0.472  0.384 0.443 3,188 4.2
72300 1900 05 295 341 398 73 -0.04% 0.383  0.417 0.331 5.448 4,109
23 299 {1y 1001 305 296 296 411 100 0,043  0.529  0.288 0.294 2.8 2.70%
74 300 101 305 W 2A7 /Y 99 -0.050 0.455 -0.211 0.128 2,922 3.131
75 300 1000 305 311 - 394 487 101 -0.025 0.433 -0.07Q,0.220 3.418 3.889
76 300 1600 30 301 304 3372 0 -0.048  0.43t  -0.427°-0.151 3.443 3,244
77300 1006 310 302 383 485 102  0.002  0.44] 0,318 -0.047 3.301 3.292
78 300 999 310 306 254 287 49 0,141 0.360  0.043 D.071 4.045 3,731
79 300 1000 310 306 433 542 §ff  -0.004  0.448  0.394 0.553 4.290 3.872
80 300 1000 310 298 322 392 110 -0.107  0.434 -0.372 0.17% 3,778 3.414
Bl 300 1001 35 314 3\E& 501 114 0,003 0.480 -0.109 0.210 2,388 3.147
82 300 1000 315 320 494 %83 97 -0.019 0,370  0.i31 0.328 3.010 3.333
83 300 1000 315 308 422 495100 -0.048 0,388  0.013 0.244 2.77% 3.33
B4 300 1000 315 317 431 499 78 -0.026  0.370  0.195 (0.414 3.495 3.822
g5 300 1000 315 314 411 524 88 D.047 0449 -0.108 0.207 2.86f 3,343
86 300 1001 315 308 258 344 104 -0.054  0.502  0.427 0.428 1.772 3.484
82 300 1000 315 302 355 446 78 0.038  0.451 0,163 0.147 3.340 2,843
g8 300 1000 315 317 353 411 91 -0.09f  0.385 0,333 0.537 3.144 4,045
8y 300 1000 395 306 288 376 97 0,028 0.485 0.452 0.356 3.073 3.199
50 300 1000 315 311, 400 498 87  0.030 0.445- 0.707 0.é97 4.063 5.348
91 300 . ige 320 A 424 540 %1 0,114 0,303 0.28] 0,338 3.33% 3.13
2 300 1008 320 3t 233 311 94 -0.099 0,504  0.1B1 0.440 3.583 3.412
?3 300 100§ 320 3T - 386 501 114 -0.003  0.478  0.144 0.409 3,247 3.348
94 300 001 320 " 3N 289 340 112 -0.113  0.434 0,383 0.405 3.945 .75l
5 300 1000 320 311 334 411 93 -0.044 0.433  0.23% 0.340 3.231 3.284
94 300 1000 2325 320 431 527 B9 0.018  0.427 0.48% 0,534 3.623 3.146
97 300- 1000 325 312 513 450 85  0.124  0.472  0.322 0.532 3144 3.440
38 300 1000 325 314 299 384 89 -0.011  0.471 -0.013 0.404 3.194 3.457
99 300 1006 325 316 257 318 85 -0,084  0.443 -0.127 0.1é4 3.300 4,033
100 300 1000 325 319 333 440 94 0.023 0.4  0.389 0.532 4,140 3.73]
i0} 300 1001 325 321 300 372 BY -0.041  0.441  -0.134 -0.138 3.99% 3.992
192 300 1000 325 324 234 307 85 -0.043 0,488 -0.092 0.13%9 2,742 2,87
103 300 999 325 329 34 444 43 0,121 0,476  0.029 0.149 2.731 2.448
104 300 100f 325 235 339 435109 -0.034  0.471  0.306 0.491 3.548 3.4M2
195 300 1000 325 330 300 383 90 -0.021 0.465 0.11% 0,243 3,21 3.298
1084 300 1001 338 337 172, 264 89 -0.007 0.575  0.33F 0.443 3.495 3.212
107 300 1000 340 344 290 347 99 .-0.047 0.440  0.110 0.387 3.477 3.549
108 300 1000 335 326 210 312 {19 -0.054 0.574  0.135 0.406 3.060 4.232
109 300 1000 345 332 288 .378 87  0.012  0.489  0.140 0.345 30012 3.599
110 300 1000 350 347 289 382 83 0.030 0.4%3 -0.153 0.081 3.073 3.037
11 300 999 333 348 218 318 %2 0,030 0.343  0.301 0.511 3.7% . 3.780
112300 1000 40 365 247 389 105 0.115  0.811  0.135 (0.330 4.084 3,913
113 - 300 1000 35 31 386 48B3 77 0.132  0.329  0.489 0.238 2.815 2.8
114 300 999 370 371 237 325 80 0.031  0.52F  0.224 0.44¢ ‘g 285 3,744
115 300 1000 375 30 274 358 B2 -0.002 0.480 0.337 0.217 B0S  3.143
116 300 1000 380 371 435 532 92 0.014 0.428 0.264 0.300 3.143  2.9%5
147 300 1000 383 370 343 427 Bl 0.008 0,443 -0.074 0,140 2,821 3,054
118 300 1000 30 386 273 377 103 0.004  0.526 0,340 0.448 4,770 3.95)
119 300 999 395 391 382 453 49 0.006  0.3%6  0.242 0.448 3.742 4.423
120 299 (1) 999 391 448, 537 80 -0.027 Q.30 0.028 0.212 - 3.314 1.434
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. 15 VISUAL
NUMEBER MEAN  SYNCH HB‘-‘N ARIANCE OF CORRELATION COF ROOT 81 OF  KURTOSIS (B2)
5e55  TRIALS P INT RL RL4FF FP RL,FP RL+FP,FP RL  RLs+FP  RL RL+FP
121 300 1090 400 397 483 357 80 -0.014  0.345 0,077 0.202 2.590 2.9
122 300 1000 &s0¢ 392 393 492 91 0.022  0.44%  0.433 0.570 2.973 3.é24
123 300 1000 400 381 771 Bi1° 90 -0.095  0.241  0.B&& 0.788 5.3d42 4.593
124 300 1000 400 392 339 418 77 -0.057  0.377°  0.582 0,558 4.i26 4.282
125 300 1001 400 384 543 448 §7  0.017  0.403 1,020 0.717 7.582 5.48]
126 300 999 480 387 489 567 77 L0084 0.375 -0.025 0.043 3.479 3,335
127 300 1000 400 391 429 485 98 -0.163  0.353  0.341 0.514 4,074 4.835
128 300 1600 400 402 395 519 107  0.043  9.491  0.531 0.438 3.228 3.451
129 300 1000 400 397 374 437 81 -0.052- 0.382 0.478 0.509 3.846 3.743
130 300 1001 400 390 384 477 105 -0.030  0.442 -0.009 O0.198 3.935 3.444
131 300 1901 406 393 444 408 95  0.109  0.492  0.123 0.522 2.943 3.498
132300 1000 400 393 305 390 65 -0.001  0.4é6 -0.115 -0.075 3.13¢  2.704
133 300 §99 400 399 430 521 5% 0,035  0.370 -D.014 .0.079 3.149  3.542
134 300 999 40 410 352 431 49 0,034  0.430 -0.139 -0.003 3.343 2.877
133 300 1001 400 391 329 488 124  0.086 0.576  (.418 0.781 3.331 4.494
136 300 1000 400 401 342 435 100 0.934  0.500  9.150 0.437 2.995 3.701
}37 300 1000 400 393 418 3525 80  0.074  0.458  0.231 0.541 3.388 3.743
38 300 1001 - 400 395 331 484 114  0.098  0.568  0.13% 0.495 2.807 3.147
139 300 1000 400 408 358 539 HOS  0.§97 ' 0.é01  0.350 0.7262 2.841 3.4%4
140 300 1001 405 407 315 457 114 0.075 V0.561  0.201 0.528 2.881 3.206
141 380 410 410 524 //f '
142 300 1000 415 419 331 416 88 -0.0047 0.372  0.493 0.473 5.623 4.578
143 300 1008 420 416 445 531 98 -0.028  0.404  0.330 0.450 3.367 3.258
144 300 1000 - 425 421 398 487 81  0.024  0.429 -0.390 -0.254 4.519 4,101
145 300 1000 430 421 445 533 73 0.041  0.407  0.385 0.427 3.535 3.492
146 300 1000 435 429 490 404 84  0.080  0.444  0.142 0.235 3.512 3.170
147 300 1000 440 43 6272 714 B4 0,003 0.334 -0.104 -0.175 4,293  3.441
148 300 1000 445 434} 432 538 85  0.055 0.447 0,439 0.414. 5.404 4.409
149 300 1000 430 448 383 473 47 0.073  0.442  0.233 0.246 3.013 2.919
150 300 10080 435 452 430 734 104 -0.081  0.376  £.351 0.353 3.317 3.040
131 300 1001 446 458 370 513 94 0.131 0,539  0.315 0.449 3,145 3.083
152 300 1000 443 444 508 400 109 -0.033  0.3%6 0 0.546 0.332 4.719  4.400
133 300 1000 470 444 531 437 91 0,035 0.410 -0.040 -0.013 3.473 3.258
134 300 1001 475 473 489 407 93  0.052 0.444  0.082 0,324 2.935 3.144
155 300 1000 480 424 423 527 B4  0.046 0.446  0.026 0.032 2.773 2.913
136 300 1001 483 483 493 412 111 0.014 0.438  0.185 0.275 2.912 3.097
157 -300 999 490 490 432 551 47 0.0B%  0.430 -0.31) -0.127 3.237 3.2%4..
158 300 1001 495 489 433 515 97 -0.038 0,400  0.550 0,585 4.344 4.196
159 300 1000 500 494 505 437 99 0.075  0M440 0.236 0.281 3.982 3.417
160 300 999 300 497 ° 343 403 45 -0.083  0.322 -0.024 -0.004 3.291 3.53i
141 300 1000 300 491 432 518 104 -0.046  0.411  0.525 0.498 3.49¢C 3,332
142 300 1001 500 493 548 485 94 0.055  0.420 - -0.041 0.038. 3.372 . 3.413
C 163 300 1000 300 305 498 385 88 -0.002 0.386 -0.219 -0.857 3.321 2.902
164 300 799 500 501 414 719 80 0,057 0,387 -0.001 0.138 2.906 3.000
165 300 1000 500 494 423 480 73 -0.045  0.348  0.230 0.334 3.462 3.609
186 300 1000 500 500 454 572 79 0.i03  0.444  0.013 £.096 3.271 3.183
162 360 1001 300 497 541 489 133 0.027  0.464  0.714 0.751 5.843 5.438
168 300 999 500 303 439 511 72 -0.002 0.374  0.074 0.1%0 2,882 3.345
169 300 1004 300 499 431 507 98 -0.053  0.3%0  0.331 0.597 4,018 4,929
170 300 1000 300 498 335 437 95 0.020 0,403  G.004 0.222 3.081 3.137
171 360 999 300 495 444 512 80 0,082 0.316  0.054 0.108 2,793 2,788
172 300 1000 500 500 337 473 94 0.111  0.544 wD.107 0,250 3.170 3,840
173 300 1000 500 493 345 442 98 -0.005  0.437  0.079 0.148 2,924 3.099
174 300 1000 495 483 713 834 95 0.0%4  0.419  0.417 0,503 3.219 3.293
175 300 1000 495 489 451 533 98 -0.034 0,394  0.268 0.281 3.700 3.373
176 300 1000 495 493 588 745103  0.110  0.470  0.547 0.437 4,158 4,258
W77 300 1000 495 500 373 437 95 -0.081  0.392 -0.040 0.018 2,918 " 3.074
178 300 1000 495 496 440 S8 94 0.129 0,515  0.049 0.435 3.123 3.748
179 300 1000 490 490 427 494 98 -0.076  0.375 0,043 0.349 3.231 3.542
160 300 1000 4%0 492 319 424 101 0.014  0.501 -0.171 0.274 2.859 3.234
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15 VIstaL
NUIMBER NEAN  SYNCH MEAN VARIANCE OF CORRELATION OF ROOT B! OF  KURTOSIS (B2)
SESS  TRIALS FP INT  RL°  RL RL$FP FP  RL,FP RL4FP,FP RL RL#FP HL RL+FP
181 300 999 490 480 242 354 80 0.042  0.511  -0.05% 9,345 2.707 3.343
182 300 100 490 491 474 333 104 -0.048  0.377 -0.105 -0.172 3.231  3.043
183 300 1000 490 482 344 400 31 -0.132  0.333 -0.0IB 0.040 2.798 2.797 -
184 300 999 485 481 288 357 79 -0.034 0.440  0.448 0,553 3.355 3.351
185 300 485 487 399
186 300 485 472 528 -
187 300 1001 485 485 430 542 98 0.034  0.435  0.409 0.474 4,288 4.303
188 360 1000 485 47264 SB4 701 95 0,048  0.410  0.909 0.743 7.702 5.92%
189 300 999 480 485 445 378 B0  0.086  0.448 . -0.021 0.108 3.081 3,203
190 300 1000 485 484 419 489 91 -0.034 0.382 -0.114 0.121 3140 3.091
‘191 300 999 4B 485 277 353 67 0.035  0.446 -0.028 0.357 3.212 3.440
192 300 1001 485 491 - 309 409 100 -0.001  0.494  0.058 0.328 3.077 2.842
193 308 1000 485 488 328 403 87 -0.035 0.433 0.048 0,088 2.827 2.874
194 304 1000 485 484 257 354 95 0.007 4.524 0,223 0,354 2.843 1.II3
195 300 999 483 488 441 332 79 -0.020 0.387 -0.1Bé -0.00% 3.306 2.097
196 295 (5) 999 485 484 441 S14 46  0.02%4  0.382 -1.184 -0.987 9.945 B.474
197 300 1000 485 481 297 370 89 -0.050° 0.445 0.197 0,321 3.2 3.44]
198 300 . 1000 485 480 303 440 97 0.117  0.546  0.144 0.349 2.8l 2,945
199 300 100 439 4B0 353 474 8%  0.088  0.310  0.003 0.294 2.392 2.%4B
200 300 1000 485 487 324 445 85 0,109  0.330  0.037 0.282 2.9%7 3.043
201 300 1000 485 482 335 435 80  0.062  0.482 -0.390 -6.025 3452 3.7
202 300 485 482 279
203 300 1000 480 474 224 343 102 0.055  0.590 -0.210 0.240 3.015 3.771
204 300 480 481 294
205 300 1000 480 483 334 41t 82 -0.018  D.430 0,223 0.130 3471 2.888
206 300 1000 480 482 275 333 67 -0.028 0.473 0,106 0.219 2.451 ~2.870
207 300 1000 480 482 381 45y 95 -0.013  0.447 -0.200 -0.038 3.297 3.038
208 300 999 480 475 248 321 91 -0.12¢  0.421  0.231 0.452 3.773 4.881
209 300 1000 480 476 254 348 88  0.021  0.520 -0.178 -0.038 3.437 3.2%7
210 300 . 999 480 475 2735 352 43 0.054 0.471 0,136 0.291 3.43% 3.088
211 300 999 480 477 292 329 91 -0.012  0.480 0,079 0,288 3.307 3.833
212 380 1000 480 481 273 3B& 86  0.083 0.34) 0.133 0.308 3.14% 3.147
213 300 1000 475 446 206 303 82 0.059 0.570  0.125 0.382 3.203 3.3I8
214 300 999 473 447 181 299 93  0.089 0.432 -0.047 .021 2.432 5.4é1
213 300 1000 475 475 285 349-88 -0.013  0.490 -0.273 -0.0463 3.280  3.480
216 300 1000 475 471 233 340 93 0.04%  0.562  0.342 0.407 3,263 3.784
217 300 999 475 473 342 439 93 0.006  0.470 . 0,208 0,424 3.088 5.550
218 300 1000 475 444 234 313 81 -6.004  0.504  0.082 0.214 2.442 2.909
219 300 1000 475 470 203 312 114 -0.018  0.391  0.028 0.348 2.989 3.992
220 300 1000 475 472 244 294 89 -0.131  0.431 0,218 0,322 3.Z23 3.420
221 300 1000 475 480 271 343 82 0.032 0.504 -0.328 0.024 2.824 3.320
222 300 jgo0 475 481 250 318 BI  -0.045  0.465 -0.044 0.025 -3.298 2.979
223 300 1000 470 472 192 245 67 -B.132  0.480 -0.§99 -0.100 2.837 3.i23
224 300 1000 470 476 349 . 511 87  0.130  0.341 -0.146 0.130 3.068 3.314
225 300 999 470 478 293 383 43 0.032 0.443 -0.021 0.127 3.033 3.478
224 300 1000 470 447 194 280 105 0.003  0.415  0.133 0.43! 3.241 4.487
227 300 1000 470 444 138 239 86 -0.020 0.384 0,110 0.345 3314 4.079
228 300 1000 470 445 149 228 81 -0.017  0.383  0.209 0.48% 3.457 3.3B3
229 300 1000 470 445 154 291 105 0.114  0.4B8  0.344 0.926 3.139 4,722
230 300 1000 470 473 244 370 102 0.001  0.534  0.044 0.352 2,740 3.203
231 300 1000 470 445 252 309 83 -0.096  0.437 -0.021 0.230 3.045 3,514
232300 999 470 478 249 338 B4 0.019 0.313 -0.537 -0.084 . 3.718 4.437
233300 1000 465 470 199 303 $3  0.040  0.386  0.033 0.467 3J.413 3.100
234 300 1000 445 474 275 379 94 0.031  0.523 -0.411 -0.179  3.583  3.483
233 300 1000 445 440 224 232 87 0.045 0.347  0.274 D.401 2,731 3.18]
234 300 999 445 449 210 288 83 -0.020 0.521  0.135 0.439 2774 3.33)
237 300 999 443 445 - 301 409 93 0.046  0.514 0,264 0.552 2.907 3.300
238 300 1001 443 449 . 204 305161 0.000 0.576 -0.272 0.205 2.947 3.479¢
239 300 1000 445 449 140 281 §2  0.035  0.422 -0.02% 0.323 2.944 4.104
240 300 1000 445 464 237 3B1 102  0.04%  0.574 -0.087 0.37F 3.045 3.B42
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' 15 VISuAL

NUMBER MEAN  SYNCH NEW VARIANCE COF CORRELATIEN OF ROCT B! CF  KURTDSIS ¢B2)

SESS  TRIALS FP Nl R RL RL+FP FP RL,FP RL4FPFP RL RL#FP RL RL+FP
241 300 1000 445 447 5344 454 92 0,052  0.496 -0.027 0.187 3.043 3.134
242 300 1000 443 216 283 835 -0.086  0.489 -0.241 0.095 3.345 3.329
243 300 1000 440 444 225 299 93 -0.044  0.502 -0.277 0.083 3.047 3.110
244 200 1036 440 446 217 270 B2 -0.10B  0.454 -0.325 0,049 3.448 3.831
243 300 J000 440 444 333 436 96 0.022  0.487 -0:330 -0.023 3.158 2.879
244 300 1801 460 467 226 327 119 -0.049 0,541 -0.024 0.417 2.804 4.089
247 300 1000 460 457 221 326 93 0.043 0.5 -0.097 0.148 3,274 3,294
248 300 1000 453 434 277 35y 110 -0.079  0.4B5  0.143 0.438 3.205 1.914
49 300\ 1000 455 468 253 343 94  0.045  0.551 -0.135 0.235 3.249 3.435
250 200 1000 433 450 232 344 110 0.007 0,572 -0.211 0.285 2,814 3.58!
231 300 1001 435 451 212 328 10f  0.047  0.3%4  0.052 9.407 3.117 3,385
252 300 100 435 440 230 413 132 0,145 0,474 0,157 0.381 3.349 1.295
233 300 1000 430 448 249 341 81  2.03%  0.51% -0.145 0.318 2.971 3.3
21430 [001 450 443 210 308 {12 -0.043, 0.567 0.279 0.438 4.3 4.02%
255 300, 1000 450 445 223 350 104 0.076  0.407 -0.05B ©.439 3812 4.922
236 300 1000 430 445 195 283 80  0.034 0.559 0.178 0.548 2,788 3,447
237 300 1001 430 448 140 304 135  0.832  0.490 -0.405 0.398 3.480 3.454
238 200 1000 445 438 254 343 99 0.023  0.543  1.512 1,242 12,983 7.8%2
239 300 1000 445 443 200 298 B4  0.044  0.574  0.084 0.526 2.547 3.891
260 200 1001 445 432 Q92 287 120 0.0 0.579  0.326 §.545 4.241 4.270
261 300 1900 445 439 223 299 80 -0.087  0.502  0.220 0.423 3.391 2474
262 300 1000 445 445 205 280 7% -0.015  0.518  0.043 0.522 3.440 1.442
263 300 1000 440 431 334 414 88 -6.081 8,387 -0.14] 0.129 3.493 3.870
264 300 1000 440 436 252 349 108 0.028  0.544  0.223 0.4%3 2.899 4.788
285 300 1000 440 431 204 294 87 0,013 0.355  0.012 0.442 2.849 3,107
256 300 1000 440 430 201 307 102 0.014  0.588 -0.03% 0.325 2.78% 3.159
267 300 1000 440 436 173 242 89 -0.081  0.382 -0.038 0.452 2.899 1.529
248 300 999 435 433 192 277 84  0.004 0.333 -0.126 0.368  2.955 3,837
249 300 1000 435 435 215 298 94 -0.038  0.528 -0.041 0,146 2.592 3.007
270 300 1000 433 433 178 263102 -0.043 0.571  0.102 0.362 <2.911 3.372
271 300 1000 435 433 185 235 89 -0.071 0.530  0.00! 0.473 2.930 3.307
272 300 1000 435 437 158 244 85 40.094  9.439  0.117 0.553 2.491 3.459
273 300 1000 430 427 149 262 99 0.038  0.438 -0.311 0.982 3.042 7.224
274 300 1000 430 431 154 244 93 -0.014 0.406 -0.174 0.203 2.827 3.143
225 300 1000 430 428 178 292 92 0.088  0.429  0.215 «§:321  3.094 3.455
276 300 1001 430 431 181 320 119 0.070  0.442 -0.904 0.33 2.723 3.0
277 300 1001 430 430 226 381120 0,103  0.442 0.328 1.i71 -3.354 7,198
278 300 1000 425 434 191 292 108 -0.023  0.589 -0.083 0,229 2.8724 B, 244
279 300 1000 423 424 288 371 71 0.04F  0.474 -0.274 0.021 3.389 3.379
280 300 1000 425 423 208 253 44 -0.085 0,424 -0.091 0.043 3.044 2.842
281 300 1001 425 429 144 284 111 -0.042  0.414 -0.115 0.180 2.522 2.923
282 300 1000 425 425 162 237 95 -0.079 0.348 -0.176 0.438 2.914 3.473
283 300 {000 420 417 126 195104 -0.134  0.407 -0.007 0,392 2.892 3.30D
284 200 1000 420 413 147 211 44 0,002 6,551 -0.213 0.219 3.887 3.233
285 300 1000 420 420 147 301 113 0.074  0.449  0.090 0.45% 3,247 3.321
286 300 1000 420 420 1Bl 243 96 -6.052 0,540 -0.198 0.238 3,025 31.34
287 300 1008 420 417 173 271 104 -0.022  0.401 -0.053 0.478 2.48% 4.087
288 300 1000 413 415 172 284 97 0.046  0.434  0.181 0.534 3,305 4.495
289 300 1000 415 410 131 218 84 -0.097  0.537  0.20% 0.743 2.48% 3.82%
29 299 (1) 1ot 415 410 194 297 111 -D.033  0.584  0.354 0.482 3.125 3.729
291 300 1000 415 410 148 221 73 -0.080 0,506  0.251 0,197 . 3.237 2.5%4
292300 1000 413 413 215 283 79 -0.042 0.493 0.187 0,172 2.954 2,850
273 300 1000 410 401 140 238 185 -0.030  0.442 -0.425 0.2§2 3.740 4.320
294 300 1000 410 408 170 234 80 -0.057 0.532 0.244 0.2 4.040  3.343
295 300 999 4i0 407 155 244 81  0.038  0.405  0.148 0.4384 3.399 4,425
296 300 1000 410 411 137 217 81 -0.,004  0.é06 -0.04% 0.120 3.928 3.292
297 300 1000 410 407 154 271 BB 0.123  0.443  0.342 D.792 2.900 4.62!
298 300 1000 405 407 137 227 49 0.104  0.434 -0.00% 0,431 3.082 4.407
299 300 1000 405 405 140 230 84  0.017 0,426 -0.043 0.332 2.734 4.489
a0 300 1001 405 405 145 283 111 0.032  0.449 D.471  3.048  4.019




) -
r IS VIstaL
NUMBER MEAN  SYNCH MEAN VARIANCE COF CORRELATICN OF ROOT Bl OF  KURTOSIS (B2)
SESS  TRIALS PP INT R RL RL+FP FP  RL,FP RL4FP,FP RL  RL4FP  RL RL¢FP
301 30 1000 405 413 174 241 44 0.009  0.525 -0.210 0.042 2.84¢ 2.312
302 300 1001 405  40% 156 279 113 0.038  0.445 -0.038 0.150 2.973  2.E00
393 300 1001 400 399 145 251 113 -0.029  0.44% -0.269 0.393 2.937 3.486
304 300 1000 400 400 . §30 220 95 -0.022  0.442 -0.011 0.543 2.443 3.83)
305 300 1001 400 402 143 271 103  0.020 0.432° 0.209 0.448 3.129 3.217
306 300 1000 400 397 44 232 97 0040 0,415 0.078 0.732 2.976 5,248
307 300 1000 400 397 147 233 73 -0.033  0.533 .04 0.240 GEEQ%g 3.004
308 300 1000 395 393 143 234 76 -0.024 0,550 - 0.221 0.532 3.0 3,451
309 00 1000 395 397 14% 270 71 0.135  0.621  D.24% 0.752 2.%57 4.389
. 0 300 1000 395 395 134 215 84 -0.035 0.403 0.037 1,305 3.44%7 B.2N1
311300 1000 395 399 133 247 112 0.011  0.680 -0.028 0.728 3.320 4.480
312 300 1001 395 397 144 247 119 0,014 0.479 0.0 0.998 3.291 4.822
313 300 1000 3%0 38y 132 204 80 -0.040  0.595 -0.083 0.433 2.990 3.214
314300 1000 390 387 i57 245 80  0.036 0.400 -0.158 0.211 .21l 3\526
33 300 1000 390 389 143 275 90 0.0B4 0,436 0,095 0.449 2.715 3.248
315 300 1000 3%0 388 126 194 81 -0.062 0.3%6 -0.202 0.273 2.737 2,937
317 30 1001 390 387 188 322 135 -0.004  0.445 -0.057 0.307 3.093 3.442
318 300 1006 383 387 102 188 81  0.032 0.478 0.074 0.770 2.843 4,323
318 300 1000 385 386 148 244 108 -0.044 0,404 . 0.236 0,499 4.338 4,204
320 300 1000 385 383 197 220 71 -0.038  0.33¢ -0.128 0.137 3211 3.294
321 300 1000 385 384 - {38 223 ¢4  0.005 0,540  0.047 0.408 2.837 3.485
322 300 1000 385 387 124 224 B89 0.051  0.44% -0.022 0.335 3.048 4,088
323 300 999 380 283 114 195 81  0.000 0.445 -0.074 0.384 2.871 3.494
24 3060 4001 380 374 104 203135 -D.153  0.706  0.048 0.475 3.098 3.344
325 300 1000 380 382 122 206 81  0.021  O0.44!  0.343 0.483 3.307 3.015
326 300 1000 380 385 107 226 108 0.054 0,728 -0.243 0.626 3.224 4.038
327 M 1000 380 -.383 187, 254 71 -0.014  0.516 -0.047 0,209 2.784 3.1i8
328 300 10060 375 385 174 274 95 0.008  0.597 -0.092 O0.199 3.690 3.384
329 100 1000 375 380 375 400 104 -0.081  0.438 -0.507 -0.298 3.943 3.96
330 30 1060 375 380 115 202 94 -0.041  0.656 -0.131 0,372 3.498 3.974m
331 300 1001 375 38 7 119 231 103 0.036 » 0.695 0,002 0.499 3.409 2.886
332 300 1000 375 374 116 189 B4 -0.054  0.624 -0.078 0.318 3,154 4,400
333\‘\330 100 375 34 120 228 95 0.038  0.489  0.015 0.747 2.848 4.411
334 ] 1000 370 385 190 284 107 -0.116  0.338 -0.429 0.214 4.433 3.477
35 300 1000 320 371 129 204 81 -0.022  0.810  0.093 0.523 3.173 3.9%7
336 0 1000 3720 369 133 232 95 0.015- 0,652 -0.101 0.495 2:79% 4.124
337 /300 999 370 39 - 174 274 80 0.072 0.800 0.248 0,505 3.883 3.920
— 300 1000 370 39 181 240 .7¢ 0,011  0.551  0.084 0.351 2.515 3.09%
(:::; 339 300 1000 345 36 157 238 183 -0.087  0.587 -0.11% 0,349 3.243 5.022
340 300 1000 345 340 189 244 79 -0.100 0.483 -0.213 0.045 2.781 2.897 .
341 300 1000 345 364 143 274 105 0.107  0.497 -0.129 0.738 2.743 4,387
342 300 999 345 344 159 207 74 -0.120  0.494 -0.108 0.138 3.4 3.7
343 300 1000 345 344 200 247 105 -0.201  0.472  0.090 0.414 3.429 3.742
344 300 1000 260 34 112 172 71 -0.043  0.393  0.002 0.429 2.716 3.28%
345 300 1000 340 338 130 215100 -0.140  8+844  0.203 0.521 3.178 3.878
346 300 999  3&0 341 131 208.78 -0.004  0.408 -0.183 0.495 2.984 4.443
347 300 1000 340 358 144 227 -0,062 0,407 ~-0.003 G.448 3.803 3.734
348 300 1000 340 359 121 211 100 -0.044  0.455  0.187 0.881 3.039 5.442
- 33% 300 100 3% 37 12 1% -0.10% 0,386 -0.303 0.240 3.21§ 2.8
330 300 1000 355 355 188 228 8% -0.192 0.451 0.144 0.017 2.988 2.75¢
4 31300 1000 355 343 183 250 71 -0,018 0.520 -0.010 0.309 3.34¢ 3.418
i 332 300 1000 355 344 177 254 100 -0.084 0.354  0.079 0.404 2.812 3.4%2
383 308 1000 355 -341 183 273 100 -0.037 0.575 -0.176 0.316 2.921 3.914
3[4 300 999 - 355 331 248 333 74 0,039 0.507 0.322 0.530 3.235 3.471
335 300 1000 355 334 235 329 90 0.0184 0.336 0.001 0.51} 2.557  3.430
356 200 100t I35 352 135 220 116 -0.126  0.428  0.139 0.442 3.341 3,192
357 300 999 335 340 132 247 86 0,132 * 0.488  0.007 0.550 3.244 3,539
338 300 1000 355 355 144 246 B3  0.081 0.622 -0.338 0.383 3.480 4.593
359 300 [e00 353 357 148 222 . -0.071 0,579 0.080 0.303 3.335 3.429
80 300 1060 355 343 {71 284 104  0.034  0.437 -0.132 0.424 2.995  3.429




- 15 VISUAL
NIMBER MEAN  SYNCH NEAN VARIANCE OF CORRELATION OF ROGT B! GF  KURTGSIS {(B2)
SESS TRIALS  FP INT  RL RL RL4FP FP  RL,FP RLYFP,FP RL  RL+FP RL RL4FP
361 300 1000 )333 334 196 232 48 -0.137 0,413 -0.B53 0.002 3.043 2.8D1
342 300 1000 Lgﬁﬂ 353 183 291 103  0.011  -0.405 -0.310 0.810 3,346 7.203
343 300 1001 333 187 283 106 © -0.035  0.383 -0.420 0.047 3.773 4.283
44 300 1oy 330 3% 139 278135 -0.053  0.436 -0.082 0.707 3.348 5.482
345 300 1000 330 330 149 247 97 -0.073  0.566 -0.050 0.570 3.310 4.138
346 300 1000 345 352 278 - 328 §0 -0.128  0.407 -0.015 0.182 3.019 2.941
367 300 1000 345 341 233 2% 94 -0.108  0.470. 0.317 0.357 4727 3.914
348 " 300 999 43 345 212 257 88 -0.158  <0.441 -0.224 0.131 3.471  3.356
369 300 1001 345 338 141 223 118 -0.140  0.617 -0.099 0.388 " 3.309 4.124
370 300 1000 345 342 105 188 87 -0.025  0.444  0.084 0.441 3.082 3.948
371 300 99 40 338 145 194 72 -0.102  0.520 -0.048 0.484 4.338 3.228
372 300 1001 340 342 130 213108 -0.107  0.429  0.13¢ 0.347 2.852 2.943
373 300 999 340 336 150 283 108  0.099  0.490  0.408 1.74] 3.27) 10.4B4
374 300 999 340 338 108 203 82 0.070 0.487 -0.175 0.572 3.252 4.147
375 300 1800 340 341 132 193 75 -0.071  0.546 -0.277 0.498 4.B30 4.447
374 300 1000 335 334 199 245 88 -0.082 0.3505  0.174 0.418 3.577 4.877
377 300 $99 335 346 131 211 72 0.048  0.418  0.ié8 0,585 4.351 4.185
378 300 1000 335 337 127 201 88 -0.047  0.409 -0.009 0.197 3.183 3.239
379 300 1008 333 342 138 227 82  0.036 . 0.429 -0.05% 0.84% 3,384 5,243
380 300 1600 335 341 152 293183 0.147  0.701  0.061 0.880 2.520 5.304
381 300 1000 330 337 144 239 97 -0.088  0.543 -0.032 0.381 2.918 3.318
382 300 1000 330 323 143 195 94 -0.180 MS4L -0.141 0,270 3.94t  4.019
383 100 o0 320 328 141 225 91 -0.182 0,543 0,300 0.389 3.531 3.340
g4 300 999 330 332 201 241 75 -0.040  0.483  0.043 0.228 3.140 3.470
385 300 1000 330 335 203 288 94 -0.048 0,529  0.013 0.333 3.537 3.544
386 300 1000 325 329 140 189 -0.234  0.447  0.043 0.002 3.414 3.075
387 300 1000 325 321 237 289 104 -0.§47  0.430  0.140 0.446 3.014 - 3.479
288 300 100t 325 324 152 290 122 0.041  0.4%2 -0,009 0.548 3.270 3.834
~_38% _ 300 1001 325 329 188 298 105  0.017  0.807  0.§57 1.052 3.148 4.24!
3902800 1000 325 286 148 257 94  0.058  0.451  0.048 1,174 4.809 8.440
391 300 1000 320 3 148 21F 89 -0.112  0.556 -0.05% O0.z6f 3.031 3.032
392 300 1000 320 f 318 198 232 95 -0.148  0.483  0.118 0.422 4,292 4.948
393 ° 300 1900 3%3/) 34 89 12t B0  0.015  0.493  0.182 0.524 2.993  3.624
394 300 1000 -3 316 §5 140 85 -0,224  0.5%4  0.209 1.073 3.502 7.347
395 300 1000 320 34y 17 274136 0,006 ¢ 0.7%7 -0.271 2,112 3.008 13.217
394 300 1000, 315 313 133 305153  0.041  0.752 0.072 2,341 3.707 17.542
397 300 1000 315 320 157 237 87 -0.031  9.382 -0.179 0.230 3.442 3,135
398 300 1000 315 312 123 207 82  0.00% 0.437  0.189 0,571 2.885 4.088
399 300 1000 33 314 191 249 103 -0.143  0.501 -0.125 0,708 3.178 5.572
400 300 1000 313 315 170 ' 249 80 -0.028 0,544 -0.343 0.162 4.229 3.582
401 300 000 310 318 192 245 87 -0.05] 0,528 -0.287 0.3%7 4.812 5.0%9
462 300 1001 310 316 183 324 101 0.138  0.443  0.028 0.770° 3.20f 4.944
403 300 1800 310 304 140 220 76 ©.020 0,403  (.347 0.803 4.458 5,304
404 300 999 30 307 134 226 74 -0.007 0,548 -0.591 -0.004 4.839 82
403 300 1000 310 300 117 232 80 0.17%  0.714  §.29% 0.834 3.422 3912
404 300 1000 305 300 148 221 87 -0.044 0.576  0.033 0,548 2.919 3.942
407 300 1000 303 306 148 321 1S4 0.058  0.736  0.204 1.515 2,795 B8.434
408 300 1000 305 302 139 240 108  0.055 0.484  0.231 0,731 ' 2.718 3.722
409 300 1000 305 302 139 271 94 0,155 0.706  0.131 0.438 3.188 3.545
410 300 1000 305 273 129 226 83 0.071  0.659 -0.208 0.798 3.017 4.145
411 300 1000 300 302 174 234 80 -0.083 0,512 -0.044 0.481 3,101 . 3.43¢
412 300 1000° 300 297 116 186 B4 -0.068 07417  0.405 0,439 4.939 3.848
413 300 1000 300 296 113 182 78 -0.047  0.418 -0.285 0,672 3.171  4.201-
414 300 1000 300 289 186 284 120 -0.047  0.5%5 -0.087 0.413 3.478 5.551
415 300 1000 300 294 104 179 B2 -0.048  0.441 -0.024 0.47! 3.007 " 3.703
418 300 1000 295 294 114 191 78 -0.007 0,834  0.207 0.755 3.415 4,453
417 300 1000 298¢ 290 99 178 85 -0.032  0.446 -0.128,.0,396 2,977 3.582
418 300 1000 285 283 56 193101 -0.036  0.702 -0.250 ©0.914 3.274 5.519
419 300 1000 280 284 141 231 90 0.003 - 0,826 -0.i78 0.3286 3.410 3.384
420 300 1000 275 277 158 275005 0.047  0.652 -0.009 0.72% 3.521 4,037

r, LY



- IS VIStaL
NIMBER MEAN  SYNCH MEN VARIANCE OF - (ORRELATION JF ROOT .BY 8F  KURTOSIS (B2)
SESS TRIALS FP INT R RL RL+FP FP  RL,FP RL+FP,FP RL  RL+FP RL RL+FP
421 300 99¢ 273 275 133 238 B¢ 0.021  0.597 -0.Z04 (.34 3.429  3.474
422 300 1061 27 275 147 237 104 -D.044  0.419 0,175 0.225 3.B49 3.4%2
423 00 - 99 275 70 135 230 94 0.003  0.442 -0.135 0.635 2.912 4.9%
424, 300 99% 273 272 10 1A 91 -0.109  0.448 -0&02 0.897 1.827 4.044
-_:%5’\‘300 1000 2795 223 124 203 79 0.003  0.626 -0.223 0.514 3174 4,189
4. 300 1008 280 278 133 232119 -0.077 D.438 -0.173 0.744 3.743  3.983.
427 300 1000 285 283 105 199 87 0.033  0.485 -0.02% 0.&71 2,728 1.746
428 300 1000 290 288 122 19§ 73 -0.008  0.414  0.042 0.817 3.193  4.2%¢
429 300 1000 295 286 118 209 B4 . 0.034 D.462  0.04f 0.373 3.286 3.278
430 300 1000 300 288 109 17¢ 76 -0.084 0.401  D0.192 0.42t 3.304 3.285
431 300 1000 300 293 94 181 B4 0,017  0.493 -0.085 0,812 3580 4.207
432 300 1600 300 301 107 205 117 -0.088  0.493  0.115 1.292 Z.887 7,939
433 300 1000 300 294 99 170 87 -0.041  0.487 . -0.037 0.839 2.974 4,793
434 300 1000 308 295 B§ 157 €0 -0.035  0.473 0.1 0.774 3.281 4.847
435 30D 1000 330 297 . 99 174 76 -0.003 0.458 -0.332 0.393 3.H19 4.282
436 300 1000 305 310 144 251 94 - 0.035. 0.446 -0.242 0.527 3.194 3.85%4
437 300 1004 303 308 147 252 91 0.063  D.44B  0.157 0.408 2,997 3.B44
48 300 1001 305 299 117 246128 0,082 0.74%  £.102 0.842 3.277 4.144
439 300 joe0 305 305 108 205 93 0.038 0,714  0.030 0.49t Z.B14 3.8
440 380 1000 305 309 89 143 97 -0.123 0.47 90,120 0.710 3,027 4.462
441 300  f000 305 310 $3 1B% 95 0.005 0.713 -0.010 0.387 3.288 3.79%
442 300 1006 30 310 141 239 B4 0.06% 0.444 0.347 0.434 3.498 3.707
443 300 1000 318 307 103 205 91~ 0.057  0.707  0.23% 0.B97 3.43 4.798
444 300 1000 310 302 107 204 B 0.042  0.690  0.44B 1.031 4,435 4.922
445 300 f001 310 307 112 283138 0.048 0,758 -0.014 2.597 1.326 23.334
444 300 1000 310 304 103 182 97 -0.090 0.462  0.017 1,275 2.724 8.407
447 300 1000 310 305 138 235 8% 0,037 0.644  0.028 0.448 3.087 3.54
448 300 1000 315 314 3% 300 8 0.2 0.702  0.253 0.88] 3095 4.344
49 300 1000 315 305 174 281 87 0.070 0.413  0.283 0.487 3.538 3.i42
430. 300 99% 35y, 307 119 193 72 0.012 0,422 -0.021 0.527 3.386 4.059
451 300 jees 315,/ 308 137 248 6.017  0.407  0.082 0.33% 4.452 4.4%7
452 300 g1 3157 N6 108 217104  0.028  0.7217  0.315 0.940 3.475 4.931
433 300 1000 . 33 34 8% 148 87 -0.047 0.6B&  0.017 0.861 3.187 5.445
454 300 999 320 3 92 147 73 -5.107  0.619  0.012 0.3} - 3.179 2.9%
435 300 1001 320 31y 123 247106 0.081  0.7212 -0.094 0.403 3.440 3.88l
436 300 999 320 323 8y g1 -0.011 0.713  -0.343 ¢.704 3,537 5.3%
457 300 999 320 323 103 199 91 0.025  0.693  0.059 0.7784 2.7 4.440
438 300 1000 320 316 133 233 90 0.021 - 0.63%  0.002 0.454 2.988 4.502
459 300 1000 320 354 128 244139 -0.079  0.495 0,708 1.94% 5.840 14.570
440 300 1001 325 a1y 103 19t 72 0.09C  0.481 0,257 0.339 3.812 3.440
441 300 ieg0 325 322 I151 247 76 0.093  0.428 0,133 0.563 4.029 3.923
442 300 1000 325 314 138 214 49 0.045  0.402  0.333 0.478 3.070 4.078
463 300 1000 325 327 173 231 80 -0.020 0.34% 0,003 0.110 3.747 3.477
444 300 f0e¢ 325 321 209 313 %1 0.057 0.583 0.{43 6.317 2.970 3.004
445 300 1000 3235 323 80 184 103  0.005 04735  0.088 1,003 2.709 4.825
466 - 300 999 325 320 101 161 81 -G.003 0.486 -0.257 0.713 3.790 4.93%
467 300 §99 - 323 317 103 157 74 -0.12% 0,594  -0.171° 0.428 3.272 3.820
448 300 1001 323 320 124 195 73 -0.00%  0.404 -0.B95 -0.202 7,732 5.699
449 300 1080 325 322 178 247 80 -0.044 0,331 -0.168 0.182 3,294 3.3
470 300 1000 230 317 144 209 80 -0.072 0.340 -0.248 0.068 3.392 2.788
471 300 1000 330 322 §27 204 76 0,014 0,620 0,185 0,478 3,558  3.798
472 300 1000 330 326 126 207 78 0081 0.448  0.033 0.974 3,343 5.749
473 300 1000 330 - 323 9% 198 83 0.088  0.709  0.003 0.7784 3.193 5.040
474 300 006 330 324 115 205 91 -0.004  0.461  0.283 0.552 3.447 3.543
473 300 1000 340 338 128 220 94 -0.011  0.447 -0.118 0.474  3.357 4,838
476 300 1000 340 342 149 221 73 -0.005  0.571 -0.059 0,276 3.331  3.é77
477 300 joec 340 336 138 184 47 -0.112 0,507 -0.393 -0.037 3311  3.34
478 200 1000 340 337 147 310104 B.139  0.482  0.043 0.846 3049 5.304
479 200 1000 340 334 124 240 %1 0.120  0.701  -0.071 0.431 2.890 2.924
480 200 fo00 33 344 140 259 95 0.106  0.483  0.271 0.83% 3.722 4.282




- IS VISlAL
S -~ <
; NIMBER MEAN  SYNCH MESN QRIPNEE OF CORRELATION OF ROOT BI OF  KURTOSIS 482
SESS  TRIALS FP INT R’ RL RL4FP FR  RL,FP RL#FP,fP RL  RE+FP  RL RL#FP
481 300 1060 350 47 147 217 78 0,039 0.570 0.234 0.481 3.024 3.451
482 300 i000 350 354 143 230 91 0.072  0.457  0.228 0.428 2.404 4.053
483 300 99% 350 345 105 194 .81 0.038  0.483  0.i51 .1.068 3.298 5.050
484 300 999 350 358 120 194 71 0.020  0.820 -D.188 0.185 2.915 3.825
485 300 999 340 362 134 184 48 -0.075  0.533  0.121 0.340 2.955 32,388
484 300 999 350 340 129 225 76 0.098  0.454  0.094 0.349 2,744 2.9%4
487 300 1000 340 334 134 204 78 -0.028 0,588 -0.107 0.270 3.240 3.447
488 300 1000 240 339 127 211 %4 -0.040 0,435 0,173 0.558 2.899 3.735
489 300 1000 346 382 134 218 88 -0.018 0,822  0.284 0.363 3.497 3.130
490 30 1000 320 342 139 237. 95 0.0§2  0.442 -5.055 0.593 3.721  4.0%5
491 300 1000 3720 372 181 287 80 0,109 0.414 0.22% 0.477 3,505 .3.347
492 300 1001 370 372 202 314103 0.032  0.399 0.218 0.415 2.831 3,218
493 300 999 370 347 181 232 72 -D.004 0,554 -D.009 0.507 23.257 4.037
494 300 999 370 4B 11l 198 44 0.118  0.447  0.120 0.280 3.1%8 3.080
495 380 999 380 349 109 182 78 -D.020 0.632  0.354 0.590 4,180 3.342
494 300 1000 380 374 134 254 118 0.002  0.482  0.241 0.702 3.09 223
497 300 1000 380 373 148 237 92 -0.017  D.é1Y 0.223 0.522  3.404 3,079
498 300 1000 380 373 133 228 98 -0.010 0,447 0,230 0.434 3,226 3.804
499 300 000 380 379 124 22 91 -0.043  0.622 0.040 0.2720 3.197  3.45)
300 300 1004 390 387 104 189 120 -D.156  0.4B0 - 0.142 0.587  3.003 3.492
561 300 1001 M W 143 248 106  0.078  0.487 -0,007 0.452 ~ 2.594 3.512
302 300 1001 390 378 10 - 214122 -0.077  0.700 0,130 0.793 3.354 4,294
303 300 3000 390 3B 185 285 93 p.024 0,592  0.006 0.326 3.044 3.294
o04 299 (1) 1000 3% 390 142 229 101 -0.038  0.819  0.247 0.541 3.526 3.404
505 300 1000 00 3N 191 203 93 -0.007  0.472  0.245 0.477 3.771 4,212
a06 360 1000 400 403 104 174 98 -0.128  0.446 0.154 0.545 3.221 3.785
307 300 1000 400 388 141 194 90. -0.152  0.347  0.086 B,601 3,930 3.726
508 300 99% 400 394 129 210 B4 T=0.01%  0.423  0.31¢ 0.545 3.907 3.740
509 300 1060 400 390 19 213 98 -0.019  0.444  0.325 1.227 3.509 4.752
510 300 1000 400 388 €8 166 88 -0,043  0.493 -0.222 0.491 3.074 4.0
511 300 1001 &0 40§ 124 207 185 -0.103  0.4633  0.18] 0.332 3.033 3.064
1200 §99 400 399 194 273 77 0.008 0,538  0.15% 0.401 3.227 3.411
913 308 1003 400 392 115 231121 -0.023 0,708 0.27¢ 0.480 2,784 3.479
514 300 1000 408 387 113 188 92 -D.0BS  0.43¢  0.00! 0.554 3.081 4.245
515 300 1000 400 393 180 197 93 0.017 07001 -0.D49 0.8%0 3.078  5.044
514 300 1000 400 399 115 179 &4 -0,009 0,599  0.003 0,414 2.877 3.449
517 300 1000 400 391 102 202 77 0.133  0.710  0.013 0.520 3.B35 4.1%3
518 200 100} 400 390 133 224 73~ 0.045 0.421 "-B.115 0.539 2.954 4.29)
31y 300 1000 400 399 140 239 87 0.057  0.444  0.117 0.440 3,072 2.575
320 300 1000 400 387 114 189 4%  0.031 0,625 -0.293 0.225 3.301 3.411
321 300 1300 400 391 102 188 B4 0.009 0.477 0,358 0.788 4.108 2.805
322 300 1000 400 395 109 199 117 -0.102. 0.493  0.104 0.772 3.458 4.570
523 300 1900 400 3% 144 221 87 -0.0%3 0,585  0.28] 0.458 3.341 3.477
924 300 1000 400 391 139 245 79 0.128  0.446  0.235 0.83} 3.1%2 4,381
325 300 1000 400 389 102 194 94 -0.044 0.489 -0.110 o0.442 2.9 3.183
326 300 1000 410 409 122 252 106  0.106  0.722 0,332 1.55% 3.729 9.728
327 300 1060 410 407 128 214 98 -0.043 0,440  0.221 0.432 4.437 4.193
528 300 1001 410  AB0 118 233122 -0,024. 0.704 -0.019 0.89! 2.865 5.575
329 30 - 101 410 403 205 308121 -0.058  G.580 0,020 0.404 3.089 3.340
530 300 000 416 403 122 160 84 -0.084 0.59% 0.180 0,744 2,983 4.1%%
331 300 1006 420 423 148 249 117 -0.062  0.43%  0.211 1.202 3.247 7.303
332 300 1000 420 419 225 324 %4  0.0i4  0.552 0.483 0.721 - 5.185 4.803
33 300 999 420  41B 131 197 7t -0.028 0,577 -0.1746 0.275 2.974  3.85%
534 300 1000 420 416 124 209 83  0.004 0.434 0.394 0.597 4.037 3.845
535 300 1000 420 42§ 151 184 90 -0,073  0.437  0.045 0.470 3.33¢6 4.338
336 300 1000 430 427 74 179 % -0.040  0.488 0,023 0.547 2.743 3.728
535 300 1000 430 424 114 198 26  0.039  0.451 -0.04! 6.515 3.142 3.5%4
338 300 1000 430 425 174 238 435 -0.006 0.518 0,202 0,308 3.027 3.154
53% - 300 1000 430 428 129 212 46 0.094  0.431 0,312 0.595 3.415 3.474
540 300 IUUU—wﬁA430 429 139 214 76 8.003  0.597  0.077 0.190 3.040- 3.314
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NUMBER MEAN  SYNCH MEAN VARIANCE OF CORRELATIMN OF ROOT B OF  XURTOSIS (B2)
TRIALS FP INT AL RL RL+FP FP  RL,FP RL+FP,FP RL  RL#FP RL RL4FP

NP L) ) = €0 0 00~ O~ U b QO =

300 1001 300 303 1704 1807 137 -0.015 0,239 0.340 0.433 4.778  4.813
390 1000 3060 308 908 995 83  0.008  0.296  0.243 0.240 3.295 3.1%4
300 06 300 303 487 734103 0,006 0.273  -0.008 0.174 3.337 3134
300 1000 300 305 531 414 92 -0.022 0,347  0.4i0 0,208 4.730 3.443
308 1000 360 294 456 S84 97 0.003  0.421  0.271 0,303 3.475 < 4.340
300 1000 300 303 391 475 88 0.010 0.421  0.456 0.527 3.444 3.428
300 1006 300 298 359 402-.75 -0.098 0.338  0.214 0.043 2,84 2,593
300 1000 300 301 342 45% -0.027  0.450 0.381 0.573 3.223 1.7
300 1000 300 304 389 478 83 0.2 0,324 0.143 0.233 2912 3.212
300 999 300 302 401 456 78 H0.044 0.3 0.105 O0.i33  3.013  3.44%

300 399 300 304 341 420 &9 £0 831 0,377 - 0.292 0.308 3.193  1.149
300 1000 300 300 375 440 98 -0.034 0.43  0.444 0.323 3.391 3.038
300 1000 300 309 491 538 72 -0.045 0.304 0.407 0.342 3.055 3.048
/999 W0 299 331 429 87 0.033  0.479  0.240 0.528 3.134 3.435
300 71000 300 298 519 445 91 0078 0.446 -0.387 0.374 3,196 3.1%4
00-° 1001 - 300 298 37 442 119 0.G17 0,533 0.113 0.580 2.B13 3.4%9

00 1001 300 200 302 h454 e 0,116 0,587  0.333 0.977 3.383 6.174
300 1000 300 298 584 '444 99 -0.078 0,317  0.410 0.38%9 3.384 3.1
306 1001 300 307 384.--504 112 0.024  G.49t -£.0B4 G.156 3.374 3,179
300 1000 300 300 342 407 110 -0.114  0.414 0,308 0,327 3.243 3.439
300 1000 300 296 403 476112 -0,092 0.400 0,220 0.230 3.189 3.083
300 999 300 31 378 462 91 -0.019  0.423F  0.276 0.437 3.143 3.289
300 999 30 303 379 446 78 -0.034  0.387  0.070 0.174 2,449 2.833
300 999 300 302 282 372 48  0.044  0.482 -0.143 0,005 3.521 .44l
300 1000 300 302 386 419 80 -0.133 -, 0.309 0.145 0.082 3.473 3.0%4
300 10061 300 303 292 372 109 -0.084 0.468  0.444 0.344 3.499 3.342
300 1001 300 307 414 493 103 -0.052. (0.33¢ 0.588 0.482 4.704 3.733
300 1000 300 307 447 727 83 Q0.00f °0.333 0.270 0.285 3.247 3.183
300 1060 306 303 443 523 79 0.004 G.392 0.321 0.288 . 3.128 2.431
300 999 300 304 401 483 75 -0.019  0.412  0.140 0,233 3,290 3.318
300 1001 300 302 359 455 94 0,004 0.45% -0.044 0.074 3.318 3.261
300 1000 300 301 2949 34 94 -0.047 0.452 0.388 0,363 4.184 4,503
41 315 114 -0.180 0.444 0,231 0.424 2.890 3.031
300 1000 300 295 488 546 83 ~0.062  0.332 0.444 0.837 3.308 4.496
ang 1000 300 294 522 339 94 -0.174  0.246  0.057 0.033 2.494 2.84]

300 999 300 301 387 444 81 -0.011  0.407 0,199 -0.389. 3.144 3.438
300 999 300 296 248 389 94 -0.14%  0.352  0.015 0.013 3.19F 3.0H
300 1001 300 300 359 444 100 -0.040 0,440 0.162 0.458 3.057 3.342
300 1000 30 298 310 403 0.015 0.48]1  0.355-0.433 3.495 3.389
300 1000 300 300 38 433 8? -3.038 0,403  0.310 0.404 3.363 3.372
0g 1000 300 30t 285 338 90 -0.114 0.410  0.140 0.413 2,709 3.360
300 1001 300 296 509 546 104 -0.102  0.333  0.170 0.i83 3.400 3.784
300 1201 300 303 347 443 114 -0.101  0.420 U.Zgl 0.211 2.874 2.629
00 999 300 297 S48 43y BB 0008 0,377 Q. ' '
300 1060 300 300 338 452 98 .-0.012 0.4 0
300 1000 300 29 370 432 74 -0.035 0.382 0.

g
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=
—
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=
[~]
L
=
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128 -0.011  4.224 - 3.480
300 - 1600 300 304 372 478 83 0.045  0.474 -0.117 0.094 3.548 3532
300 999 _ 300 300 423 4% 7t 0.005 9.384  0.374 0.317 3.7 2.9%
300 999 . 300 296 441 483 4% -0.074  0.304 -0.041 0.145 3.274  3.329
300 1005 300 303 377 433 100 -0.062 0.415  0.153 0.044 3.473 2.932
300 1000 305 305 373 440 789 -0.033 0.3%1 0,126 0,234 3.070 2.B34
300 1000‘—\?305 B4 372 442 83 -0.039  0.398 U\300J\3.321 3411 2,904
300 1000 °305 307 424 509 83  0.000 0.409 -0.244 -D.11%  3.730 3.9%4
300 1te0 305 310 374 414 87 -0.125  0.338 0,207 0.188 3.04% 3.0
Kilil 1000 305 304 484 - 425 96 0,108 0.484  0.182 0.404 2,774 3.100
300 1001 385 304 437 559 B84 0.040 0.429  0.134 0.014 3.344 3.047
300 999 305 313 434 323- 79 -0.027  0.344  0.247 0,239 3.305 2,849
300 1001 305 304 547 444 101 -D.D48  0.350  0.720 0.442 4.317  3.919
300 1000 305 300 540 427 8y -0.004 0.371  0.372 0,332 3.317 3.340
300 1000 303 311 447 482 87 -0.130 0,300 0.043 0.016 .3.623 3,928
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NUMBER MEAN  SYNCH MEAN VARIANCE OF CORRELATION OF ROOT Bl OF  KURTOSIS (B2)
TRIALS FP INT . _RL RL RL+FP FP  RL,FP RL#FP,FP - RL RL+FP RL RL+FP
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300 1000 310 - - 310 302 544 81 0,098 0.293  0.549
300 1001 "310 351 594 424 120 -0.043  0.383 0,362
00 Jogo 310 307 549 4128y ~0.059  0.328  0.357
300 1800 310 . 313 708 802_‘7i 0.053  0.347  9.793
300 1000 312 310 57B 444 -0.048  0.329 0.232
300 1601 310 315 788 g3 86 -0.08f  0.243  0.B48
300 e 310 308 577 703 113 0.025  0.424  0.277
300 1006 310 310 S!1 418 85 0.951 0.418  9.534
300 141 310 311 388, 479 93 -0.805 0.435 0,220
300 1000 310 319 543 456 83 0.020 0.378  0.1%0
390 999 33 312 - 433 474 88 -0.113  0.322 -0.127
300 101 315,313 387. 440113 -0.142 0,372 ' 0.438
300 999 35 320 48 506 87 -0.122  0.298 0.4
00 - 1081 315 . 323 380 482 98  0.0f1 0,440  9.184
300 1008 315 316 318 592 84 -0.026  0.334  0.144 0.199 3.194 3.057
300 - 1001 313 322 SiY 453 117 0.052  0.470  0.203 0.424 3.246 9.725
308 1000 315 320 447 3Bl 96 0.042  0.445 0,260 0.389 3.129 3,266
300 1000 315 30 445 549 107 © -0.007 0.43¢  0.284 0,380 23.329 3,310
300 1000 345 319 470 750 106 -0.038  0.329 -0.596 -0.177 8.758 4.939
300 999 315 34 472 539 73 -0.017  0.352 0,393 0.3% 3.709  3.439
0 - 999 320 324 4146 497 20 0.031  0.404  0.179 0.189 2.82% 2,788
300 1000 320 324 349, 471 94 16 6.465 0,093 G.1%4 2.855 3.048
360 1001, 320 324 428 474 78 087 0,321 0.530 0.533 4.341  4.219
300 1000 320 318 409 499 99 -0.024  0.424 0450 0.34D 4.176 3.535
300 1000 320 324 340 411 80 -0.885  0.341  0.025 0.077 2.5B4 2.854
300 999 320 322 406 474 B2 -0.041 0,379 0.177 -0.243 2.48]  2.489
300 1000 320 - 300 1074 1276 {19 0.116 . 0.412 1,193 1.587 4.393 8,709
380 999 320 324 312 370 47 -0.029 - 0.398  D.017 -0.030 2.796 2.78S
300 101 320 318 535 599 103 -0.084  0.334  0.337 0.274 3,742 1.42
300 1000 320 328 341 448 93 -0.016 0.442 -0.147 -0.023 3.254 3.254
w0 - 2% 335 389
309 1000 325 319 1136 1145 75 -0.078  0.177  0.584 0,589 '4.417 4,129
30¢. 1000 325 328 339 442 79 0.073  0.487 0,137 0.471 2.947 3.479
300 1000 325 319 288 346 B2 -0.015  0.440 -B.104 0,171  3.180 3.288
300 1001 325 321 391 S161417  0.018 0,493 0,238 0.296 2.830 3.041
300 1000« 325 324 344 413 93 -0.065 0.415  0.059 0,246 3.149 3.307
3to 1000 325 318 393 493 83 0.034  0.452 0.021 0.177 2.583 2.553
08 1000 325 32% 457 540 B . 0.035 6,430  0.135 0,280 3.431 3,514
3n0 1000 325 325 443 487 83 -0.101  0.31S  0.084 0.093 2.93¢ 3,122
300 1000 325 327 441 535 88  0.014 0.419  0.183 0.1%1 3141  3.429
30g 1000 - 330 330 494 562 %0 -0.049  0.353 1,120 0.910 B.8s@ 7.058
300 999 335 333 . 354 429 91 -0.045  0.421  0.018 0.24% 3008 3.471
300 1000 340 347 332 4902 B9 -0.056 0.420 0.335 0.350 3.429 3.220
300 - 1000 345 4% 405 473 97 -0.04%  0.389  0.317 0.524° 3,373 4.027
360 1000 330 351 390 479 94 -0.014 0,430 (.18 0.455 ™58 3.279
300 1000 355 357 286 384 98  0.080  0.51% -0.010 -0.410 2,795 3.409
300 1800 360 338 345 44388 -0.028 0.420  0.247 0.320 4.484 4.199
3p6-—. 1000 385 345 298 389 €8 0.009 0.483  0.004 0.155 3,193 3.477
800 1000 370 374 313 404 81 0.025 0.4720 -0.114 -.014 4,007 3.833
?NL 1000 375 384 343 441 85 0.039 0.472 0,021 0.234 2,545 2,942
00 1000 380 3B 442 599 ¥4 0.154  0.529 3.467 0.616- 4.201 4,228

9

0

0

0

0

0

{.

0.

S12 3735 3742
L3539 3.538  3.5%8
L2600 3,344 37735
447 4.221 5.318
J83 2,746 2.704
675 8,868 5.370
:343  3.424  3.540
S11 4,441 4,111
Jdél 2,893 2.724
J30- 3,702 3,457
028 3.008 3,149
A09 4,827 3.997
J18 3,202 3.199
204 3,559 3.383
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300 1000 38F 387 329 418 84 0,017  0.442 O3 0.230 2,926 3.03y
300 1001 390 400 482 520 101  @.0B4  0.478 J74 0,342 2774 3,254
300 1000 393 3% 310 377 102 -9.093  0.435 JA3% 0,307 2910 3.5M4
300 1000 400 403 413 3533 94 . 0.087  0.479 249 0.478  1.448 4,343
380 997 400 401 /731§ 3BY 84 -0.015  0.45) A3 0,233 2,472 2,355
300 1000 400 4057 488 3594 93 1.052 <:3.442 .281 0.278  3.554-  3.618

300 1000 400 296 300 B2 -0.09 433 035 -0.127. 3.133 2,800
300 999 400 ~ 403 2 344 81 -0.018 D.447
300 ioee 40 402 47y 3% 87 0.046  0.443

010 0.091  2.367 2.433
344 0.348 3,858 3.352
L
] . ° y .
/ .
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LL VISUAL
NIMBER MEAN  SYNCH MEAN VARIANCE OF CORRELATION OF ROOT B! QF  KURTOSES (B2)
SESS TRIALS FP iNT  RL RL RL#FP FP  RL,FP RL¢FP,FP RL  RL+FP AL RL+FP
121 300 1000 400 401 344 430 80 -0.048 0,387 0,346 0.337 "3.047 2.8%4
122300 1000 490 461 204 435 105 0.071  0.55] -D.212 0.23% 3.091 4.192
123 300 1000 400 397 377 4% 100 0.038  0.482  0.22% 0.457 2.832 4.4l
124 300 1600 400 400 44D 443 B0 -0.206  0.219  0.i98 0.131 3.4253 3.3
125 300 1000 405 410 245 435 83 -0.439  0.402  0.147 0.278 3.047 2.820
126 300 999 A0 454 388 441 93 -0.048  0.41¢ D.b‘; 0.163 3.090 3.425
127 300 1000 413 428 335 423 93 -0.0i4  0.436 8, 0.179  3.546 3.407
128 300 1000 420 425  39% 483 BO  0.013 0.418 0,191 0.132 3.307 3.3%7
129 300 1600 425 427 236 294 79 0.04%  0.455  0.347 0.293 2.497  2.44]
130 300 1000 430 434 308 330 4% -0.0%3 0,338  0.085 0.314 2.982 3.30)
131 300 1000 - 435 438 330 443 71 -0.039 0.430 0,132 0,140 3,143 3.1Z5
132 300 1000 440 435 448 582 107  0.043  0.484  0.308 0.291 3.771 3.4
133 300 999 445 449 38% 443 79 -0.013 0.401 -0.028 -0.118 3.047 3.1138
134 300 1000 450 458 318 421 95 0.022 0.4%5  0.380 0.432 3.670. 3.328
135 300 1000 455 434 330 430 107 -0.018  0.483  0.098 0.304 2.384 3.03)
134 300 1000 440 448 388 474 105 -0.041 0.432 0.197 0.880 5.307 4.043
137 300 1000 445 444 488 494 81 -0.182  0.224  0.418 0.335 3.407 3.44¢
138 300 1000 445 465 371 388 4% -0.148 0,258 0.179 0.132 3.035 3.078
13% 300 1000 . 470 449 342 444 B4 -0.011  0.431  0.047 0,085 3.473 3.247
140 300 1000 475 475 471 530 49 -0.030 0,333 0.247 0.186 3.924 3.400
141 300 480 484 319
1427 300 1000 485 487 435 544 96 0.032  0.448 -0.048 0.136 3.440 3.741
143 300 ° 1000 490 493 440 344 76 0.020 0.3%3 0,224 0.182 3,323 3.234
144 300 1001 300 47 391 307 116  0.001 0.479 0.335 0.391 1A 3.i72
145 300 1001 500 S04 412 527 103 0.028  0.448  0.228 0.404 3.240 813
146 300 999 500 500 378 438 B0 -0.055 0.377 0,334 0.255 3.833 3.639
147 300 999 500 500 329 429 49 0.106  0.493  0.286 0.352 3.413 3.834
148 300 1000 500 500 470 525 %5 -0.094  0.335  0.503 0.591 4,136 4.048
149 300 f00e 500 499 507 439 107 . 0.053 0.436 0,206 0.450 2.938 3.325
150 300 1000 506 514 550 589 85 -0.105  0.278  0.794 0.441 5.343 4,448
151 .300 1000 500 503 448 53t 71 0.031  0.3%4  0.370 0.306 3.283 2.849
152 300 1001 500 501 444 550 111 -0.057 0,397  0.294 0.305 2.73%  2.489
133 300 999 500 S4%% 467 480 71 0.007 0.3%91  0.216 §.281 3.873 3.484
154 300 1000 300 2 499 414 441 44 -0.054  0.320  0.179 0.188 3.§51 3.503
153 300 1001 500 TS50 420 479 103 -0.104 0,365  0.1508 0.224 2,973 3.208
154 300 1000 500 497 403 443 7% -0.054 0,344  0.228 0.198 3.483 3.338
157 300 999  S06 499 489 GAA-M 0002 0.37 1.342 0.463 3,544 3.433
158 308 999 s00  S03 410 428 74 -0.181 0,240  0.261 0.377 2.921 3135
159 3008 1000 500 494 429 521 B9  0.006 0.419 0.531 0.44% 3.374 3.206
160 300 1000 500 499 489 410 105 0.034  0.446  0.329 0.798 4073 4.9
181 300 1000 500 501 394 543300 0.120  0.531  0.333 0.51F 3.997 4.1
162 300 1000 - 300 508 512 559 85 -0.092 0.303  0.413 0.35%1 3.BM4 3,
143 300 999 390 497 244 450 92 -D.018  0.438  0.241 0.407 2.702 3.0
144 300 1000 493 499 42% 313 80  0.0i5  0.409  0.045 0.247° 2.884 3.16B
145 300 1000 495 495 343 414 89 -0.0B0 0.418  0.224 0,343 3,36 3.023
g 300 999 495 499 426 549 78 -0.012 0.366  0.188 0.143 4.042 3.662
i 300 1000 493 500 358 422 48 -0.010 -0.391  0.240 0,343 3.446 3.979
1 300 1000 495 497 445 520 B0 -0.015 0,379 0.599 O0.813 - 4.30% 4.81!
143 300 1060 495 902 336 454 B4 0.041 0.468  0.234 0.397 3.343 3.3
17§ 00 1000 490 491 291 374104 -0.044 0.473 0.370 0.370 3.505 3.38¢
2V 300 1000 490  48% 313 03 -0.073 0.448  £.078 0.181 3.498 3.117
2 300 1000 490 493 398 482 10% '-0.050 0.421  0.135 0.290 4.376 4.094
173 300 999 490 494 356 406 49 -0.043 0,354 0.350 O0.j08 3,874 3.481
174 300 10000 490 478 358 425 85 -0.052  0.399  0.477 0.268 4.07% 3.144
175 300- 1000 4%0 492 506 544 93 -0.123 0,295 0.44% 0.339  5.719  4.440
176 300 1000 485 482 337 413 75 0.003  0.430  0.098 0.065 3.597 3.348
177 300 1000 485 -487 385 449 88 -0.011 0,423  1.045 0.950 4.940 4.098
178 300 1000 485 48] 238 309 -0.019  0.480  0.072 0.372 2.92¢ 3.113
179 300 Joe1 485 485 282 344 115 -0.084  0.485  0.151 0.549 2.991 3.584
180 300 1000 * 485 482 30 376 76 -0.035 0.418  0.05f 0.134 2.95% 2.858
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MEAN -

NUMBER MEAN  SYNCH VARIANCE OF CORRELATI(N QF ROUT Bl OF KURTOSIS (B2)
SESS  TRIALS .. -fP INT RL RL RLeFP FP  RL,FP RL+FP,FP RL#FP RL RL#FP
181 360 1000 485 484 346 499 98 0,094 0.523  0.485 0.548 3.041 3.027
182 300 1000 480 477 489 361 79, -0.0I%  0.359  0.519 0.4Bf 3.788 3.74%
183 300 1600 480 479 340 457 100 0,009  0.459  0.350 0.532 3.477 4.000
184 300 1001 480 477 229 320 108 -0.053  0.537  0.047 0.122 ~ 2,434 2.419
183 300 997 + 480 483 313 412 94 0014 0.4%0 0.047 0.307) .
185 300 1000 480 483 370 450 87 -0.020  0.423 -0.049 0.
187 300 1000 - 480 482 333 384 85 -0.095  0.381 -5.002 O.
188 300 1000 475 480 287 374 4% 0.044  0.486  0.426 0.
189 300 1000 475 476 271 332 95 -0.104  0.440 0.288 O.
190 300 1000 475 473 305 407 84  9.050  0.502 0.223 0. .
191 300 999 475 474 286 386 91  0.024 0.508  0.232 .
192 300 1000 475 475 274 403 103 0.075 0.548  0.147 0. .
193 300 1000 475 475 283 347 86 -0.004  0.493  0.299 0. .
194 300 1000 470 470 258 380 89  0.110 0.574  0.191 0. .
195 300 1000 443 449 . 405 447 B85 -0.i18 0,325 - §.302 0. .
196 300 999 . 460 444 354 437 97 -0.039 0.436  0.143 0. .
197 300 1000 455 459 311 391 97 -0.047  0.454  0.214 O, .
198. 308 1000 450 431 254 330 B3 -0.025 0.480  0.050 0. .
199 300 1000 450 452 358 448 97 0.037 0.486  0.325 0. .
200 300 1001 450 454 357 483 98 0.074 0.514  0.389 0. .
200 300 1000 450 445 314 385 82 -0.035 0.429  0.311 0. .
202 300 1000 450 452 349 384 73 -0.124 0.324 0.173 0.01f. .
203 300 1000 450 452 351 439 91 0.050 0.488  0.234 0.507 3.413 . 3.887
204 300 1001 4350 457 335 431 138 -0.051 0,550 0.280 0.515 4.284 5.3%!
205 300 1000 445 441 310 424 98 0.047 0.520 0.518 0.728 3.914 4.025
204 300 999 440 439 337 393 73 -0,.054 0,380 0.042 0.219 3.445 3.353
207 300 1000 435 441 359 444 B? 0.066  0.481  0.423 0.388 5,328 4.020
208 300 1000 430 432 - 432 471 101 -0.147  0.322  0.09% 0.011 2.907 2.950
~20% 300 999 423 415 359 443 B85 -0.002 0.436  0.417 0.465 4.538  4.790
210 300 1000 420 420 409 487 93 -0.040  0.401  0.158 0.405 3.802  3.9%2
211 300 1000 415 419 297 400 90 0.038 0,508 0,546 0.555 4.073 3.473
212 300 1001 dio 414 387 534 115 9.075 0.528  0.237 0.594 3,530 3.85%9
213 300 1081 405 403 323 412122 -0.085 0.470  0.178 0.267 2.829 3.014
214 300 1000 400 404 . 274 325 94 -0.138  0.411  0.043 0.267 3.iB4 3.4%0
A3 300 1000 400 397 289" 347 91 -0.040 0.462 0.344 0.313 3.435 2.9
206 300 1000 400 405 362 4354 80 -0.017 0.412  0.344 0.333 4.206 3.972
217 300 1000 400 418 359 440 84 0.070 0.485 0.423 0.597 3.793 3.593
218 300 999 400 401 279 338 &7 -0.036 0.413  0.288 0.440 3.260 3.2%0
219 300 1000 400 399 238 303 75 -0.039  0.464 -0.002 0,250 3.007 3.345
220 300 400 397 07
221 300 1000 400 398 299 338 80 -0.047 0.411  0.076 0.342 3.899 3.193
222 300 §99  400. 398 315 348 47 -0.{15 0,329 0.240 0.350 2.954 3.5%I
223 300 1000 400 403 346 402 74 -0.041 0.37%  C.484 0.393 3.595 3.489
224 200 999 395 397 3B 36 44 -0.157  0.286 -0.003 -0.00% 3.085 3.073
223 300 999 390 391 37 392 83 -0.027 0.437  0.127 0.217 2.950 . 3.175
226 300 1000 385 384 310 384 88 -0.037 0.444  0.132 0.262 3.025 2.87
227 300 j000 380 ° 383 300 406 84  0.047  0.513  0.26] 0.433 2756 3.076
228 380 1000 375 326 304 385117 -0.097  0.488) 0.549 70.370 2.739  3.38
229 300 1000 370 374 5 428 91 0.033 0.490° 0,534 0.4B4 4.705 4.783
230 300 1080 345 374 307 404 95 0.006 _0.490  0.157 0.379 3.3%3 3.540
231 300 1000 380 343 308 402 85 0,027 0.484  0.117 0.484 3.307 3.43
232 300 1000 355 340 246 413118 0,083  0.401  0.515 0.590 3.782 3.850
233 300 1900 350 355 232 345 74 0.07t  0.524 -0.015 0.126 3.24% 2.944
234 300 1001 350 34 210 340 138 -0.024  0.618  0.176 1.124 3.44%9  9.180
235 300 1000 350 336 . 285 351 91 -0.014  0.495  0.422 0.453, 4.858 4.098
236 300 1000 350 3% 202 32% 87 0.110  0.403  -D.01% 0.479 3.021 4.199
237 300 1900 330 355 320 402 24 0.018 0.450  0.575 0.998 4,029 4.847
238 300 1000 350 333 240 305104 -D.034  0.559  0.384 (.488 3.534 4.254
239 300 1001 350 354 263 345109 -0.018 0,330 0.290 0.412 2.774 4.420
240 300 1000 350 338 288 344 94 -0,059 0.460 0.193 0.247 3.071 2.989




“~ LL VISUAL

HUMBER MEAN  SYNCH MEAN VARIANCE OF CORRELATION OF ROOT B! OF  KURTOSIS (B2)
SESS TRIALS FP INT R RL RL:FP FP  RL,FP RL#FP,FP RL RL#P AL RL+FP
241 300 1000 350 340 213 235 B3 -0.15% 0,428 0,049 0,299 3.38D  3.0%7
242 306 - 1001 330 352 189 304 105  0.038  0.418 -0.077 0.408B  3.324 5.157
243 300 1000 343 344 254 341 98 -0.031  0.50B  -0.018 0.294 2.913  3.749
244 300 1000 348 344 293 397 $3 0,031  0.312  0.331 0.5%% 4.426 3.731
245 08 1000 335 337 229 3% 80 0.021 0.522 -0.058 0.143 3.202 3.4
286 300 999 330 336 289 343 78 -0.014  0.452 -0.204 90.138 3.575 3.073
247 300 999 325 330 318 390 Bl -0.021  0.438  0.042 0.247 3.421 3.449
248 300 1001 320 322 255 430 120 0.15%9  0.450 -0.019 0.444 3.148 3,542
249 300 ieer 25 A5 a5 31121 -0.04y  0.584 -0.154 0.467 3.05Y  3.8%
230 300 1000 310 314 273 339 92 -0.083 0.447  0.137 0.084 3.0427 2.757
231 W 1000 305 302 28f 3%4 V4 0.127  0.547 0.413 0.33¢ 3.217 2.8
252 300 1000 300 305 30% 424105 0.031  0.524  0.087 0.3B{ 3:182 3.4%2
233 300 999 300 30 I8 445 74 0.039  0.435 0.230 0.3i1 3,343 3.483
234 300 ig00 300 306 303 406 118 -0.039  0.505 -0.i53 0.197 3,322 4.224
233 30 1001 300 304 337 500128  0.084 0.575  0.494 0.720 4.084 4,372
256 . 300 1060 300 307 o 440 576 105  0.057 0.480  0.544 0.449 5.000 4.492
237 300 1060 300 300 272 397 85 0.131 0,572 0.195 (.44 3.452 3.749
258 300 1800 300 203 332 400 75 -0.024  0.413 -0,186 0.108 2.548 2.943
5% 300 999 300 300 376 433 0 -0.084 0.376  0.450 0,583 3,547 2.444
260 300 999 300 305 242 3% 92 -0.114  0.433  -0.003 0.213 2,575 3.209
260 ;ﬂﬂ 1000 360 304 251 343 92 -0.003  0.517 0.146 0.122 3.510 3.142
/



45 Vistal

NIMBER MEAN SYNCH MEMN VARIANCE OF CORRELATIMN OF ROOT B} OF  KURTOSIS (B2)
SESS TRIALS FP INT  RL RL RLAFP FP  RL,FP RL+FP,FP RL  RL4FP RL RL4FP
I 380 799 300 308 2454 2474 78 -0.048  0.10%9  0.419 0,402 4.644 4.491
2298 ¢(2) 1000 308 304 124571338 114 -0.030  0.246  0.092 (.128 4,973 4.315
3 6 999 4 300 314 1088 1156 47  0.006  0.247  0.012 -0,092 3.250 3.286
4 300 1000 300 315 4BY 745 78 -0.005 0.5 0,173 0.404 4.136 5.89%
5300 1000 300 214 1090 1§90 73 0.050  0.295  0.337 0.448 5.626 5,743
6 299 (1) 1000 300 288 1015 1071 70 -0.027  0.229  0.414 0.481 4.422 5.062
7 300 1000 300 285 926 1015 94 -0.012 0,296 0.301 0.258 4,046 3.703
8 299 (1) {000 300 267 834 1010 163  0.090 0.402 0.448 0.811 4.702 4.590
9 300 1000 300 292 1350 145% 107 0,003  0.257 1.421 .37 B.803 8.334
10 300 1000 300 285 900 944 96 -0.088 0.233 0.205 0,224 3.283 3.089
11 300 1000 300 292 841 %00 8 -0.086 0,224  0.§79 0.242 3.097 2.944
12360 779 300 293 771 B7% 88 0.040 0.353  0.215 0.117 3.017 2.739
13300 {000 300 308 B9Y 973 95 -0.037 0.278  0.597 0.571 3.908 4,03
14 300 1000 300 296 1001 1037 96 -0.097  0.209  0.626 0.467 5.412 5.421
i3 300 799 300 303 1210\ 1292 80 0,003  0.251 -0.344 -0.518 4.825 7.0i4
14 300 1000 300 304 444 737 95 -0.047 0.314  0.084 0.211 3.081 3.250
i7 300 1000 300 293 750 882 81  0.103  0.398 - 0.408 0.419 3.454 4,137
18 300 1000 300 288 780 871 84. 0,004 0.323 0.333 0.479 4.432 3.893
17 300 1000 300 300 532 427 106 -0.045  0.331  0.091 0.260 3.941 3.244
20 300 1000 300 294 579 440 94 -0.070  0.314  0.235 0.449 3.548 4.747
21 300 1000 300 294 5B 438 83 -0.08f 0.284  0.143 0.038 3.314 3.260
22 300 1006 300 295 527 33 97 -6.158  0.245  0.044 0.200 3.494 3.314
23 30 1000 300 294 359 420 B4 -0.052 0.318 0,202 0.257 3.229 3.34
24 300 joee 300 307 806 842 74 -0.038  0.257 -0.046 -0.091 3.221 3,011
25 300 1000 300 300 459 710 100 -0.095  0.284  0.i21 0.195 2.979 2.948
26 300 1001 300 294 381 712 126 0,009 0.430  0.037 0.455 2.711 4.343
27 300 1000 300 292 491 707 87 -0.144  0.208  0.102 0.042 3.502 3.500
28 300 1000 300 300 519 585 90 -0.057 0,339 0.366 0.276 3.709 3.442
29 300 1000 300 230 437 242 98 0.033  0.408  0.289 0.394 3.028 3.478
30 300 999 300 298 300 3347 70 -0.008 0,343 0,227 0.347 4.140 4.%
31 300 100 300 291 413 733101  0.838  0.406  0.112 0.313 3.842 3,440
32 309 1001 300 294 433 523 121 -0.044  0.420  0.142 0.438 3.101 3.254
33 300 1000 300 287 538 451 8%  0.009 0.379 0.433 0,527 3.81% 3.784
34 300 1000 300 295 4583 3§55 98 0,005 0.424  0.258 0.120 23.487 2.8%7
3 300 999 300 302 323 545 85 -0.104  0.289  0.445 0.45% 3.714 3,519
6300 1000 300 295 492 531 79 -0.100  0.289- -0.107 -0.207 2.980 2.B22
37 30 1000 300 291 440 486 @2 -0.095  0.319 -0.051 -0.032 3.007 3.024
38 300 999 300 291 372 442 76 -0.845  0.330 -0.130 -0.071 3,370 3.103
3% 300 999 300 231 340 401 45 -6,011 0,319 0.141 0.220 4.010 3.803
40 300 1000 300 292 407 443 81 -9.123 0,309 0.208 0.238 3.175 3,135 .
41 300 998 300 297 440 511 49 -0.052  0.317 0,238 0.325 3.101 3.080
42 300 j000 300 294 754 789 100 -9.118  0.241 - 0,511 0.538 3.449 3.727
43 300 1000 300 297 456 73 96 -0.003  0.355  0.389 0.445 4,117 4,349
4 308 1002 300 288 430 716 120 -0.063 0,351  0.481 0.378 4.113 3.344
43 297 (3) 1000 300 294 5% 436 77 0,075  0.275  0.292 0.2 .22 3.0%
46 300 1000 300 298 388 441 88 0,094 0,357 0.332 0.326 3.005 2.946
47 300 1000 300 300 494 519 89 -0.152  0.244  0.252 90,143 2,731 2.832
48 300 1000 300 294 437 443 84 -0.121 0,237 -0.134 -0.344 7.442 7.455
49 300 979 300 288 314 592 84 -0.021  0.382 0.333 0.44% 3.548 3.595
30 300 1000 - 306 294 598 443 %8 -0.047 0.320 0.102 0,252 2.88%F 3.748
31 300 1000 300 291 532 S84 74 -0.0%8 0.303 -0.148 0.099 3.450 4.187
32 300 1000 300 291 38 481 81 -0.003 0,348  0.143 0.098 3.853 3.438
33 300 1001 300 292 483 527 10f 0,129 0.315 0,272 0.207 3.140 3.144
34 30 1000 300 294 334 385 79 -B.105  0.255  6.209 0.125 3.3%0  3.214
35 300 999 300 298 499 44 80 -0.088  0.29%  0.194 0.304 3,172 3.3
36 300 999 305 300 441 449 77 -0.110 0,232 0.434 0.299 3.9 3.3
37 300 §99 305 302 377 443 71 0,004 0,387 0,099 O0.180 3.325 3.421
J8 300 © 303 30 S0 :
59 300 1001 305 303 462 523 102 -0.096 0.352  0.010 0.078 3.592 3.249
80 300 1000 305 31 472 514 85 -0.107  0.305 -0.070 -0.141 4.0i3 3.889




JS VISUAL

NUBER MEAN  SYNCH NEAN VARIANCE OF CORRELATIN OF ROOT B1 OF QURTUSIS (B2)
TRIALS  FP INT R RL RL4FP FP  RL,FP RL+FP,FP RL  RL#FP KL RL+FP

300 1000 310 310 489 555 94 -0.045 0,330  0.298 0.298 2.892 Z.820

308 06 30 307 570 424 81 -0.042  0.300 -0.141 0.091 4.442 4.014
300 $39 310 310 436 493. 72 -G.0%4  0.289  0.287 0.234 3.299 3.478
300 1000 310 309 34 414 95 -0.104  ©.381 -0.052 0.211 2.910 2.944
300 1000 310 316 537 430 74 -0.002 0.340 0.299 0.416 3.328 3.844
300 1000 315 324 N4 577 88 -0.082 0,312 0.307 0.28F 3.444 3.314
300 1000 M3 37 522 S5BI 105 -0.09%  0.331  0.290 (0.374 3.05% 3.072
300 tee0 15 312 543 414 88 -0.082  8.300 0.172 0.098 3.40F 3.304
3¢ 1000 313 304 4y 538 83 -0.04%  0.34%  0.49% 0.442 3.9%1  3.744
300 1000 M5 37 542 405 82 -~0.0%3 0.279 -0.114 0.104 4.491 T 3.7%
300 999 320 314 572 454 43 0,054 0.3 0.095 0.074 3.48 3.831
300 1000 320 317 0% 567 105 -B.097 0,338 0.277 0.201 2,843 2.7%0
300 999 320 320 408 47% 91 -0.042 0,327  0.322 0.523 3475 3.480
300 1000 320 324 443 747 104 -0.03% 0,337 0.1l 0,201 3.327 3.300
300 1000 320 318 448 508 83 -0.110  0.298 -0.018 0.138 2.023 3.123




Rd VISUAL

NUMBER MEAN  SYNCK MEAN VARIANCE OF CORRELATION OF ROOT BY OF  KURTOSIS (B2)
TRIALS FP INT RL RL RL#FP FP RL,FP RL#FP,FP RL RL#FP AL RL+FP

300 1001 300 300 782 844 !16 -0.087 0,287 0.787 0.903 5.78 5.2
390 {000 300 302 538 570 89 -0.129  0.270 -0.028 -0.0§5 3.248 2.8
300 1000 300 304 463 44D 80 -0.215  0.202  0.084 0.471 3.422 4.4
300 1000 300 307 464 448 73 -0.1B8  0.209 -0.212 -0.109 3,177 3
300 1000 300 302 308 391 85 -0.007  0.459 0,082 D.153 3.024 3.045
300 1000 300 308 335 333 74 -0.189  0.181  0.451 0.329 4.093 3.973
a0 999 300 302 334 377 84 -0.177  0.200 -0.081 -0.044 2.798 2.919
300 999 300 297 537 562 85 -0.140  0.252  0.285 0.159 3.708  3.840
300 1006 300 303 505 529 84 -0.149  0.257  0.013 O0.117 3.274  3.115
300 1000 300 301 472 468 8Y -0.21%  0.197 -0.402 -0.202 3.B19 4.199
300 1000 300 297 419 439 90 -0.180 0,277 -0.168 0.006 2.898 3.204
300 1000 300 296 440 474 83 -0.123 0,297  0.021 -0.021 31.344 3.148
300 1000 300 301 419 454 81 -0.125  0.302 0,045 0.027 3.159 2.973
300 1600 200 288 340 409 73 -0.072  0.354 -0,034 0.070 3.058 2.890
300 1000 360 299 371 415102 -0.148  0.356 -0.098 -0.237 2.498 2.748
300 1000 300 304 483 532 81 -0.081  0.313 -0.200 -0.027 2.885 2.702
300 1000 300 300 371 382 90 -0.215 0,274 -0.094 -0.044 2,495 2.704
300 1001 300 301 511 - 485 106 -0,283  0.177 -0.111 -9.018 3.270 2,949
308 999 300 304 404 440 94 -0.094 O. 0.023
300 999 300 300 394 438 91 -0.134  0.330  0.041
300 999 300 294 295 49 108 -0.152 0. 0.019
300 1000 300 301 319 388 49 -0.002 0.421 -0.14]
300 1000 300 291 400 415 87 -0.194 0
300 999 300 302 384 429 72 -0.085 O 0
300 1000 300 299 290 355 83 -0.059 0. 0
300 1000 300 300 272 343 82 -0.B35 0.458 ¢
300 1000 300 297 386 437 764 -0.07]  D.35) I
300 1000 300 299 320 382 71 -0.033 0,400 ¢
300 1001 300 294 N5 417109 -0.096 0.424 0
300 1001 300 294 Q394 106 -0.132  0.3%6 0.
300 999 300 300 357 388 71 -§.131  0.303 8.158
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187 3,396 3,381
JA80  3.036 2,832
432 3173 4447
457 3,392 a.101
A 2,980 3,087
2120 3479 2,944
475 . 3,198 3,499
483 3,227 3,432
292 7,803 4.477
438 3,310 2.8%7
SO0 2,748 3,449
38 3.179  3.142
08 3,114 2,984
379 2,983 3.282
179 2,778 2,414
J62 4793 5,410
298 3.008 3,175
239 2,841 3.084
J14 2781 3.1
A28 2,788 2,400
209 .54 3.4%4
205 3.023  3.3%7
006 3,320 2.943
409 3.447 5,013
229 2,972 3,064
232 3,824 3,512
J15 0 3.230 3,094
JO77 0 3.040 3,329
198 3.004 2,878
¥ 3,795 3,509
A16 0 3.414 0 3,339
388 2,937 3.743
J90 3,425 3,794
326 2.854 3,034
282 3,362 3.389
344 3.226 3.478
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300 999 300 299 337 \388 - 49 -0.058  0.38
3t 1000 300 302 337 35276 -0.189 0.279
300 1000 300 303 419 447 71 D0EB 0.328
300 1001 300 297 328 343 106 -0.244  0.319
300 1000 300 301 276 342 109 -0.123  G.454
ago 999 300 306 301 348 78 -0.102 0.37%
300 1000 300 303 30 39 8y -0.170 . 0.322 .
300 999 300 304 301 308 74 -0.228 0.267 -0.358
300 999 300 303 279 340 94 -0.101  0.434  0.133
300 999 300 292 259 32 9 0.4 0.428  9.087
300 1000 300 300 288 338154 -0.201 0.479  0.013
300 1000 300 298 357 407 107 -0.146 0.376 -0.128
300 999 300 299 291 302 85 -0.235 0,300 -0.337
308 999 300 3g0 303 334 94 0,186 0.383 -0.187
300 1000 3000 27 280 342 80 -0.D41 5,429 0,280
Joe 1008 300 295 207 258 106 -0.185  0.4784 -0.007
300 1000 300 299 325 381 48 -0.D41 0,384 -0.025
300 1000 300 294 331 338 93 -0.1%0 0.328  0.24)
300 1000 300- 2984 244 336 87 0,049 0.488 9.1
300 1000 305 307 375 453 83 -0.012 0.414 -0.D24
300 1000 310 31 239 314 81 -D.BM3 0.495  0.209
300 999 315 316 314 337 71 -0.162  0.302 -0.058
300 999 320 318 284 337 49 -0.040  0.298  0.245
300 1000 325 332 305 344 76 -0.055 0.407 -0.122 -
300 1000 330 332 293 345 71 -0.084 0,392 0.2

300 1080 335 - 340 355 404 85 -0.102 0,342  0.158 .
300 1000 340 347 324 403 80 -0.004 0.442 (.20 0.312 3.209 . 3.476
300 1000 345 347 310 354 49 -0.085  0.38]  0.241 0.572 3,544 4.075
300 10000 350 358 280 326 104 -0.171  0.407 -0, BIB 0.141 2,944 3.018
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U VislaL

NIMBER HEAN  SYNCH HEAN VARIANCE OF CORRELATION COF ROOT 31 OF  KUHTOSIS (B2)
SESS TRIALS FP INT R RL RLsFP FP  EL,FP RL+FP,FP RL  RL¢FP  RL RL4FP
431 300 1000 350 333 214 291 103 -0.695 0,504  0.214 0.38f 3.B44  4.458
432 300 1000 350 35 3/ 3 90 -0.154 0.345  0.044 0,229 2.787  2.832
453 300 1000 330 344 382 433 94 -0.113  0.340 -0.18B -0.040 3.330 3.432
454 300 1008 350 348 299 407 87  0.043  0.317  9.074 0.423 3.291 4,745
435 300 999 3¢ 347 230 274 73 --0.10% - 0.415  0.011 0,287 2,775 3.358
456 300 999 30 336 306 464 57  0.003  0.492 -0.148 0.282 2.B04 4.020
457 300 100 340 370 326 381 90 -0.104 0.387  0.438 0,974 5.932 7.4R8
438 300 1000 385 34 394 484 %4 -0.012  0.430  0.281 0.333 3.453 3.2%4
439 300 999 370 379 348 399 72 -0.049 0,362 0,13 0.254 3.273 3.299
440 308 1000 375 372 372 420 76 -0.084  0.346  £.450 0.3%9 3.7 3,28}
441 300 1000 380 384 428 S19 85 0.0i4 0.418 0,508 0.436 4.341 3.748
452 300 1000 383 382 330 395 78 -0.03%  0.409  0.071 0.084 3.544 3.350
443 300 999 390 395 326 397 90 -0.058  0.425  0.245 0.507 3.432 4,191
444 300 1008 395 400 544 440 103 0.027  0.420  0.312 0.405 3.598 3.87%5
445 300 1601 400 397 494 533 87 -0.114  0.291 1,244 D.938 10.094 8.049
444 300 §99 400 399 476 51§ 47 -0.078  B.2B5  0.181 0.139 3.439 3.5
447 300 101 40 404 483 395 & 0.0 0.433  0.085 0.111 3.182 2,425
448 300 400 407 477
469 300 foed 400 404 557 411 87 -0.075 Y 0.305  -0.124 -0.021 3.442  3.994
470 300 1000 400 407 447 496 24 0,072 4 0,324 0.382 0,322 3.247 4.018
471 300 1001 400 404 310 435 156 -0.070  ©.340 -0.009 0.874 3.%40 B.772
472 300 1000 400 404 443 487 107 -0.145  0.330  0.388 0.557 2.776 3.41%
473 300 - 100f 400 400 467 475 10% -0.093  0.392 0,409 0.448 4.242 2.372
474 300 1000 400 402 344 422 94 -0.050  0.431  0.43) 0.746 3.582 4.942
475 300 1060 400 397 493 504 104 -0.203 0,234  0.4%1 0.42]1 3.327 3.173
474 300 999 400 394 442 310 80 -0.032  0.346  0.404 0,583 3.705 3.354
477 30 1000 400 393 408 444 119 -0.145  0.371 0,384 0.472 4010 3.5%7
. 478 300 - 1000 400 3%z 332 397 8% -0.057  0.44)  0.157 0,307 3.884 3.935
479 300 1000 400 395 C 449 535 B85  0.002 0.400 0,487 0.491 4.078 3.800
480 300 1000- 400 393 394 430 90 -0.{42 0,322 0,293 0,414 3056 3.572
481 00 1001 400 399 344 441 122 -0.112 0.424  0.05¢ 0.235 3.070 3,344
482 300 1000 400 400 34 402 70 -0.108 0,314  O0.190 -0.022 3.B41 3.449
- TN 483 300 1001 400 3% 403 455 108 -0.132  0.359 0.483 0.438 4.275 4,144
84 300 1000 400 397 430 554 100 0.054 0.474  0.098 0,306 2.986 3.4}
B3 300 999 390 392 412 525 78 0.0%4 0,470  0.047 0.274 3.103  2.849
486 300 1000 3% 395 240 329 8% -0.067 §.441  0.012 0.152 2.746 2.728
487 300 1000 3% 388 332 383 95 -0.124  0.382 0.344 0.301 3.737 3.439
488 300 1000 390 396 275 327 80 -0.094  0.408  0.818 0.125 2.435 2.7%0
489 300 1000 390 384 241 297 79 -0.150 0.3784 0,022 0.977 3.841 4.219
490 300 100t 380 384 333 410 105 -0.073  0.43%9 -0.179 -0.028 3.246 3.432
471 300 1000 380 374 310 377 96 -0.085 0.428 -0.137 0.173 2.5%94 3,417
492 300 1000 380 372 316 375 81 -0.049  0.401  0.209 0.296 3.486 3.183
493 300 - 1000 380 384 282 343 93 -0.044 0.473  0.154 0.419 2.578 2.919
494 300 1000 380 381 318 337 B4 -0.1%%  0.304° 0.217 0.012 3085  2.72!
493 300 1000 3/ 377 379 421 78 -0.104 0,331 0.318 0,381 3.402 3.74D0
496 300 1000 370 370 292 340 120 -0.139  0.453 -0.154 0.148 2.845 3.497
497 300 1000 370 375 242 322 91 0,103 0.43%  0.032 0,289 3417 3.424
478 300 1000 370 372 326 3% 83 -0.029 0.438 -D.044 0.334 2.903 4.212
499 300 1000 370 376 327 414 82 0.014  0.459  0.04! 0.159 2.742 2,977
300 300 1600 - 380 340 306 386 94 -D.042  0.457 -0,352 0,137 3429 3.938
301 300 999 30 342 303 344 88 0,135 0.377  -0.149 -0.048 2,749 3.044
302 300 1001 340 344 34 76109 -0.131  0.418  -0.128 -0.047 2.707 2.672
303 300 999 0 367 4T 412 85 -0.053 0.406  0.221 0.325 5.431 5.289
304 300 999 360 345 735 742 72 -0.138  0.476  -D.013 -0.120 3,217 3.249
305 300 999 350 334 204 233 48 -0.P73  0.447 -0.14B -0.015 3.138 2,734
304 300 1000 350 355 300 323 74 -0.171  0.315w -0.008 0.172 2.943 2.729
307 300 999 350 353 348 349 73 -0.225  0.231 -0.094 -0.096 2.443 2.480
508 300 1000 390 337 232 286 B2 -0.i06 0,445 0,240 0.091 3.348 3.23)
309 30 1000 330 352 283 304 78 -0.132  0.384 0.141 0.093 2.854 3.109
510 300 1001 340 342 247 246 118 -0.334 -D.01% D0.089 2.797 2.985

.33




R visual

NIMBER MEAN VARIANCE OF CORRELATIIN OF ROOT Bl OF KURTOSIS (B2)
TRIALS FP RL RL+#FP FP  RL,FP RL#FP,FP RL fL FP
300 1000 236 9 87 -0.116 0,425 -0.038 2,979
300 799 221 2%._81 -0.022 0,504  0.087 3.284
300 1000 240 226 91 -0.187  0.401  0.117 2.933
300 1000 238 282 52 -0.182 0.423 0,198 3.434
300 1080 291 338 74 -0.094 0.381  0.043 3.363
300 1000 198 293 §1  0.015  0.570- 0.048 2.827
300 1000 261 %g; 93 -8.221  0.385 -0.218 3.044
300 1000 213 84 0,153 0.430 0.117 2.840
300 1000 291 323 780 -0.153 0,347 0.278 3.33
300 1000 184 284 120 -0,04% .0.393  0.009 . 3.304
300 1000 a2 30 AN -0.097  6.408 0,042 2.9
300 1001 213 247 73 -0.144  0.405 -0.001 2.850
300 1000 238 281 73 -9.122  0.408 -0.056 3.524
300 1000 212 232 786 -0.144  0.418  -0.048 Q. 2,979
300 1000 233 294 B3 -0.146 0.401 0,034 Q. 3.182
30 999 i3 257 81 -0.028 0.538 -0.109 0.2 4.120
300 999 298 292 77 -0.272 0.239 -0.128 0.3 2,838
300 1000 190 254 91 -0.100 0.510 ° Q.1B8 0.2 2.871
300 1091 284 317 119 -0.186 0.444 0,325 -0.320 3.211
300 1000 234 279 91 -0.157  0.428 -0.133 0,145 3.174
J08 1000 215 295 %6 -0.057 0.321 -0.048 0.232 3.047
300 1000 236 285 76 -0.177 0,370 -0.052 0.244 2.474
300 -1000 218 271 B -0.106 G.432  0.006 0.135 3.151
300 1000 44 371 78 -0.151 0,307 0.144 0.117 3,394
300 1080 A0 373 9 -0.082 0.419  -0.035 0.02% 3.443
300 1000 245 284 74 -0.133 0,388 0.139 0.229 3.079
300 1000 260 288 80 -0.179  0.357 0.048 0.117 3.111
300 1000 281 293 83 -0.173  0.373 -0.223 -0.i04 3.074
300 1009 247 298 118 -0.198  0.449 -0.311 -0.247 3.234
ggg fo0p ggg 88 %2 -0.233  0.340 -0.024 0.046 3.542
300 1001 258 308 104 -0.170 0.432 -0.034 0.112 3.201
300 1000 32 373 9% -0.129 0,387 -0.505 -0.117  4.408
300 1004 23 2 73 -0.23  0.319  -0.289 -0.127 3.938
300 1000 A3 377 87 -0.071  0.415  0.178 0,237 2.138
300 1000 233 272 4% -0.193  0.315  0.194 0.050 3,891
n 1000 276 290 91 -0.243  0.323  0.319 0.3 4,437
300 1000 308 332 87 -0.193 0.327 0.142 0.033 3.409
an 1000 283 297 80 -0.219  0.305  0.240 0.23& 3.992




Appendix 2

Distributional Information

ta) Notation and Basic Theorems

Let $¢(x) be the density function of a random variable X and

denote the expected value of a function, g¢), of X by EC(g(X)). By

. definition (eg. Freund, 1971)

f

E¢g(X))

Zglx)=f{x) if X is discrete

Jatxy=f{x)dx if X is continuous.

Let p be the population mean. For discrete distributions, the

éecond, third and fourth central moments about the mean are defined as:

——

Uy = E(x—u)l:f(x) = U(X) (Variance)

0

T Z(x-p)3=£(x)

T(x- 1 £(x) . : )

¥
i

The definitions for continuous distributions are the same

except for replacement of discrete summation by integration.

The population coefficients of symmetry, JE;H and kurtosis,

B2 are defined as:

B3 V(X372

J8s

B2

IFAYIS SR IN
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Symmetrically distributed variables have fa = 9, Positiueiy
skewed distributions (such as the geometric, exponential and chfu

square) have positive syhmetry coefficients. 7
/—/ 3
Distributions with thin taiis (data points many standard

—

deuiatidns from the mean are'extreme}y unl ikely) have low Kurtosis

./)

coefficients. As extreme ua}ues become more likely, the Kurtosis

increases. f—’//

From Johnson ERQ\Kotz (1970) and Hastings and Peacock (ﬂé&{j?
' ' : ’ { (}9

we obtain the foliowing information: <

1 L

Coefficient Coetficient 4th Central

Distribution Variance _of Symmetry of Kurtesis Moment

Triangular ,qz/ée\\“ 0 2.4 ' qQ*/15

Norma o g 3.0 30

Logistic b2 . 0o - 4.£ 4,2b"

Geometric rpr 2-pAT 94p2/r'  9r2/pt +.0/p2  (r31-p)

- .
‘et X and Y be two random variables and let x and y be observed

values of X and Y respectively. The>variable Z is called the sum, or
convolution, of X and Y when observed values, z, aremformed by taking
Z = xty. "

Most of the work below Qill involve convolutions of two or more
of the four distributions aboue. The following two theqrems will be
u?eful;

Expectation of a Product eFreund, 1921, p. 1792

I+ X and ¥ are statistically independent then E{X:Y) = E(X)«E(Y).
7 : .

f
ab
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Covariance of a Linear Combination (Freund, 1971, Theoren 4.4, p. 19&)
-
1+ Xyy Xzy ++ay Xy are random variables and cy, Cay ..., Cn

and dy, dgy ..., dy are constants and Y, = Zc;X; and Y, = Zd;X.:, then-

e

the covariance of ¥ and Y,, COV(Y,,Ys), is qiven by:

COVCY 1Y) = Zc;d;VEX;) + I E (cidy + cyd;)=COVIX; \Xy).
: . i< < -

Tm

Finally, the geometric variable of interest in the present-work -
is the yforeperiod duration. On the PDP-B gecmetric variates were
generated with a.mepn of 10 msecx(plqp\890), in units gf 1 msec. On ~

-

the Apple, geometrig variates were generated in 200 microsecond units, .

with p = .0208608. Converting to milliseconds, the foreperiod

distributions of the present research had the following statistics:

Mean Variance JB: B M3 SRR T™
Apple 9:5974 90; 2.00011 2.00044 . 1707, 72903.46
PDP-8 10.0000 20 2.00279 9.61111 1710% 72990.0

'
-

I will use the Appie valueﬁ’b;%ou.

Legmx and ¥ be independent random variahles and let 2 be their

convolution, 2 =.X+4Y, Let the means of X, Y and Z be denoted Uy, Hy \\\\\_“_/’fﬂ‘
6 = T

and gz respectively. GSince X and Y are independent, the variance %j’
V(Z) = YCX) + UCY), By definition, the symme try coefficient is Nw
[By = waAV(2)372 = EL(Z-py)31/0(2)372, Focusing on the numerator, we have f*'iﬂ»—\\
N = L
- V\“ /\__/—-/B
L)



’
it

342

E[(Z"'uz)3]

Il

EL{X4Y =y, —uy231]

1

ELCX-p,03] + BEL(X=u,)(Y-11,32] + 3EL(X-p,)2¢Y-y1y) ]

+ E[(Y-uy)2]

- Since X and&lﬁare independent, so are (X-u,) and (Y-py)2, as are

(X=p,02_and-(Y-py). And since EIX-p,] = E[Y-py] = 0, we have
1

[ .
ELCX=p, 2 {Y-py)2]

EIX~p, 1E[CY-uyd2) = 0, and

LEL(X=u,)2(¢Y ) ]

]
i

E[(X-pxiéng[Y—uy] . Thus,

E[(Z-pz)3 ELCX-p,)3) + E[{Y-p,)33, and

B = 221 4 ELDY-py)313/00CX0 +UCY) )3 22,
N .

-

-l ‘ ' -
Substituting X+Y for Z and dropp.ing terms that reduce .to zero,

for Kurtosis we have:

-

ELCCX=, )+ €Y=y 2 ) 1/ CVCXD +UCY) 32

B2

(EL(X-p 0T 4 ELCY=py)%] + GEL(X=g1, )2 (Y2502 3/ CUCX) +UCY) 32

N SN _\.‘ /r\‘ -‘
(c) The Sym of a Triarqular, and a Normal Variable

i

Kristofferson ﬁl??é) proposed that efferent latency variability

(ECCX=p, 0% + EL(Yepy)*] + 6U(X)v(YQ3<:?(X)+U(Y)}2.

could be described as normal and that the synchronization latency
distribution was the‘gonvolution\ef independent triangular and normal

A
variables. Hopkins (1982) originaT{y used the logistic as an T
)

approkimation to the normal, thoqghl{he logisticfkurtosis is

substantialliy larger than the normal’s. From the equation above, the
Kurtosis coefficient of this distribu}ﬁg? is (\*;ff
B = (2.4¢%/36 + 30% + qig2}/{q2/6 + g2)2,

This has a minimum of 2.4 when the normal variance is zere and
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a maximum of 3 when the triang&lar variance 18 zero, It increases
_— \J H

monotonically between these two extremes. (I have checked this by
' - N : v{_\
exiﬁining the higher derivatives of the function.)
—

- 1 :
The Kurtosis coefficients of the present data were qgenerally
i
larger than 3. In all’gj_the experiments, averages acrogs 3 sessions

of the Kurtosis coefficients were almost always larger than 3. This

distribution does not descnibe‘iii\iijjipk data. =
- ’ ) - i

¢d) Convolution of a Triapgular and a Logistic Variables

HopKins {1982) derived the dinsity and distribution functions -
of this convolution. Unfortﬁhateiy.rthére were two copring e;rors in
his final equatighs for the cumulative distribution function. The
integrations invelved were not easy, so a final’ corrected formula
should be made available. [ have checked the following expressioﬁ with
him (HopKins, personal cnmmunication{ November 1, 1982) and by
simulation, Let Z be the convolution of tﬁe two uériables and F(2) bq.
its cumulative djst}ibution function, Then, in the notation of HopKins

(1982), . 0 )

 F<z) =1 + A+ B+ C, where

A= <k/wz>f1n<1+é}pc§a-z)/k3dz

B = (ijhi)Iln(1+;xb{(2w;;;z)/k}dz, ang-

C = (2Zk/w2)fin(l+explwta-z)/kidz » | . o
Transtating notations, w = q, the.quantum—sjfi, a ig/&he

o
logistig mean,/and k =§I§b/ﬂ, where b'is the logistic standard (f
o . // - C '.
deviatio:§t/For evajuation of ?ﬁb integraT!T’see Hopkins (1982, p.
2511,

p——
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The variance of this distribution is b2z + qg2/4. It is

symmetrical. From the formula above for the Kurtosis of a sim of two

variables, we obtain o ' ‘
By = 2.4(g% + 43b% + 15q2b2)/(q2 + &bz)z.

For later refeﬁence, the fourth central moment can be obtained

by muitiplying the Kurtosis by the square of the variance of the

convolytion, - 1t -is S !

My = (q%.+ &3b%Y + 1592b2)/135.

The Kurtosis is between 2.4 (when the logistic variance is

("

zero) and 4.2 (when the triangular varjante is zero). Let V(T) be the

triangular variance and V(L) be the logistic variance. The Kurtosis of
P )
the convolutionvis a sirictly monotonically increasing function of
L 3

VL) /(VCTY+VCLD Y, The Kurtosis is independent of scale. That is,
suppose that you multiply ¢ and b by a non-zero constant, c. The

variances Y(T) and V(L) will sach change by a fattor of cz. (If

VU(T) was the variance before multipliication, the ‘new variance is

c2VU(T>.> The numerator and denominator of the expression for
‘ o N

Kurtosis both change by a factor of c% and this constant factor

>

divides out. \The Kurtosis depends only on. the relative values gt V(L)
and U(T). 16 UCLI/Z{UCLI+UCT)) is constant, so is the Kurtosis,
whatéuer the value of V({L). Y

In Chapter 3 1 tabled (Table 3) Some exampfes o+ the Kurtosis

RS .

of the lbgi%tic-p]us-triang]e convolution as a function of

UCLI/ZCUCLY#UCTY ) Cwhich T called b2/U there). The values were

.

obtained by 5ettin§ V(L) to an arbitrary constant (100, except when the

ﬂj¢iatib was Qry, adjusting V(T) to othin ratios of 0.1, 0.2; etc., and

v - /s .
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4

computing the Kurtosis from the formula above. Since the.Kurtosis is

independent of scale, any other values of V(L) would have yielded tﬁg’

l

i i

same results. \\\,///

In Chapter 4 1 estimated logistic variances of Kristoffersonfé

3

{1974) datat+r0m Kurtosis coefficients and overall variances of thé

latency distributions, This was done iterég}uely. The Kurtosis of the
lugistic-plus-tnianglefcqnuolution is strictly monotonically increasing
with VL) /{VCLI+U(TY ), By.uirtqe of‘monotonicity, there is a
one-to-one re]atioﬁship between Kurtosis and this variance ratio. I
wrote a short compﬁter pregram that tried different u;riance ratios
until it found one thét yielded a Kurtosis value extremely close to the

sample Kurtosis, This _rielded,, then, an estimate of V(L)/{UCL)+VU(TY),

According to HopKins’ model, nchronization latency variance is

"

VCLY+UCTY, the variance of logistic variable plus that of a
triangular variable, so by m Itipinng the estimated ratio

VCLI/{V{L)+V(T)} by the response latency variance (V(L)+U(T)), we

obtain an estimate ofagiti, the logistic variance,
The estimate f V(L) so obtained is 2 "method of moments”

estimate:. This is an old and intuitively reasonable procedure but
there is no guarantee that it is unbiased and such estimates, when they
invoive high moments, are often quite variable. Hopkins (1982)
provig?d-kurtosis coefficients, sample uariances,.and minimum
chi—sduare estimators of the logistic variances of some distributions,
He provided me with a few further groups of estjmates fpersona]
communicationy, [ éompared his estimates with.those obtained in the

way outlined above. The two estimation procedures yielded different
' .
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values for the lbgistit variance but there was no tendency for one to
oA —J '
yield hiy values than thesother. Minimum chi-square estimation may

{or, gtven Ahe flatness of its parameter space, as discussed in Chapter

(] =

3, may not) yield lower variance estimates of the logistic variance but
it aprears that with samples of 1500 observations 15 sessions) the two
estimation procedures will\pn average vield the stﬁe estimates. (The

. ’ . (: .

sample size is importga\;because the bias of a coﬂsistent estimator

L . ‘
diminishes as the sampie\§ize increases. The dibktributions chosen from

o

Kristofferson (1976) all involved at le essions,?

h

(e) Timing From WS or Frem PI

First, suppose §pat the subject times from P11, Let random
vahiablé‘ZP} be the interval between Pl onset and the cbmpletion of the
response ana\suppose fhat 2P1 is distributed as the convolution of two
independent random variables, ome logistic, thé other trighgu]ar. Let
the duration bf the interval betweéﬁkthe Bf+set of the warning stimulus
(WS) and the oﬁset of Pl, i.e. the foreperiod duration; be represented
b; FP. FP is geoﬁetrica]]y distributed with a Known parémeter. l
Becéééé timing un{is were | msec on the PDP-8 and .2 msec on the Apﬁle;
the geometric parameter differed across computers, resulting in very
gnaft‘differeﬁc?s in the shape of the geqmetri; distribution on each
machine. In what follows I will use the Apple values since most
sessions were rup on the Apﬁle.

The interval 4rom-WS 6+fset to the completion of the resp;nse

is the sum of two independent {ex hypothesis) random variables,

ZP1 and FP.
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V(ZPI + FPY = U(ZP1) + U(FP) = q2/4 + b2 + 90,
From Section (b) of this appendix, the symmetry coefficient is
IE, = (EL(ZPI-ELZP13>3] + E[(FP-ELFP])3])/U(iP1+FP)3/2‘

where E[LZP1] and EIFP] are the respective means of ZPl and FP. éPl is

symmetrical so its third central moment is 0, The third central moment
of FP, as tabled in Section (a) of Rhis appendix, is approximately
1708. Thus!

JB1 = 1708/V(2ZP1 +FP)3 /2,

The Kurtosis of the sum of 2P1 and FP can also be found uging'\

the gdﬁeral Kurtosis formula of Section ¢b) and the Kurtosis and 4th

¥

moment of the sum of a logistic and a triangle obtained in Section (d).

e

AT

T * )
The calculations are stqg&%Stforward but l?pser than those for -
Lo : \

-

symmetry. The final result is ’

B = (Q¥443b%+1592b2)/15 + 90¢q2+4b2) + 72904
(b2+q2/6)2 + 180(b2+q2/6) + 8100

This is an unwieldy result. It may be worth noting that I have
checked it ¢and almost all of the others in fhis appendix) by
s{mulation.‘

These are the s@atistifs of the distribution of response
Jatencies obtqinéd i% the subject times exciusively from Pi, with -
logistiE:plus-triangular variability, and if we measure the response
latency from the offset 0? WS. i -//

Now suppose that the subJect.times'from WS oféiii/igstead o%
from Pl onset. Let 2WS represent his response latency;Ai.e. the -

interval from WS offset to completion of the resﬁonse, and suppose that @

2WS is distributed as the sum of a logfstic and a triangular uariable.

~ . S

BN
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(independent), just as we supposed for ZP1. Fina]iy. suppose that the
subJject’s timing is uninfluenced by the foreperiod duration, i.e. that
ZWS afd FP are independent.

I+ we measure ihe respdnse latency relative to Pl in this case,

-

" on each trial we are subtracting the foreperiod duration from 2WS to

ob?ain the fina!llateﬁcy estimate (re Pl): That is, we are measuring
]
2WS - FP,

AN o% the theorems above refer to addition of random variables
rather than to subtraction. It is easy enough to recast this in terms
of addition; Define a new variable, MFP, such that MFP = -FP. For
exam#le, t¥ the foreperiod on a given trial is 99% msec, the value of
MFP‘for that trial iis -999, Multiplication by -! has no effect on
variance or Kurtosis. The variances of MFP apd FP, and their Kurtgses,
are the same. The symmetry coefficients of FP and MFP are the same in

-~
of FP is approximately 1708. The symmetry coefficient of M

>

V(2WS=FP) = V(ZWS+MFP) = b2+q2/4.

absolute magnitude, but they differ in sign. The symmetry }:ﬁfficient

is ~1708.

This formu]a is tdentical to that for'U(2P1+FP)_but I do not i
mean to imply here that the logistic (b2) and trianguiar ig;&&f
variances are identical when the subject times from Pl an when the
subJect_fimes from WS, The values of q and b may differ in the two.
cases. Given thé values of q and b, the expressions for computing
V(2WS-FP> and v(2P1+FP)‘are the same.

Th; symmeéry coetficient for ZwS;FP is —-170B/V(2WS-FP)3 /2
the same as that for ZP1+FP excep{ for the reversal in-sign.

The expressions for Kurtosis of ZPi+FP and ZWS-FP are the same.
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The formulas in this Jection are the basis for most of the
entries in Table 5 of Chapter 4, which described the shapes of latency
distributions when timing was from WS or from P! and latencies were
measured relative to WS or P1. Tabies S and &4 and other sectiops of
'Chapter 4 also made reference to correlations between FP and response
“latency under the two models above. These are dealt with in the next

and final section of this appendix.

“f) Response Latency and Foreperiod Correlations

Suppose that the subject timés from Pl, and let 2ZP1 be defined
as in the pr;uidus Section. ZP1 is triangular-plus-Togistic and is
assumed iﬁdepéndent of FP, the foreperiod duration..

Let COV(X,Y) be the~symbol for the covartiance of two random
variables, X and Y and denote their correlation-by CORR(X,Y). Since
2?1 is'inQEpendent of FP ex hypothesis,

COV(ZP1,FP) = CORR(ZPI,FP) = 0.

It we measureurésponse latencies from WS pffset rather than
from Pl.onseij and co;relate these with foreperioq dur&tion, we are

5 . ' : .
computing the correlation between ZP1+FP and FP. Casting this in terms
P - . . .
of Freund’s theorem 6.4, presented in Section (a) of this appendix, let

Yy = ZP1+FP and let Y, = FP. Then

COV(ZP1+FP,FP)

COV(Y,,Y5)

0xV(2ZP1) + 1xU(FP) + CDU(ZPI,FPS

v(FP)E#D

Thus CORR(ZP1+FP,FP) V(FP)/(V(ZP1+FP)YsU(FP) } 12

i

(VC(FPI/VC(ZP1+FP) 31 /2,
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Now, suppose instead that the subject times from WS rather than
from Pl, represent the subject’s response 1atencyr(+rmn138 offset to”
response completion) by 2WS, ;;sumed to be the sum of a lgaistic and a
triangular variate, independent of FP. Ei hypothesis CORR{ZWS,FP)=0,

I+ we measure response latencies from P! rather t%an from WS,
we are measuring ZuS-FP‘and the correlation of these measured latencies
with the foreperiod durations is CDRR(ZNS-FP;FP)Z Freund’s theorem 4.4
i5 agatn directly app}iﬁab]e, with the same result as above except for

a reversal in sign:

CURR(ZUQ—FP,FP) = (UCFPY/V(ZWS-FP) )1 /2 ,

J ! ~a





