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ABSTRACT

THE EFFECTS OF DURATION, FREQUENCY, AND
LOUDNESS UPON THE REPRODUCTION OF
TEMPORAL INTERVALS

by Leo V. Deal

Interest 1n the nature of time has concerned mankind
for hundreds of years. When the study of time moved 1into
the laboratory in the middle of the nineteenth century,
the manner in which man perceives time was stressed. Since
that time several approaches have been taken in an attempt
to describe man's temporal perception.

Contradictory findings have been reported regarding
the effects of the acoustic stimuli filling a temporal
interval. The purpose of this study was to explore the
effects of duration, frequency, and loudness upon the
interpretation of time. Five durations (1, 3, 5, 7, and
9 seconds), five frequencies (250, 500, 1000, 2000, and
4000 cycles per second), and five loudness levels (40, 50,
60, 70, and 80 phons) were chosen as stimulus parameters.
One-hundred and twenty-five different combinations of
these parameters were possible, and each was placed on
magnetic tape in a randomized fashion. Using the psycho-

physlcal method of reproduction, five normal hearing
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subjects heard the series of 125 stimull and reproduced each
temporal interval by depressing a telegraph key. During the
response the subjJect heard the same frequency and the same
loudness level that was present in the stimulus interval.
The reproductions were transformed into the ratio
AT/T, where AT represents the difference-time between the
stilmulus duration and the duration of the reproduction and T
represents the stimulus duration. When an interval was
overestimated, the ratio was positive; when an interval was
underestimated, the ratio was negative. Each subject judged
different randomizations of the stimull until on two consecu-
tlve days he showed no significant difference between means
and a correlation of at least +.90. The mean of the last
two sesslions was considered as that subject's score for each
partlicular combination of duration, frequency, and loudness.
An F-Max test 1ndicated that there was a lack of
homogeneity of varlance for each of the three stimulus
parameters; however, the finding that heterogenelty of
varlance does not necessarily adversely affect the results
allowed the experimenter to treat the data by an analysis
of variance. It was found that neither frequency nor
loudness had any significant effect upon the ability of
subJects to reproduce durations. There were no inter-
actions between or among the three stimulus parameters.

The only variable that affected the reproductions was
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duration. Utillizing a critical difference test, 1t was
found that differences existed between every possible com-
bination of durations.

On the basis of the results it was concluded that
neither frequency nor loudness of a stimulus affects a
subject's ability to reproduce durations. Reproduction
of temporal intervals 1s affected by the duration of the
stimulus. On the average, the durations of one and
three seconds were overestimated and the durations of seven
and nine seconds were underestimated; the five second in-
terval was nelther overestimated or underestimated.

The curve representing the ratio AT/T is relatively
llnear from a positive ratio for one and three seconds
through an indifference point near five seconds to a
negative ratio for seven and nine seconds. It was con-
cluded that Weber's Law did not hold in this study.

The obtained indifference interval of 4.90 seconds
fell very near the middle of the range of durations used,
a fact indicating there was a central tendency factor
functioning in thils experiment. It was also found that
serial position in the series had no effect upon the
reproductions of the stimulus durations.

On the basis of the results, recommendations were

made for further research.
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CHAPTER I
INTRODUCTION

The problem of the nature of time 1is one that has
confounded and confused manking for centuries. Upon
surveylng the literature on time, one 1s amazed by the
contradiction and confusion that exist. Sturtl states
that authors discussing time from different fields have
hampered or even 1gnored each other; this leads to more
confusion. One popular expression states that "Time
stood still;" but another suggests that "Time walts for
no one." These are extremes that are also to be found in
the literature regarding the nature of time. The con-
fusion over the nature of time 1s not surprising, for
studles of time have come from many different fields.

Gilliland, Hofeld, and Eckstrand2 point out that the
phllosopher 1s interested in the nature of time, the
physlcist and the astronomer are interested in the accurate

measurement of time, the daily worker 1s concerned about

lMary Sturt, The Psychology of Time (New York:
Harcourt, Brace and Company, 1925), p. 1.

2A. R. Gilliland, Jerry Hofeld, and Gordon Eckstrand,

"Studies in Time Perception," Psychological Bulletin, XLIII
(March, 1946), p. 162.




the time-clock, the athlete 1s interested in competing
with the clock, and the aviator must be concerned about
time in his maneuvers. One could add more areas in which
the study of and an interest in time are important. The
psychologist, of course, 1s interested in how people
respond to time. The soclologlst 1s interested in what
people do with thelr time, especially the teen-ager and
the aged.

The general population, even though people may not
have stopped to consider 1t, 1s greatly influenced by time.
Some people are compulsive about arriving at their desti-
nations on time; some are never late for an appolntment.
On the other hand, some people never seem to be concerned
about adjusting to the time of others; they seem to have
little concept of "being on time."

According to Fraisse,3

philosophers studying the
origin of the idea of time have concluded that it comes
from change. He then asks an interesting question: What
changes? Our sensations or our thoughts? The answers to
these questions are going to be different depending upon
who answers them.

Rhythmic change can also give us some concept of

time. Fraisse reminds us that sclentists have been studying

lPa.ul Fraisse, The Psychology of Time, trans. Jennifer
Leith (New York: Harper and Row, Publishers, 1963), p. 3.

2

Ibid., p. 2.



perlodic phenomena--such as day and night, the lunar cycle,
the annual recurrence of seasons--for thousands of years
and trying to relate them to each other. We are reminded
that people are stlll perfecting methods of measuring time
and that reform of the calendar 1s on the agenda of the
United Nations.

One method for measuring time that has been used for
centurles has been 1n the earth's rotation. Bell and Bell
explain the process:

One complete rotation of the earth can be exactly
determined by recording the instant a certaln point
on the earth--such as the meridian at the Royal
Observatory at Greenwich, England, or at the Naval
Observatory in Washington, D. C.--passes under a
- certaln star on one night and again on the following
night. The interval between two passes defines
one revolution of the earth, or cne day. This inter-
val of time can then be theoretically divided into
86,400 equal parts, each of5which represents the
length of a second in time.

These authors do pecint out, however, that the earth
1s not a reliable timekeeper, for it may gain or lose small
fractions of time. The reason for this lack of stabllity
1s that the earth tends to wobble on 1its axls of rotation
and the speed of the earth 1s not constant as 1t moves 1n
its slightly elliptical orbit around the sun.6

This 1instability of the earth has caused the Inter-

national Bureau of Welghts and Measures to discuss the

5Thelma Harrington Bell and Corydon Bell, The Riddle
of Time (New York: The Viking Press, 1963), pp. 73-Th.

Ibid.



adoption of a new official standard for measuring a second.

A recent popular article7

points our that a second used to
be 1/60th of a minute, or 1.3600th of an hour, of 1/86400th
or a day. These measurements are made with the assumption
that the earth rotates on its axis once every 24 hours.
The unevenness, the erratic spin of the earth has caused
the earth to speed up, to slow down, and then to speed up
agailn. Since the physical measurement of time cannot be
rellably determined, 1t 1s not surprising, then, that the
measurement of psychological time 1s also difficult to
measure.

The exactness of the physical measures of time
would probably lead most people to belleve that we are
close to the determination of what time 1s. There is
one slight problem, however: Bell and Bell tell us that
". . .neither clock nor calendar really represents time
1tself. These two 1nventions are only a means of reckoning
and recording the passage of time."8 We would have to
agree that these are only representations of time, for

certainly man felt the passage of time long before there

were lnstruments to measure 1t. Cohen9 states that primitive

7Time, September 11, 1964, p. 85.

8Bell and Bell, op. cit., p. 12.

9J0hn Cohen, "The Experience of Time," Acta Psychologica,
X (1954), p. 211.




peoples customarlly measure time in terms of soclal events
and tasks, not in units of duration. He stresses that the
value placed on intervals of time varies with social or
economic pressures.

Is time, then, something that can be measured? Is
it an obJective phenomenon? Or 1s it, as Sturt suggests,
a "concept which is built up through individual and racial

experience‘?"lO

If it is, then time 1s subjective, something
that 1s created in our own minds, not something that ob-
Jectively exists. Weber also discusses the problem of sub-
Jective and objective dichotomy of time:

The accurate and highly developed physical instru-
ments which are to be had for the measurement of time,
for example, afford us a useful method of approaching
problems of experiential time. The danger of thils
dichotomy lies 1in the tendency to assume unwittingly
that objective time alone 1s real and to disregard the
conditions of experiential time which give Eise to the
deviatlions from the objective time schemes.

In his excellent review of the literature Weber points
out that the Newtonlan concept of time was that there was
one homogeneous and impersonal duration--a mechanistic idea
of time. Other scientists have rejected the 1dea of a
mechanistic time and assume a "multiplicity of durations,
each flowing at a different rate from one individual to an-

other, and at different rates under different conditions....’

lOSturt, op. cit., p. 2.

11Alden 0. Weber, "Estimation of Time," Psychological
Bulletin, XXX (March, 1933), p. 235.

12

Ibid., p. 235.



Empirically, 1t would seem that we would have to
rejJect the mechanistic view of time. Sturt13 feels that
time 1is part of our adaptatlion to our environment; yet men
often want to be free from this connection with external
objects. One does not have to look far to see how differ-
ent people adapt differently--in terms of time--to their
environment.

Bell and Bel1l”

state that human belngs have different
tempos of living. The tempo of life even varies in an
individual during his lifetime. In addition, life tempo
varles among the races. It has been demonstrated medically
that the average metabolic rate among Orientals is lower
than the average rate among Caucaslians. Interestingly
enough, metabolic rate seems to impose a pecullar tempo
upon each 1ndividual: some indivliduals are deliberate,
some are lelsurely, some are lively and brisk. Each may
be equally efficlent, but they do live and perform at
different tempos.

Introspection confirms what many authors have described
regarding the individualistic nature of time. Fraisse15 has

observed that periods 1n the recent past may seem longer

than equal periods in the more distant past. Yesterday may

13sturt, op. cit., pp. 143-150.

145611 and Bell, op. cit., p. 91.
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have a longer duration than a day in past years. Franken-
16

haeuser makes much the same observation, viz., that
everyday experience suggests that two time periods of the
same objective length can vary considerably. Time generally
seems shorter when the periods are filled with interesting,
pleasant, or amusing activitlies than when spent in boredom,
anxiety, or discomfort. The more attention given to the
passage of time, the longer the period will seem. The

less attention given to time, the shorter it will seem.
Frankenhaeuser feels the influence of attitude and motivation
is so strong that experimental variables of a non-emotional
nature may be obscured or distorted.

Axel17 says that varlied and interesting experiences
wlll make time seem short in passing, but this same time
willl seem long as we look back. On the other hand, time
that 1s empty of experience seems long in passing but short
in retrospect. A day full of excltement, with no pause,
seems to pass swiftly. On the contrary, a day full of
walting seems an eternity.

Sturt18 points out that within the limlts of human

experlence there are great differences in the power to

l6Marianne Frankenhaeuser, Estimation of Time (Stock-
holm: Almgvist and Wiksell, 1959), pp. 14-15.

17Robert Axel, "Estimation of Time," Archives of
Psychology, XII (November, 1924), p. 7.

18

Sturt, op. cit., p. 10.



apprehend time and to deal with temporal ideas. This
abllity to Jjudge time may vary with the age of the in-
dividual and with the degree of culture of the person
concerned. Even the same educated adult may experilence
time differently on different occasions. A man may ad-
Just to a single time in order to cooperate with others,
catch hls train, and keep hils appolintments; theoretically,
however, thls mutual synchronization does not disprove the
possibility of the exlstence of many individual times,
once time 1s admitted to be subjectlive and not objective.
If, as 1t seems to be, time 1s something that varies
according to the situation and according to the 1ndividual
experiencing a duration, what are those things that affect
our experience of time? What measures can be made that

willl reveal more about the experience of duration?

Purpose of the Study

Taking the view that time 1s subjective, that it is an
individual phenomenon, the researcher set out to study some
of the varlables that might alter a person's perception of
time. Specifically, the study concerns the affects of
three different aspects of an auditory stimulus: frequency,
loudness, and duration.

At the outset the following gquestions were asked:

1. Does the frequency of a tone affect a person's
abllity to reproduce a time interval?

2. Does the loudness of a tone affect a person's
abllity to reproduce a time interval?



3. Does the duration of a tone affect a person's
abllity to reproduce a time interval?

L, Is.there any interrelationship among these three
aspects of an auditory stimulus that might affect
the reproduction of the interval?

In an attempt to answer these questions, the following
null hypotheses were formulated for testing in this study:

1. There 1s no significant difference 1n a
subject's abillity to reproduce temporal in-
tervals of five different durations: 1
second, 3 seconds, 5 seconds, 7 seconds, and
9 seconds.

2. There 1s no significant difference in a sub-
Ject's ability to reproduce temporal intervals
of five different frequencies: 250 cycles per
second, 500 cps, 1000 cps, 2000 cps, and 4000 cps.

3. There 1s no significant difference 1n a subject's
abllity to reproduce temporal intervals of five
different loudnesses: 40 phons, 50 phons, 60
phons, 70 phons, and 80 phons.

4. There 1is a no significant interaction between
duration and frequency in a subject's ability to
reproduce temporal intervals.

5. There is no significant interaction between dura-
tlon and loudness in a subject's abllity to repro-
duce temporal 1ntervals.

6. There is no significant interaction between fre-
quency and loudness 1n a subject's ability to
reproduce temporal intervals.

7. There 1s no significant interaction among duration,
frequency, and loudness in a subjJect's ability to
reproduce temporal intervals.

Importance of the Study

As will be evident in Chapter II, there have been several
studies dealing with the experience of duration; however,
there have been few studles that deal with the effects of the
parameters of an audlitory stimulus, i.e., frequency, inten-

sity, and duration, on the interpretation of time. Weber
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emphasises that "a causal analysis of time perception can
be made only through the discovery of those conditions
that give rise to variations in our experience of ’cime."19
Conslderable energy has been expended by speech and

hearing sclentlsts 1in an attempt to discover the nature of
our lnterpretation of frequency and intensity. Mencke20
suggests that much more research 1s needed to define dura-
tion as an auditory stimulus parameter. A few references

to previous research will illuminate the problem.

Effects of intensity upon duration.--Fralsse notes

the effects of the intensity of the limiting stimull in
unfilled (i.e., sillent) intervals: "In the case of brief
durations, the more intense the stimull (auditory) the
shorter the interval seems. . . .The more intense the
stimulli the denser they appear to be and hence the intervals

seem briefer."21

In the case of filled intervals, however,
the more intense the sound is, the longer it will seem. The

effect decreases, however, as the duration incr'eases.22 An

l9Weber', op. cit., pp. 235-236.

20Eugene Oliver Mencke, "Monaural Differential Sensi-
tivity for Short Stimulus Duration," Dissertation Abstracts,
XXIV (August, 1963), p. 854.

21Fraisse, op. cit., p. 130.

2°1p14d., pp. 130-134.



11

effect of intensity was also found by Hirsh, Bilger, and
Deatherage.23 Stimull were presented 1n a qulet environment
and reproduced 1n noilse; in another instance stimull were
presented in nolse and reproduced in quilet. They found that
the reproductions were longer for stimull reproduced in
nolse. Thils finding was 1nterpreted as evidence of a
relatlonship between perceived time and the level of audi-
tory stimulation. Wallace and Rabin,24 in theilr survey of
the llterature, cite a study by Oleron in which he concluded

that 1f the intenslty of sounds 1s increased during an

interval, the duration would be overestimated.

Effects of pitch upon apparent duration.--In studying

25 found that when sounds setting

unfllled intervals Fralsse
off the 1nterval are of higher pitch, the interval will
appear longer than when limlted by scunds of lower pitch.
He also noted that as the difference 1in pitch of the
limiting sounds 1s increased, the longer the interval seems

to last. In a study by Triplett26 it was found that a

231. J. Hirsh, R. C. Bilger, and B. H. Deatherage, "The
Effect of Auditory and Visual Background on Apparent Duration,"
American Journal of Psychology, LXIX (December, 1956), pp. 561-
574.

2L‘Melvin Wallace and Albert I. Rabin, "Temporal Experi-
ence," Psychological Bulletin, LVII (May, 1960), p. 220.

25Fraisse, loc. cit.

26Dorothy Triplett, "The Relation Between the Physical
Pattern and the Reproduction of Short Temporal Intervals: A
Study in the Perception of Filled and Unfilled Time," Psycho-
logical Monographs, XLI (1931), pp. 201-265.
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sound of high pitch seems longer than a deep sound, but
Cohen, Hansel, and Sylvester27 found the opposite.

Pitch can also be affected by duration. Turnbull?®
found that pitch discrimination was affected by the duration
of the sound, the shorter sounds being more difficult to

discriminate.

Effects of duration upon apparent duration.--Fraisse29

states that longer durations of the limiting sounds of

empty intervals cause the interval to appear longer. Thils
particular author feels that as the amount of time 1nvolved
is lessened, the more accurate one 1s in appreclating time.30
Fralsse does not say at thils point, however, whether he means
accuracy in actual time or in the percentage of time.
Henry,31 on the other hand, found that the shorter the dura-
tion, the fainter the sound, and the lower the pltch, the

poorer the discrimination of duration becomes.

Effects of the content of the interval.--It 1s evident,

then, that some authors have suggested that the type of

stimulus present during an 1nterval alters or affects the

27John Cohen, C. E. M. Hansel, and J. D. Sylvester, "In-
terdependence of Temporal and Auditory Judgments," Nature,
CLXXIV (October, 1954), pp. 642-646.

28William W. Turnbull, "Pitch Discrimination as a
Function of Tonal Duration," Journal of Experimental Psy-
chology, XXXIV (August, 1944), p. 315.

29Fraisse, op. cit., p. 131.
301p14d., p. 213.
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person'a judgment of that duration. It must be stressed,
however, that not all agree that the content of the

interval affects the interpretation of time. Fraisse32 has
sald that, as a general rule, short durations are overesti-
mated and long ones are underestimated regardless of whether
or not the intervals are fllled or unfilled. Creelman,
another recent investigator, questions whether the type of
stimulus used has any bearing upon how a person apprecilates
time. On the basis of his data33 he predicts that detection
of duration differences will increase with signal voltage
only at low signal-to-noilise ratios; thils dependence of our
duration discrimination upon intensity becomes negligible

as the signals are brought well above the noise. He takes
the stand that "duration discrimination depends on sufficient
intensity to mark the time unambiguously; 1t depends on

detectibility but not on loudness."3u

Time factors in speech and hearing.--The duration of

sounds 1s important, even a necessity, in oral communication.

32Fraisse, cp. cit., p. 132.

33Car’leton Douglas Creelman, "Human Discrimination of
Auditory Duration" (Unpublished Ph.D. dissertation, Depart-
ment of Psychology, University of Michigan, 1960), p. 22.

3“0. Douglas Creelman, "Human Discrimination of Audi-
tory Duration," Journal Acoustical Society of America, XXXIV
(May, 1962), p. 592.
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MacDougall,35

among others, stresses the importance of
temporal changes 1n emphasized words. He polnts out the
fact that accentuation lengthens the sound upon which it
falls. Expansions and contractions of duration during
speech vary 1n extent with the intensity of the sounds

used. According to Mencke,36

efficient speech communica-
tion depends upon man's abllity to discriminate changilng
audltory signals over time. He feels 1t 1s important to
investigate human being's responses to changes in the
parameters of the auditory stimulus.

Hirsh, Bilger, and Deatherage37

point to the dependence
of audltory perception on patterns generated in time. 1In
additlon, they stress that adults who have had normal hearing
but lost 1t make two common complaints. One 1s, obviously,
the loss of communication. The other is the fact that 1ife
seems to lose 1ts on-going character.

Since an auditory stimulus must be produced and
recelved in time, the results from a properly planned
serles of experiments might ald in the development of a
test for the ability to perceive duration. Such a test

might tell one more about normal and abnormal reception

and perception of sounds, including speech sounds.

35Robert MacDougall, "Rhythm, Time and Number," American
Journal of Psychology, XIII (January, 1902), p. 88.

36Mencke, loc. cit.

3T4irsh, Bilger, and Deatherage, op. cit., p. 561.
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It 1s not within the purview of this study to devise
such a test. It 1s hoped, however, that 1if differential
effects of frequency, loudness, and duration are noted in
reference to the duration of stimuli, a future study could
be made, the goal of which would be to work toward a
specific discriminatory test that might be added to our

present battery of speech reception and hearing tests.

Definitions

Several terms are commonly employed in the literature
on time and in this paper. These terms and definitions
follow:

Time.--In Webster's Third New International Dictionary

the term time is defined as follows: "a period during
which something (as an action, process, or condition) exilsts
or contlnues: an interval comprising a limited and continu-
ous action, condition, or state of being: measured or
measurable duration."38 This 1s only one of fifteen defi-
nitions and thelr subdivisions. Time, however, is defined
differently by those interested in the different aspects
of time. Bell and Bell discuss some of the different ways
of describing time:
Psychological time. . .1is the time we individually
experience. Public time is assoclated with the regu-

lating and recording of human activities by means of
the clock and the calendar. Biological time refers

p. > iBWebster's Third New International Dictionary, 1961,
* 39 .
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to the rhythms and tempos peculiar to living or-
ganisms--both plants and animals. Evolutional
time represents a long look into the past: an
attempt to construct a timetable for the evolution
of the universe, the earth, and 1life upon the
earth. Astronomical time and mathematical time,

. . .are recognized as pure dimensions. All
these are the "same time." The difgsrences lie

in the way 1in which time 1s viewed.

Gilliland, Hofeld, and Eckstranduo point out that
physiclists will define time as the measurement of the
movement of earth through space. Bell and Bellu1 state
that to the physicist and the astronomer time 1is a
quantlty--a dimension. The psychologist, according to
these same authors, would say that ". . .tlme represents
the order 1n which we experlence events or happenilngs
by means of our senses."u2 Bindra and Waksberg say
that "elapsed time refers to temporal durations as
measured by standard clocks. q"u3

For the purposes of the present study the term time
will be used in the sense of physical time, i.e., measured

duration as reproduced by the subjects.

Tempecral.--In this paper the term temporal will be

used in the adjectival sense "of time."

39Be11 and Bell, op. cit., p. 14.
40

Gilliland, Hofeld,and Eckstrand, op. cit., p. 162.
ulBell and Bell, op. cilt., p. 12.
42Ibid.

u3Da1bir Bindra and Héliéne Waksberg, "Methods and Ter-
minology 1in Studies of Time Estimation," Psychological Bulle-
tin, LIII (March, 1956), p. 157.
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Duration.--Although the term duration 1s occasionally
used synonymously wilth the term time, some identifying
characterlistics may be found in these definitions. Webster's

Third New International Dictionary lists two definitions of

duration that can be considered: (1)"the gquality or state
of lasting for a period of time: continuation in time or
existence;" (2) "a portion of time which i1s measurable or
during which something exists, lasts, or is in progress.”uu
James' definition of duration 1s this: "The unit of compo-
sition of our perception of time 1is a duration. ."45

The term duration in this study will refer to segments
of time that the subjJects are asked to reproduce. In

essence, the standard interval will be considered a duration;

the reproduced interval will be listed as time.

Protensity. Another term used on occasion to denote

a certaln aspect of time experience 1s protensity. Webster

defines thils term as follows: '"the duration of a sensa-
t:!.on."Ll6 Woodrow states that "the duration of which one 1is
aware 1s sometimes called protensity, in order to distin-

gulsh 1t from physical duration."47 Bartley says that "the

AMWebster's Third New International Dictionary, p. 703.

45William James, The Principles of Psychology (New York:
Dover Publications, Inc., 1950), p. 609.

46

Webster's Third New International Dictionary, p. 1823.

N7Herbert Woodrow, "Time Perception," Handbook of Ex-
perimental Psychology, ed. S. S. Stevens (New York: John
Wiley and Sons, Inc., 1951), p. 1234.
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duratlonal aspect of the experlence elicited by a stimulus
1s sometlimes called its protensity, as a term paralleling

1ntensity."u8

Indifference interval.--Throughout much of the study

of time, as will be seen 1n the next chapter, experimen-
ters have often found that some segments of time seem to
be longer than they actually are by physical measurement;
others seem to be shorter. In between the times that are
overestimated and those that are underestimated 1is a time
that 1s neither; this, essentlally, is the indifference
interval. Methods of computing indifference intervals vary
from study to study and from one psychophysical method to
another. Woodrow49 discusses some of the different ways
of defining indifference intervals.

In this study the indifference interval will be
taken as the point at which the ratio of the average

difference-time divided by the actual duration is equal

to zero. It is the polnt where overestimatlion changes to
underestimation.
Time-order errors.--Woodrow states that '"by time-order

error 1s meant the effect due to the temporal order of

u8Howard S. Bartley, Principles of Perception (New York:
Harper and Brothers, 1958), p. 72.

ugHerbert Woodrow, "The Temporal Indifference Interval
Determined by the Method of Mean Error," Journal of Experi-
mental Psychology, XVII (April, 1934), pp. 173-175.




presentation of the standard and the variable."50 Time-
order errors do not have qulte the same meaning in the
different psychophysical methods. For this study, in which
the method of reproduction 1s employed, the term negatilve
error will be used when the reproducticn of the stimulus

1s too short; in this case the stimulus interval 1is

underestimated. The term positive error will be used when

the reproduction is too 1lcng; in thils case the stimulus

Interval 1s overestimated.

Crganizaticn c¢f the Report

Chapter I has introduced some of the concepts and con-
troversles of time perception. Out of these grew the problem
to be studied in this paper, viz., the effects of frequency,
loudness, and duration upon the reproduction of temporal
intervals. Pertinent terms necessary to the study of time
were defined and discussed.

Chapter II consists of a comprehensive over-view of
the previous literature on time and time perception. To be
discussed in this chapter are (1) the theories of time per-
ception, (2) the development of the concept of time, (3) cer-
taln problems in time studies, (4) psychophysical methods in
the study of time, (5) individual factors in time perception,

(6) brain dysfunctions, (7) body functions, (8) the effects

50Woodrow, "Time Perception,”" op. cit., p. 1225.
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of varylng conditions, (9) duration in speech, and (10) dura-
tion and loudness.

Chapter III concerns 1tself with the criterla for
selectlon of subjects, with the experimental apparatus,
and with the experimental procedures. Included in this
chapter will be a discussion of the rationale for the
selection of stimull.

Chapter IV presents the results of the statistical
analyses. These results will be discussed in 1light of
the hypotheses set forth in Chapter I. Comparison will
be made between the present research and past research in
the same veiln.

In Chapter V there will be a summary of the present
study. Conclusions will be drawn on the basis of the
analysis, and recommendations for further research will be

made.



CHAPTER II

REVIEW OF BACKGROUND LITERATURE

Many theorles have been proposed regarding the per-
ception of time. In an attempt to clarify the many theorles,
authors have approached the problem 1n several ways. Some
authors have written about time perception from an empirical
standpolnt; others have studled time experimentally. As
might be expected, the results from the research and intro-
spection have led to conflicting reports as to the nature
of time perception.

Although not all writers would agree on the meaning
of the results of the research, 1t seems clear from the
literature that time perception is not a constant pheno-
menon; varying the conditlions can vary the results. As
experimenters varied conditlions in different ways, dif-
ferent findings were obtained. Several excellent reviews

of the literature on time percevtion are available. Among

51 52

the most complete are the following: Fraisse, Triplett,

51Fraisse, op. cit., pp. 1-343.

52Trip1ett, op. cit., pp. 201-265.

21
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Gilliland and Humphreys,53 Wocdrow, and Weber.55 In his

56 traces the historical aspects of time

book Fralsse
studles and discusses how the study of the nature of time
passed from philosophy to psychology. With the advent of
the new psychophysical methods in mid-19th century, time
research moved 1nto the laboratory. Among some of the
first problems studied were the application of Weber's
Law, the constant errors, and the effects of the content

of the interval. Since then several additional approaches

have been employed in time studiles.

Theories of Time Perceotion

Gl1lliland, Hofeld, and Eckstrand57 have reviewed many
of the theorles of time perception. Older theoriles
suggested a "time-sense," including an internal clock
mechanism. Psychoanalysts have suggested that time per-
ceptlon is some phase of the self. Other theories that

have often been suggested are (1) physiological processes,

53A. R. Gilliland and Dcrcthy Windes Humphreys, "Age,
Sex, Method, and Interval as Variables in Time Estimaticn,"
Journal of Genetic Psychology, LXIII (September, 1943),
pp. 123-130.

54

Woodrow, "Time Perception," cp. cit., pp. 1224-1236.
55Weber, cp. clt., pp. 233-252.
56Fraisse, op. cit., pp. 5-9.

57G11111and, Hofeld,and Eckstrand, op. clt., pr.
164-172.
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(2) strain, (3) internal temperature, (4) movement of the
body, (5) satiation, (6) brain rhythms, (7) drugs and
disease, and (8) individual differences.

58

Cohen suggests that there are different forms of
temperal experlence: duration; sequence; pastness, the
feeling of what has gone before; nostalgia, the changing
effect when experlences recede 1Into the past; sinceness,
the feeling that time has elapsed since the occurrance
of an event; and orientation toward the future. Silnce
each person will probably experience many, if not all,
of these forms differently, the pcint is again made that

59

time perception 1s an individual matter. Sturt stresses
that time perception varles not only from indlvidual to
individual but also within the same individual.

What are those things, then, that provide the
individual with the ability to perceive time? Although
it 1s sometimes difficult to categorize some of the
theories into exclusive divisions, certain features seem

to fit together intc the following theories:

1. Time 1s perceived by a central nervous
system mechanism.

2. A temporal clock mechanism provides a
"time-sense."

3. Time 1s perceived by bodily rhythms.

58Cohen, op. cit., pp. 208-209.

59Sturt, op. cit., p. 1l47.
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4., The amount of change determines the perception
of time.

5. Duration has a "unity of organization."

Central nervous system mechanisms.--Many authors

have tried to explaln the brain mechanism used to Judge
duration and the difference between two durations. A
thorough review of these theorles can be found in

Fraisse.60

One explanation commonly found refers to
brain traces. James states that ". . .each stimulus
leaves some latent actlivity behind it which only gradually
passes away. . . ."61 While we are responding to a
present stimulus, we are stlll hearing the echo of a
preceding stimulus. Certain of these processes seem to
fade more rapldly than others, especially under certailn
condlitions. This effect leads to different time Judgments.
Frankenhaeuser62 states that if two sounds are pre-
sented successlvely, the Impression made by the second
stimulus in the palr will be compared with the sinking or
fading trace of the first stimulus. The result of this
comparison 1is that the second of two equal intervals in

a palr will be Judged as beilng longer. There are

instances, however, when the second cf two equal intervals

60Fraisse, op. cit., pp. 95-105. <

61James, op. cit., pp. 634-635.

62Frankenhaeuser, op. cit., p. 19.
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will be Judged as beling shorter than the first. Franken-
haeuser belleves this type of error 1s typlcally found
when the interval between the two stimull 1s short. This
shortened interstimulus interval may result in ". . .a
temporary decrease in the excitabllity of the sensory
path stimulated."63

According to Postman,su the physlological process
of successive comparison depends upon an electrical
gradient in the brain fileld. Excitation of a peripheral
organ disturbs the equlilibrium in this brain field and
leaves a trace. A second stimulus can thus be compared
to the trace of the first. The after-affect of the
first stimulus fades with time, i.e., the trace "sinks."
Postman states that the longer the time between the first
and the second stimulus, the more the trace will sink.
This would seem to explain what Frankenhaeuser65 had men-
tioned: the longer the interval between the first and
seéond stimulus, the greater the likellhood of having the
second stimulus Judged as longer.

A second common central nervous system theory

hypothesizes that we perceive time by memory images.

631b14.

6“Leo Postman, "Time-Error as a Function of the
Method of Experimentation," American Journal of Psychology,
LI (January, 1947), pp. 101-108.

65Frankenhaeuser, loc. cit.



nO
[®)

Experiments by Nichols66 emphaslze that memory images depend

upon certain rhythmic hablt processes of our nervous system
and our bodily organism. The degree of correlation between
these memories and theilr originals depends upon how valid
our habit processes are. Nichols admits that he does
not know what particular portion of the brain 1s responsible
for memory of these rhythmic hatits. He does feel that
hils experiments demonstrate that when these cells function
accurately, our judgments of time are also accurate.

Although the proponents of the memory-trace theory
feel they have evidence to suppcrt theilr beliefs, not all
authors agree. In fact, Angell67 discusses the memory-
image thecry cf time perception at some length because he
conslders that 1t has had an exceedingly harmful in-
fluence on psychologlical research. Edgell68 ran experi-
ments searching fcr the explanation for overestimation and
underestimation in the comgpariscn of two stimull; but in
separate exveriments designed to find a memory 1mage, she
claimed to find nothing that would support the theory.

In a recent study Creelman also searches for explana-

tions of the neurological processes that help us make

66Herbert Nichols, "The Psychology of Time," American
Journal of Psychology, IV (4pril, 1891), pp. 102-107.

67F. Angell, '"Discrimination of Clangs for Different
Intervals of Time," American Jcurnal of Psychology, XII
(Cctober, 1900), p. 79.

68Beatrice Edgell, "On Time Judgment," American Jour-
nal of Fsychology, X1V (July-October, 1903), pp. 169-170.
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comparison time Judgments. He suggests that perhaps "a
'counting mechanism,' a simple accumulator, could store
neural pulses in reverberatory circuilts or, for that
matter, store an electrical charge due to a chemical

process."69

The temporal clock mechanlism.--From time to tlme

, various authors have tried to explain time perception by
vattempting to find an internal clock. If such an internal
clock existed, there would be a time-sense, Jjust as there
are other senses. Fraisse70 and MacDougall7l both report
on Mach's theory that time 1s a general sense distinct
from the five special senses. Just as the eye 1is the
organ for space perception, the ear is, to Mach, the organ
for the sense of time. MacDougall pecints out, however,
|
that the ear cannct be the sole lccation fcr the process
of time perception; fcr estimation of time 1s not
restricted to auditory experience. It 1s just as possible
to judge the duration of a vlisual stimulus.

72

Fraisse, in hils historical discussion on the

study of time, indicates that authors have suggested that

690reelman, "Human Discrimination cf Auditory Dura-
tion" (Unpublished Ph.D. dissertation), U47.

7OFraisse, op. cit., pp. 80-81.
7lMacDougall, cp. cit., pp. 94-G5.
72

Fralsse, op. cit., p. 161.
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the mid-brain is the locaticn of the tempiral "clock."
It is this regicn that acts as a clock for the organism;
all the main pericdic rhythms (hunger, thirst, sleep,

and sex needs) depend upon the mid-brain. These periodic
vegetatlve occurances may act as a basils for the
experience of time.

If there 1s a human bullt-in clock mechanism,
Renshaw73 feels 1t is not accurate. He trained subjects
in production and discriminaticn of unfilled intervals of
one and five seconds. Thelr errors shcwed that as a
human clock, they ran sliocw by C.2 tver cent.
lief 1n a sgecial

Today few authcrs adaere to tha t

n

b
g%
(4]
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"time-sense;" nevertheless, we often hear the term time-

sense used. What 1is meant by this term, according to

Bartley,7u 1

S that time 1s scmething experienced or that
the human can relate himself to clock time. Although
Bartley feels we cannct make time percegtion the functiocon

feel

.
ct

of a specific tody sen

on

2, he he bedy 1is active

)
w

in a clock-time continuum: "It may be that the very
nature of certain tcdy processses, 1ncluding the activities
of several sensory mechanisms, 1s responsible for the

experilience of time and the atillility of the organism to

73Samuel Renshaw, "An Exprerimental Ccmpariscn of the
Productlon, and Auditory Discrimiration bty Acsolute Impres-
slion, of a Constant Tempo," Fsychological Bulletin, XXIX
(Nevember, 1G632), p. £€55.

7“Bartley, cc. cit., p. €9.
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relate itself to the clock. Just what these mechanlsms

and processes are 1s not yet known."75

Bodily rhythms.--Several bodlly processes have been

mentioned in the literature 1n regard to the perception

76 points out that studles have shown

of time. Fraisse
that animals have some abllity to estimate duration.
These estimates, cf course, are not tased on any symbolic
representatlons nor on intellectual processes. Thils
leads Fralsse to believe that man, too, 1s probably
capable of estimating duraticn on a blologlcal level.
He suggests that it 1s a combination of biological
promptings and constructions of the mind that allows us
to make judgments with surprising accuracy. In hils
review of this theory Fr'aisse77 reminds us that Wundt felt
that introspective sensations could come from the ears and
from feelings of tension and relaxation. These would
give us temporal signs through which we could order them
in time.

In his argument against a special time-sense,

MacDougall78 has said that subjectlve standards of measure-

ment are dependent upon physiological changes. To

"51b1d., pp. 69-70.

~

76Fr'aisse, op. cit., pp. 62-63.

"1p14., p. 80.

78MacDougall, ov. cit., pp. 92-93.
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MacDougall both the forms of aesthetlc apprehension
and the sense of time 1tself depend upon the phases
rhythmical motor impulses. When two intervals are to be
compared, a person willl reproduce them through a motor
process. To him, variations in the tension of the sense
ergans form the basls for the judgment of shert durations.
The rhythms of respiration determine our estimates of
longer durations.

As might be expected, there are some who do not
accept the theory of bodily rhythms as an explanation
for the abllity to estimate time. Nichols79 mentions that
breathing, pulse-beat, and leg swing have all been
suggested as aldlng 1n the estimation of tlme. Nilchols
has polnted out in his obJections that there 1s no reason
why one unconsclous process should dominate as a standard
more than another. In a serles of experlments, WOodrow80
asked his subjects what methods they used to estimate time.
He felt that these introspections did not support the
notion that estimatlon of long lntervals 1s an estimation
of a rhythmical nature. Although the subjJects' reports
did mentlon noticing breathing and serles of thoughts, the
subJects did not have the feellng that there was an uncon-

scious counting involved. Renshaw8l found that his

"9\1chols, op. cit., p. 106.

80Herbert Woodrow, "The Reproduction of Temperal
Intervals," Journal of Experimental Psychology, XII
(December, 1930), p. 494.

81Renshaw, loc. cit.
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experimental results did not fit the theory of time percep-
tion based on kinesthetic cues. He found that subjJects

who tapped with their hands or feet, counted, or made

any phasic movement made poorer judgments than those who

remained still and alert.

Amount of change.--Some investlgators believe that

the appreciation of duration 1s based upon change.
Accordlng to Bartley,82 this concept of change applles
both to external stimull and to body processes. These
Changes then serve as a cue for estimating time. Sturt83
has stressed that although we cannot perceive time
directly as we can taste, smell, or touch, we can perceive
that things change.

Fraisse8u feels there 1s a relationship between
physiological changes and behavicr. Under the influence
of these periodic changes, the organism becomes a physio-
logical clock that provides cues for temporal orientation
both 1n animals and man. This same author feels there 1s
a relatlionship between these pericdic changes and the
movement of the universe. Nature is set off by the tides,

the alteration of night and day, the lunar cycle, and the

seasons. Living organisms have rhythmic changes of the

82Bartley, op. cit., p. T2.

83Sturt, op. cit., p. 8.

84Fraisse, cp. cit., pp. 15-17.
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pulse, the resplratory cycle, digestion, sleep, menstruation,
migrations, etc. Working on the premise that duration con-
sists of nothling other than successive changes, Fralsse has
proposed the following "laws:" "Ary factor which contributes
toward an increase or decrease in the number of changes
cbserved has the effect of lengthening or shortening the
apparent duration."85
James feels that even though we try to empty our mind
of any means of comparing time, some form of changing
process--such as heart beats, breathing, pulses of attention,
fragments of words or sentences--remains fcr us to feel.86
In general, James feels that, in retrospect, "many cbjects,
events, changes, many subdivisions, immediately wilden the
view as we look back. Emptiness, monotony, familiarity,

make 1t shrivel up."87

The concept of unity.--For Bcring,88 duratiocn cannot

be an immedlate experlence slnce certaln physiliological
events must exist pricr tc reporting the experience. He

argues that 1if the term immediate experience means without

lapse of time, it cannct be applied to time. He suggests,

instead, substituting the term continuity for immediacy.

Ibid., pp. 218-219.

6 )
James, cp. cit., p 620.

87Ib1d., p. 624,
88

Edwin G. Boring, "Tempcral Perception and’Operationism,"
American Jourral cf Psychoizgy, XIVIII (July, 1936), p. 521.
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If the perception of time 1s a matter of continulty,
how much time must elapse before one event has ceased and
another event has begun? Sturt89 suggests that there
appears to be an 1lntultive duration that man can apprehend

90

as a whole. Fralsse believes in the exlstence of a

perceived present, that duration that can be apprehended

as a unit,. The 1limit of the present 1s, according to
Pralsse, approximately five seconds. Far more often our
present 1s limited to only two or three seconds. This
particular author feels, then, that an event lasting more
than five seconds is not a unified event but rather the
beginning of a serles of events.

91

James clites research that indicates the spaclous

present may be anywhere in a range from 3.6 to 12 seconds.

92

Reference 1s made by Woodrow to the temporal span of

attention, that time over which stimull may be spread and
vet percelved as present. He suggests that there 1s bcth
a max}mal and a minimal threshold for this span of attentilon.
Kowalsk193 determined from introspective reports that a time

interval must reach a duration of more than 1.5 seconds in

898turt, op. cit., p. 17.
90Fr'aisse, op. cit., pp. 84-93.

91James, op. cit., pp. 612-613.

92Woodrow, "Time Perception," p. 1230.

93Wa1ter J. Kowalskl, "The Effect of Delay upon the
Duplication of Short Temperal Intervals," Journal of Experi-
mental Psychology, XXXIII (September,1943), p. 239.
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order to have a definite experience of duration. In his
review of the concept of unity WOodrowgu believes the upper
limit of the psychological present 1s about six seconds.
Summarizing several investigations, Woodrow concludes

that the range of unity probably lies between 2.3 and

12.0 seconds.

Development of the Concept of Time

Bell and Bell95 feel that primlitive man became
aware of time by the rhytmical changes in nature and in
himself. Man then discovered time could be divided into
three parts: present, past and future. Fraisse feels
that "the birth of the notlon of time 1s no doubt the
result of the experience of successions, of which some
are perliodic and others not, of continuous and discon-
tinuous change, of interwoven renewals and relatively
permanent states."96

In attempting to trace some of the developments
that took place leading toward a time concept, Sturt97

lists three primitive time experiences: (1) the

91‘Woodr'ow, "Time Perception," p. 1230.
95Be1l and Bell, op. cit., pp. 16-17.

96Fraisse, op. cit., p. 1.

97Sturt, cp. cit., p. 1.
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apprehension of an event as having duraticn in time; (2)
the apprehension that an event has occurred before, or
willl occur after, another; and (3) the experience of two
things occurring simultanecusly. Conventional time unilts,
the history of the world, and the abstraction of time are
time experiences of late construction.

Several investigators have attempted to show the
development of the time concept in children. Although

Fraisse98

found that children and adults have exactly

the same feeling that the time of waiting 1s too long

and that the time of effort is never-ending, Sturt99

indicates that children have consilderable difficulty

learning these measures of time. Fraisseloo has provided

a chronology of the understanding and use of terms desig-

nating a precise locatlon in time:
Recognize a special day of the week

Tell whether 1t 1s morning or afternoon

4 years
5
Use wcrds yesterday and tomorrow correctly 5
6
7

Indicate the day of the week
Indicate the month

Indicate the season , 7-8
Indicate the year 8
Indicate the day of the month 8-9
Estimate the duration of a conversation 12
Estimate the duration "since the holidays" 12
Give the time to within 20 minutes 12

98Fraisse, op. cit., p. 238.

998turt, op. cit., p. 85.

1OOFraisse, op. cit., p. 180.
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Fraisse notes that children first become oriented to the
rhythm of everyday experilences. Subsequently they learn
to organize time 1into sequence. Tralning appears to be
important in the appreciation of duration, for this
author101 has found that training children to estimate
duration improves this ability.

Studying the development of time sense in chilldren,

Oakden and Sturtlo2

showed that the growth of the sense
of time was slow. The sense of time seemed to start
around four years and to reach adult level around 13 or
14 years. The most important period for rapid growth of
the sense of time was 11 years of age. Children first
learn the meaning of time words in ordinary use, and their
early concepts seem to be closely related to activities
or concrete experlences. Arranging dates or historical
characters in time was difficult for children.

Children, ages 18 months to eight years, were asked

qQuestions about time by Ames.103

She ncted that learning
of this concept goes from specific to general, e.g., the
children can name some or all of the months before they

understand the concept of the word month. She also found

101rh44., p. 238.

lOZE. C. Oakden and Mary Sturt, "The Development
of the Knowledge of Time in Children," British Journal
of Psychology, XII (April, 1922), pp. 309-336.

103Louise Bates Ames, "The Development of the Sense
of Time in the Young Child," Journal of Genetic Psychology,
LXVIII (March, 1946), pp. 97-125.
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marked individual differences that dco not seem to be
related to intelligence. Ames found that the learning of
certaln time concepts took place at these ages.

Tell thelr age 3
Morning-afternoon 4
When theilr next birthday is 4
What day 1t 1s 5
Days of the week named 5
When they go to bed 5
How o0ld they will be next birthday 5
When they have supper, get up, go to school 6
What time it is 7
What month, season 7
What year 8
What day of the month 8
Months of the year named 8

Springerlou

studied four to six year old chlldren
with no school instruction in their knowledge of the
clock and in their ability to tell time. They were asked
to tell time and to tell about their daily activitles and
about the clock. From the study, Springer felt the
sequence of development was as follows: (1) able to tell
time of regularly occurring activities, (2) able to tell
time by a clock, (3) able to set the clock, and (4) able
to explain why the clock has two hands and how each works.
In a study of the nature and development of the con-
cept of time in chlldren, kindergarten through third

105

grade, Harrison used fifty commonly used terms selected

louDor'is Springer, "Development in Young Children of
an Understanding of Time and the Clock," Journal of Genetic

Psychology, LXXX (March, 1952), pp. 83-96.

105M. Lucile Harrison, '"The Nature and Development
of Concepts of Time Among Young Children," Elementary
School Journal, XXXIV (March, 1934), pp. 507-514.
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from vocabulary studies. The data gathered in the 1lnvesti-
gation indicate that the development of time concepts 1s
correlated with grade development. Harrison feels that

the development of language plays a large role 1n the
development of the time concept.

Smythe and Goldstone106 studled time perception 1n
children ages six to fourteen by asking them to estimate
short durations. A 725 cycle tone was presented 1in steps
of 0.1 second from 0.1 to 2.0 seconds. The subjects were
asked whether the tonal duration was more or less than
one second. These authors concluded that there was a
tendency for all age groups to overestimate the value of
one second. It was found, however, that the varilabllity
of the one-second estimates decreased with age. Chilldren
of six and seven did not improve 1n thelr estimates, but
subJective judgments of a second by children eight through
fourteen and adults did improve with information. Smythe
and Goldstone concluded that children begin to make esti-
mates like adults around the age of 14.

Problems 1n the Study of
Time Perception

In the research on time perception certaln psycho-

physical problems exlist. Among those problems receiving

106Elizabeth J. Smythe and Sanford Goldstone, "The
Time Sense: A Normatlve, Genetic Study of the Development
of Time Perception," Perceptual and Motor Skills, VII
(March, 1957), pp. 49-59.
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considerable attention are the following: (1) Weber's
Law, (2) the time-order error, (3) indifference intervals,

and (4) methods used in judging.

1
Weber's law.-—Henr*y‘07 has complied a fine review of

the literature as 1t relates to Weber's Law and temporal
experlence. Weber's Law can be stated by the formula
A% = C. AS 1s a differential increase in a stimulus, S,
that can produce a just-noticeable-difference, or j.n.d.
In essence. Weber's Law states that the incremental ratio
of the j.n.d. 1s a constant, C, over the entire range of
the stimulus.

Many authors have tried to determine whether Weber's
Law holds for time perception. Fraisse108 reminds us that
Fechner tried to apply Weber's Law to time but found

109

varylng results; Nichols came to the conclusion in 1890

that Weber's Law could not be applied to temporal intervals.
Edgell,llO Mencke,lll and Small and Campbell112 are also
among those who have found that duration does not obey

Weber's Law.

107Henry, op. cit., pp. T734-T743.

108Fraisse, op. cit., p. 1h41.

lOgNichols, op. cit., p. 112.

1M0p4ge11, op. cit., p. 171.

lllMencke, loc. cit.

1125 rn01d M. Small, Jr. and Richard A. Campbell, Tem-
poral Differential Sensitivity for Auditory Stimulil," American
Journal of Psychology, LXXV (September, 1962), p. 404.
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Gilliland, 113

on the otner hand, found that Weber's
Law seemed to be verified for a duration range of 4-27
seconds. Henry noted there was a sharp increase 1n the
Weber ratio at the shortest times used (32 and 47 milli-
seconds); beyond these times there was a ". . .slight
tendency for the Weber ratio to decrease more or less
linearly with increased duration over the stimulus range

studied,”llu

In a second experiment Henry found that
varylng the stimulus Intensity had little effect upon

the results except for a tendency for a somewhat higher
Weber ratio for the lowest intensity used (20 dB). The
result confirmed the trend found in the first experiment:
there 1is a smaller ratio at the longer duration. In
another experiment he held duration and intensity constant
and varied frequency. Henry found a tendency for the
Weber ratio to be highest fcr low frequencies.115
Creelmanll6 found that Weber's Law did hold approximately

for duration discrimination but only in some very special

experimental circumstances.

ll3A. R. Gi1lliland, "Socme Factors in Estimating
Short Time Intervals," Journal of Experimental Psychology,
XXVII (September, 1940), p. 255.

llL‘Henr’y, op. cit., p. 737.

131p14., p. 739.

116 ‘ . .
Creelman, "Human Discrimination of Auditory Dura-
tion," Journal Accustical Society of America, p. 592.
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As can be seen from the preceding paragraphs, Woodrow
is close to the truth when he says that "on the whole, the
data are rather indeclsive as to whether a Weber's Law
relationship holds for intervals beyond 4 sec. or not.

They do establish, however, that there 1is on the average
very little change 1n the relative varliabllity beyond

y sec."117

The time-order error.--Frankenhaeuser describes the

concept of the time-order error in psychophysics as
follows: "The difference between subjJective and objective
equallty induced by the order of presentation 1s desig-
nated the time-order error. When, for example, two
objeatively equal stimull are compared, the first stimulus
in the palr will usually seem less than the second. In
this case the time-order error 1s negative, whereas when
the first stimulus 1s judged the greater, the error is
positive. Time-order errors occur in both directions,
positive and negative, but the negative errors are by

far the most common."118

119

Woodrow states that when two intervals are com-

pared, a negative error exlsts when the second of two

117Woodr'ow, "The Reproduction of Temporal Intervals,"
p. U493.
118Frankenhaeuser, loc. cit.

119Leo Postman, "The Time-Error in Auditory Percep-
tion," American Journal of Psychology, LIX (January, 1946),
p. 193.
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equal intervals is judged to be longer (the first, there-
fore, 1s conceived to be underestimated). A positive
error results when the second 1s judged shorter (first
therefore overestimated). When the intervals are repro-
duced, errors are called negative when the reproduction
1s too short (stimulus interval 1s conceived as under-
estimated) and positive when the reprcductions are too
long (stimulus interval conceived as overestimated).

In discussing the effects of the time interval
between the two stimull in a pair, Kreezer120 says that
as the time interval between the two stimull increases,
the size of the negative time-error tends to 1ncrease.
When the interval between the two items of a pair decreases,
there is a tendency for the second stimulus to be reported
as less intense than the first. This would result 1in a
positive time-error. P:stmanl21 also indicates that the
slze of the 1nterval between the twc items of a pair will
affect the judgments cf cverestimation or underestimation;
however, he reports that time-erros are related to the
particular experimental conditions in which the comparison

Judgments are made. Needhamld2 states that with an interval

12OGeorge Kreezer, "The Neurological Level of the
Factors Underlying Time-Errors," American Journal of Psy-
chology, LI (January, 1938), p. 18.

121Leo Postman, "The Time-Error in Auditory Percep-
tion," American Journal of Psycholcgy, LIX (January, 1946),
p. 193.

122J. Garton Needham, "The Time-Error as a Function
of Continued Experimentation," American Journal of Psy-
chology, XLVI (October, 1934), p. 558.




43

of approximately three seconds, the time-error is small
or absent. When the 1interval between the two stimull is
between 3-12 seconds, the time-error becomes increasingly
negative. When the interval 1s brief--from0-3 second-~

the error is positive.

The indifference interval.--An excellent review of

of the literature on the 1ndifference interval can be

123 It was Vierordtr who first stated as

found in Woodrow.
a law that short intervals are overestimated and long
ones underestimated. This law carries the implication
that there are some intervals that are nelther over-

estimated nor underestimated; this intermediate length

124 To state 1t

is called the indifference interval.
another way, the polnt where the time-order error 1s zero
1s the indifference interval.

125

Woodrow disagrees with the conclusion that
seems to be generally held regarding the indifference
point, viz., there 1s a human tendency to overestimate

short intervals and to underestimate longer ones. He

123Woodrow, "The Temporal Indifference Interval
Determined by the Method of Mean Error," pp. 167-188.
121‘Woodr‘ow, "Time Perception," p. 1225.

125WOOdPOW, "The Reproduction of Temporal Inter-
vals," pp. 473-474.
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belleves that 1lntervals are estimated only relative to each
other; any constant error made 1s simply an error due to
the order of presentation. A short interval may be under-
estimated 1f 1t 1s the second of a pair but overestimated
1f 1t 1s the first of the palr. Irrespective of temporal
order, a short interval 1s nelther overestimated nor under-
estimated.

Since the average error of estimation 1s zero at
the indifference point, Doehringl26 feels that time esti-
mation 1s most accurate at this point. He reports some
experiments have found no indifference point, whereas
others have found a reversal of the usual trend from over-

127

estimation to underestimation. Stevens reported an
indifference interval between .53 and .87 second; but
where previous 1investigators had found that there was a
tendency for subjects to subtract from long intervals
and add to short ones, he concluded just the opposite.

128 reports that from many studies 1t seems

James
that the interval of 3.4 of a second is the interval of

time most easy to catch and reproduce. Great varlation

126D. G. Doehring, "Accuracy and Consistency of Time-
Estimation by Four Methods of Reproduction," American
Journal of Psychology, LXXIV (March, 1961), p. 304.

127Lewis T. Stevens, "On the Time Sense," Mind, XI
(July, 1886), pp. 393-404.

128James, op. cit., pp. 617-618.
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*n the findings for the indifference 1nterval 1s reported

by WOodrow.129

Findings have ranged from .36 to 5.0 seconds,
but indifference intervals of 0.5 to 0.7 second have been
reported more frequently than others.

Many authors have looked for an explanation for the

variety of findings. Stottl3°

concluded, from a series of
experiments, that the experience of the subjects played a
part in the discrepancles. Clausen131 found that with the
method of verbal estimation, all Intervals used were over-
estimated., With the methods of operant estimation and
reproduction he found that shorter 1lntervals have a
tendency to be overestimated and longer ones underestimated.

132 feels that contextual factors influence

Frankenhaeuser
the results of experiments dealing with the indifference
interval. She states that the point of the 1ndifference
interval varies with the range of stimull used; 1t tends

to 1lle in the middle of the stimulus serles employed.

129Woodrow, "Time Perception," p. 1226.

130Leland H. Stott, "Time-Order Errors in the Dis-
crimination of Short Tonal Durations," Journal of Experi-
mental Psychology, XVIII (December, 1935), pp. 743-744.

l3lJohs Clausen, "An Evaluation of Experimental
Methods of Time Judgment," Journal of Experimental
Psycholcgy, XL (December, 1950), p. 760.

132Frankenhaeuser, cp. cit., p. 21.
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Woodrow133

also reports that 1n a long experiment

the indifference 1interval tends to move towards the average
length of the intervals constituting the whole seriles.

The development of a central tendency 1s one of the most
important conditions affecting the indifference interval,

134 When we prepare to make a

according to Fralsse.
Judgment of some experience, we Jjudge it agalnst what we
expect 1t to be, 1.e., the average. The result 1is that
as subjJects compare to the average, they overestimate
those duratlions that are below the average and under-
estimate those above 1t. The divergence in findings,
Fraisse feels, 1s a result of the different ranges used
by different 1nvestigators; the value of the indifference
zone 1s modified according to the range of duratlions used
in an experiment.

Woodr'ow135 feels some of the disagreement comes
from the use of different psychophysical methods. He
does not feel the indifference interval by the method of
reproductlion should be regarded as the same thing as the
indifference interval by the method of comparison. This

same author reports lnvestlgations that have shown the

opposite of Vierordt's Law; "it follows that, even under

133WOodrow, "Time Perception," p. 1227.
13uFraisse, op. cit., p. 120-122.

13SWOodrow, "The Reproduction of Temporal Inter-
vals," pp. 474-475.
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fixed experimental conditions, there is nc single indiffer-

ence interval valid for all subjects."156

Methods used in judging.-—An:ther’prcblemthat is

‘Present 1n the study of time i1s the way 1n which the sub-
Jects are asked--or allowed--to estimate time. The fact
that not all experimenters give the same instructions to
thelr judges could, and probably would, lead to differing
results. Axel137 allowed his subjects to use any means

of estimation except a watch. He then asked the subjects
to report what methcds they used. They reported the
following methods:

Counted 60 to a minute

Imaglined a seccnd hand moving

Counted on the style of & clock ticking
By a swaying movement

Listening to the heart beat

Regular mcvements of the foct

Just guessed

Made allowance for difflculty of the work
By the amount of enery expended

The quality of thelr work

On the basis of mental strain

12. Compared time with previous tests.

O\W O~ O\ W

3

-
=

Nichols, 138

who served as his cwn subject, reported
that his best judgments were made by paying attention to
the norm during the sample beats ¢of a metroncme; then,

when the rhythm was '"caught," he tried to get himself as

136
137
138

Woodrow, "Time Perception," P. 1226.

Axel, op. cit., pp. 45-46.
Nichols, op. cit., p. 83.
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unconscious as possible, letting the 1dea or habit of
the rhythm run its own course undisturbed. The subjects

133 gave introspective testi-

used by Alvord and Searle
mony that revealed the following methods of time judgment:
(1) judged by muscular strain and relaxation, (2) imagined
an auditory rhythm, (3) imagined motor movement, and (4)
Ilmagined clicks of the key used to present the tones.

These authors found great individual differences in the
methods used. Where the method of straln and relaxation
were used, there was a tendency for the subjects to shorten
the longer intervals.

In two studies \'Joodlf'owlw’lul dliscusses at length
some of the methods subjects used to reproduce durations.
He found that when subjects reproduce intervals in an
automatlic manner, paying no attention to their finger
movements, the reproductions were relatively short. When
the subjects were instructed to reprcduce intervals by

thinking and ccncentrating on their movements, the repro-

ductlions were much too lcng.

139Ed1th A. Alvord and Helen E. Searle, "A Study
in the Comparison of Time Intervals," American Journal of
Psychology, XVIII (April, 1907), pp. 177-182.

lL‘Ovsloodrow, "The Reproduction of Temporal Inter-
vals," pp. U473-499.

lM‘Her'ber't Woodrow, '"Individual Differences in the
Reproduction of Temporal Intervals," American Journal of
Psychology, XLV (April, 1933), pp. 271-281.




49

Gillilandlh?

first allowed hls subjects to use any
method of estimation; on a second trial they were asked
not te count. When subjects were left to thelr own methods,
he found that they invariably resort to some form of
counting. Gilliland reports that Judgments can be almost
as accurate without countling. Accuracy, howevér, is
dependent upon how much attention is paid to the interval.
If subJects give only casual attention and do not count,
they have no adequate cues for judgment. Under these
circumstances subjects made errors that averaged one-half
larger than when they counted. Practice by counting
reduced the errors from 25-30 per cent to 5 or 10 per
eent; practice without counting did not 1improve the
scores.

Although Gilllland belleves that the motor rhythm
of counting problems cues for time estimation, Mac:Dougalllu3
feels that motor movements tend to interfere with the
estimation of time intervals. He found that estimations
were most accurate when the subjects llsten passively.

When motor activity is introduced, the ability to make

exact comparlisons 1s interferred with.

lu2Gillilemd, op. cit., pp. 243-255.

1493MacDougall, op. cit., pp. 90-91.



50

Psychophysical Methcds in the
Study cf Time

In both preceding and following sections 1t will be
noted that several psychophysical methcds have been used
in time studies. A brief description of the most common
methods and samples of each will be presented. Two have
been employed more frequently in recent research--repro-
duction and comparison; these will be discussed last in

greater detail.

The method of estimation.--In this method the

subject 1s given a temporal interval--either filled or

unfilled--and i1s asked to estimate verbally how long he
144

thought the interval lasted. Clausen calls this
the method of verbal estimation.
In a study using this method Sturtl45 asked the

subject to estimate 1n seconds or minutes the time that
& pencll was held 1In the air. Sturt found considerable
irregularity both 1n accuracy and in the comparative
length of the real and apparent time. In this study
there was no constant tendency to judge time as either
too long or too short. It was also noted that practice

did not improve the ability to estimate time.

luuCIausen, op. cit., p. 756.

luSSturt, op. cit., pp. 93-94.
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146 reports a study in which 1t was found that

Urban
subjects using the method of estimatlion tended to use
some numbers more than others. The numerals 9 and 2 were
used most; those numerals next to 0 and 5 were used
least. 1In another study mentioned by Urban it was found
that low numbers tended to be used more than high
numbers. Axellu? also found that there was a tendency
for certain final digits to appear more than others. He
found that the final digit 0 occurred in 42.5% of the
Judgments; the final digit 5 appeared in 29.0%. All
other digits combined were found in only 28.6% of the

Judgments. Even numbers comprised 61.1% of the judgments;

38.9% were odd numbers.

The method of production.--In this method the sub-

Ject 1s asked to produce a signal--or a silent interval--
of a stated duration glven by the experimenter. Clausenlu8
calls thls the method operative estlimation, to distinguilsh
it from the method of verbal estimation. In this parti-

cular method the term overestimaticn means that the subject

"allows less chronological time to elapse before he con-

siders the stated value as having been reached. Thus,

lqu. M. Urban, "On Systematic Errors in Time
Estimation,”" American Journal of Psychology, XVIII (April,
1907), pp. 187-188.

lMAxel, ocp. cit., pp. 20-22.

lu8Clausen, loc. cit.
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the smaller the elapsed time 1.e., the time produced, the

"lug

greater the overestimation. In one of her studles

SturtlSO

asked the subjects to start a stop watch and then
stop 1t after a certain number of seconds had passed. She
found, as she did in the method of estimation, that there
was no definlite tendence to judge time as elther too long or

too short. Falk and Bindra151

asked subjects to produce a
temporal interval of 15 seconds. They found that both the
experimental group and the control group had overestimations

In the early trials and underestimations in the late trials.

The method ¢f fractionation.--In the method of frac-

tionation a subject 1s presented with an interval and 1s then
asked to produce another interval that 1s half as long as the
standard presented. This method has been used to construct
psychological scales for various functions. The following
terms for these scales have been suggested: veg for welght,
gust for taste, sone for loudness, and mel for pitch.

152

Ross and Katchmar set out to construct a similar

scale for the perception of short time intervals. The

lugJohn L. Falk and Dalbir Binda, "Judgment of Time
as a Function of Serial Position and Stress," Journal of
Experlimental Psychology, XLVII (April, 1954), p. 279.

150

Sturt, op. cit., p. 93.

151pa1k and Bindra, op. cit., pp. 279-282.

1528herman Ross and Leon Katchmar, "The Construction
of Magnitude Function for Short Time-Intervals," American
Journal of Psychology, XLIV (July, 1951), pp. 397-L01.
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psychological term colned by Ross and Katchmar was the chron.

One chron was arbitrarlily chosen as that time experilienced by

the subject when he 1s presented with a clocked interval of

ten seconds. It was found that the standard deviatlions were

small with this method of Jjudgment. The half-judgments were

falrly accurate between five and thirty seconds.

A scale of half-time was also constructed by Gregg,153

only he called his unit temps. One temp was arbltrarlly

selected as equivalent to one second. The duration which

was found to be one-half of one second was 505 milliseconds;

this time was given the value of .5 temp. Gregg found

that subjects were quite accurate in Jjudging halftime.
Fralsse questions the construction of such a scale

for time by stating that ". . .there is little to be

galned from subjective time scales since, allowing for

difficulties connected with the method, the apparent half

of another apparent duration 1s equal to the true half

of the lattero"lsu

The methods of ccmparison.--Two psychophysical

methods of comparison have often been employed in the
Judgment of time: the constant method and the method of
limits. In the constant method a standard stimulus and

& varlable stimulus (one of selected equal-steps above and

153Lee W. Gregg, "Fractionation of Temporal Intervals,"
Journal of Experimental Psychology, XLII (November, 1951),
pp. 307-312.

154

Fraisse, op. cit., p. 145.
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below the standard) are presented as a palr. The palrs
are presented in an irregular order, and the varlable
stimulus usually both precedes and follows the standard.
The subject judges whether the second item of the pair
is more than, equal to, or less than the first.

In the method of limits a standard stimulus and
the varliable stimull are chosen in the same way as 1n the
constant method. In this case, however, the standard
stimulus 1s generally presented first and the varlable
stimull are presented in an ascending or a descending
series. The subject judges whether the varlable 1s
more than, equal to, or less than the standard.

In an experiment employing the constant method
Creelman155 held the standard time constant and varled
the difference time. The results showed that detection
of differences became easier as the difference between
the standard and the variable became larger. In a second
experiment Creelman used filve different standards and
kept a ponstant difference time (0.1 second) between the
standard and the variable. It was found that as the
standard time 1s increased, detection of a difference
between the standard and the variable decreases. In a
third experiment Creelman found that greater signal

voltage resulted in better detection of a difference and

155Creelman, "Human Discrimination of Auditory Dura-
tion" (Unpublished Ph.D. Dissertation), p. 26.
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greater duration resulted in poorer detection. Creelman
concluded that duration discrimination depends on the
detectabllity of the signals, because there may be an
uncertalnty as to the starting time when the slgnal level
is low. When the signal level 1is loud enough to be
easlly detected, the effect of signal level on duration
discrimination becomes negligible.

156 124

Using the method c¢f constant stimull, Shaefor
subjects listen to palirs of randomly arranged continuous,
warbled, and pulsed tones. In this study subjects required
a duration difference of at least .28 second in order to
detect a difference in warbled tone, a duration of .48
second for contlinuous tones, and .51 second for pulsed
signals. The face that the pulsed slgnals apparently
interferred with judging duration differences would seem
to discredit the theory that some form of rhythmic stimuli
alds in judging duration. Shaefor found that her subjects
had greater difficulty in discriminating short tones than
long tones. In addition, she found a positive time-error--
the second of the two intervals tended to be Jjudged as
shorter. She attributes this finding to the fact that her

stimull were not counterbalanced; the standard was always

presented first.

156Patricia Shaefor, "A Study of the Perception of
Duration of Continuous, Warbled, and Pulsed Signals" (Unpub-
lished Master's thesis, Michigan State University, Department
of Speech, 1963), pp. 32-33.
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In a study empioying the method of limits Small and
Campbell157 used fcur standard durations, seven variable
durations around each standard, four different interstimu-
lus intervals (the duration between the standard and the
variable), and three frequency levels. All stimull were
presented at 50 phons. These authors found that the
ratio 5% increased markedly as duration was shortened,
i.e., discriminaticn deteriorated. The size of the inter-
stimulus interval had more effect as the duratlon was
shortened; as the interstimulus interval was shortened,
discriminaticn became poorer, but interstimulus interval
lost its effect as duraticn was lengthened.

Mencke158 investigated the ability of normal hearing
subjects to discriminate small changes 1n duratilons.

Three frequencles (250 cycles per seccnd, 1000 cps, and

L4000 cps), two sensation levels (10 dB and 50 dB), and

fcur reference durations (40 milliseccnds, 60 msec., 80
msec., and 100 msec.) were emplcyed. It was found that
subjJects differed in their ability to discriminate changes
in signal duration. It was ccrncluded that the magnitude

of the difference limen for short auditory stimulus duraticn

depends on the stimulus frequency and intensity and on the

duration of the reference stimulus. Short stimulus duraticn

157Small and Camgbell, op. cit., pp. 401-410.

158Mencke, loc. cit.
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difference limen resembled the difference limen at low

159 used the same

frequencies and intensities. Milburn
frequencies and sensation levels as Mencke but lengthened
the durations to 300, 500, ard 1000 milliseconds. He con-
cluded that the magnitude of the relative difference

limen of pure-tone auditory stimuli 1s related to duration

of the reference stimulus and to sensation level but 1is

not highly dependert upon the stimulus frequency.

The methcd of reproduction.--Althcugh variatilons

exist, the usual method of employing this procedure 1s to

present the sutject with a given interval of time, either

a silent interval or an interval filled with scme stimulus.

The subject 1s asked to reproduce this temporal interval.
Spencerl6O studied reproduction 1in thls manner: the

experimenter gave a sharp rap on the table with a ruler

setting off four intervals (of 15, 30, €0, and 100 seconds);

the subject reproduced the intervals by starting and

stopoing a stop watch. Spencer noted that in the course

of the experimernt, subjects occasionalliy lcst track of the

interval or became distracted so that certain responses

lsgBraxtcn Miiburn, "Differential Sensitivity to Dura-
tion of Monaural Pure-Tone Auditory Stimulil," Dissertaticn
Abstracts, XX1V (Decemcer, 1963), p. 2578.

l60Llewellyn T. Sgpencer, "An Experiment 1n Time Esti-
maticn Using Different Interpolaticns," American Journal of
Psychology, XXXII (Octcber, 1921), pp. 557-562.
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were abnormally shorterned or preolonged. (Such reactions
might be expected when the concept of "unity" 1is considered.)

Edge11161

found the individual subject's favored in-
terval fcr reprcduction. Intervals abcve and below the
favored interval were then presented. It was found that
periods that were longer than the favcred interval were
underestimated; those shorter than the favored period

were overestlimated.

In cne of hils cstudies WOOdPOWl62 rresented empty
intervals bourded by two impact sounds. Each subject
heard intervals ranging from 0.z tc 30.0 seconds and re-
produced each fifty times by tapping on a key twice--once
to tegin the 1interval and once to end i1t. The subjects
were told not to count and nct to make any movements of
a rhythmical nature. They were to avoid payling attention
to ktreathing. In hls summary Woodrow stressed that the
errors found revealed the follicwing:

l. There was no universal tendency for long inter-

vals to be underestimated or fcr short ones to
be overestimated.

2. Some subjects underestimated short intervals
arnd overestimated locng ones. Scme did the
reverse; some overestimated all 1ntervals.

3. Subjects sometimes cverestimated an interval cne
day and underestimated 1t the next.

4, A difference in attitude of the subjects could
bring about a reversal in the sign of the errors.

161Edgell, cp. cit., pp. 154-174.

l6‘WOodrcw, "The Reproduction of Temporal Intervals,"
pp. 473-499.
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He fcund that the variability was smaller for shorter 1inter-
vals than for longer ones. There was, on the average, very
little change in the relative standard deviations for inter-
vals of six seconds and beyond; there was a marked 1ncrease
in variability between 1.5 and 4-6 seconds.

163 used the same

In a similar experiment Wocdrow
method but used a range of intervals from 300 to 4000 milli-
seconds. By having different groups of subjects reproduce
each interval, he overcame the prcblem of central tendency.
When reproducing the shortest interval, 84% of the subJects
made reproducticns that were tco long; 73% of the subjects
showed negative errors when reproducing the longest interval.
The change from a positive to a negative error occurred
between 600 and 700 milliseconds. The value obtained by
interpolation for the indifference interval was 625.3
milliseconds.

Hirsh, Bilger, and D(—:'a‘cher'agel&4 asked subjects to
reproduce the duration of a stimulus, either a tone or a
light, that was presented to them. Ambient conditions of
light or dark and quiet or nolse were controlled by the
experlimenter. Four comblnations of ambient conditions
were possible: 1light and quliet, light and noilse, dark

and quiet, and dark and nocise. These authors found that

163Woodrow, "The Temporal Indifference Interval Deter-
mined by the Method of Mean Error," pp. 167-188.

l6“H1rsh, Bilger, and Deatherage, op. cit., pp. 561-574.
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the duration of 1, 2, and 4 seconds were, on the average,
overestimated. The longest duration of 16 seconds was
underestimated. The duration of eight seconds, one-half

of the range, would be what has traditionally been called
the indifference interval. When the conditions remailned

the same during toth the stimulus interval and the

response interval, no difference was found between responses
made under conditions cf quiet and thcse of noise nor any
difference between responses made in light and those in
dark.

Later the experimenters varied the conditicns from
stimulus to respcnse. In this analysis they found that
responses made 1n noise to a tone or light presented 1n
quiet seemed Longer than a response made in quiet to stimulil
presented in noise. As they changed the visual conditions
from dark to light or from light to dark, the results were
nct significantly different from those cbtained under the
control conditions. They ccncluded frem this that changes
in the acoustic background effect changes in the apparent
duration cof stimuli, whereas changes in the visual back-
ground do not.

With this finding as a hypothesis they presented
different loudness levels between the original quiet con-
dition of 30 dB and the original noise condition of 90 dB.
These data showed again that the duraticn of a response in

noise following stimulation in gquiet is greater than the
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duration of a respcnse in quiet fcllcwing stimulation in
noise. As the difference between the nolse levels de-
cfe;sed, the differences in the resgonses decreased.
These authors summarize by saying that since the apparent
duration seems to depend upon the level of auditory
stimulation and not upon the level of visual ambient
stimulation, there 1is probably a strong relationship
between psychological time and the level of auditory
stimulation.

Kowalski165

controlled the period of time between
the end of the stimulus and the beginning of the subject's
response and found that 1t was the stimulus durations and
not the delay intervals that were the significant factors
in the overestimation or underestimation of time reproduc-
tions. As the stimulus duration increased, the per cent
of estimation decreased. There was a slight but insignifi-
cant tendency for estimations to teccme more accurate with
the 1ncrease in the length of the delay intervals. (These
findings would not support the theory that memory traces
supply us with a means of Jjudging time; for 1if that were
so, the longer the delay intervals, the less accurate
would be the judgments.)

As might be expected, these different psychophysical

166 ha

methods do not produce the same results. Fralsse ]

165k owalski, op. cit., pp. 239-246.

l66Fraisse, op. cit., p. 212.



stated that studies have shown that there 1is little, if
any, correlaticn among the methods. Although Woodrow
believes that results from the different methcds cannot

be ccmpared, he teels that '"the greatest accuracy for both
discriminaticn and reproduction lies between the range

extending from 0.2 to 2.0 seconds."l67

el68 the error 1s less by the

Acccrding to Fraiss
method of reprcduction than by that of production; both
methods give smaller errcrs than the method of estimation.
The variability from cne subject to ancther and also
within one subject 1s greatest ty the method of estimation.
This particular authcr feels that the reproduction method
1s the mcst reliable, tut its disadvantage 1s that 1t
only permits the experimenter tc ccnsider short duraticns.

169

Kowalski agrees that the method of reprcduction 1is more

accurate and flexitle than the cther methods.

170

Clausern studied three methcds cf judging time:
verval estimation, cperative estimaticn, and reproduction.
He found that the methcd of verbal estimation resulted

in marked overestimaticn. The methods of reproduction and

l67WO0

drow, "Time Percepticn," p. 1225.
168 .

Fraisse, op. cit., rp. 213-2

16 : -
9Kowalsxi, op. Cit., E. €3

. Ccit 9
l70Clausen, cp. cit., pp. 756-761.
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operative estimaticn resulted 1n underestimation

for 10- and 15-second intervals and overestimation for
a 5-second interval. Accuracy was less by verbal esti-
mation, but there were high correlaticns among the
subtests.

In his discussion of the comparison of these three
psychophysical methods Clausen states that the method of
reproduction involves a different underlying function
than do verbal and operatlive estimation. Although the
method of reproduction produces average Judgments that
are closer to the stimulus interval than 1s the case in
elther of the cother two methods, thls method shows more
instability than the other two methods. For this reason
Clausen prefers both verbal estimation and operative
estimatlion over the method of reproduction. Of these
two, Clausen prefers the method of cperative estimation.

171 found no dif-

In contrast, Hawkes, Balley, and Warm
ferences among the same three methods. Of interest in
this matter is the fact that Clausen used schizophrenic
subjects, whereas Hawkes, Balley, and Warm used normal
subjects.

Obviously, the findings of Fraisse and Kowalskl, who

found that the method of reproduction was rellable, do not

171G1en R. Hawkes, Robert W. Bailley, and Joel S.
Warm, "Method and Modality in Judgments of Brief Stimulus
Duration," Journal of Auditory Research, I (January, 1961),
p. 1l42.
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colncide with the findings of Clausen. Nelther of these
two contradlctory findings agrees with Hawkes, Balley,

and Warm. Several explanations for these different
find{ngs are possible, among them their methodologiles,
thelir instructions, the fillings of the intervals, and

the different lengths of the intervals used. It could
very well be, however, that the subjects used--1n the case
of Clausen's study, schizophrenics--affected the results

obtained.

Individual Differences

Fraissel72

points out that there have been few
studles 1n which the authors did not find marked individual
differences. He feels that the importance of the attitude
of the subjects in the perceptiocn of time must be recog-
nlzed. He proceeds to say that our perceptlons are not
only a function of the nature of the stimull but also of
the assumptions with which we apprehend them. Our
perceptions depend upon previous experience, upon the con-
text of perception, and upon our personality. Such
statements cause Fraisse toc conclude that ". . .control

over time 1s essentially an individual achievement con-

ditloned by everything which determines personality; age,

172pra1sse, op. cit., p. 145.
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environment, temperament, experience. . . . Time 1s a con-
quest strongly marked by the personality of the 1indivi-
dual."173

174

Woodrow has concluded that whether reproductilons

of an interval willl be overestimated or underestimated

175,176 Woodrow

depends upon the subject. In two studiles
kept all of the external condltions constant and found
that the variations between subjects were due to variation
in the ways 1in which they went about thelr task. Wallace
and Rabin177 feel that certain individual differences in
the awareness and judgment of time are due to certain
developmental and experiment al events 1n the organism.
Such a relationshlp, however, between temporal experilence

and personality factors has not yet been clearly demonstrated.

178

Motivaticn and attitude.--Woodrow mentions two

attitudes that can be taken in estimating time: 1n the
objective attitude the subject concentrates upon the

characteristics of the stimulus; 1n the subjective attitude

1731p14., p. 177.
174
p. 490.

175Woodrow, "Individual Differences in the Repro-
ductlion of Temporal Intervals," p. 275.

176WOodrow, "The Temporal Indifference Interval
Determined by the Method of Mean Error," p. 172.

Woodrow, "The Reproduction of Temporal Intervals,'

17Twallace and Rabin, op. cit., pp. 231-232.

178Woodr'ow, "Time Perception," p. 1228.
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attentlcon is centered upcn the experience of duration only.
In a study dealing with the difference between these two
attitudes, Woodrow fcund that glving maximal attention to
the second cof two tones caused an overestimatlion of 1ts
duration. When subJects iistened passively tc the second
tcne', they underestimated its duratilon.

Fraissel79 feels that when there is little motiva-
tion, a subject attends to the various steps of the task;
he 1s easily distracted by outside incidents or by chance
thoughts and may concentrate on the effort involved. When
a subject 1s strcngly motivated, however, he becomes
aovsorbed in the task 1tselr. Under these clrcumstances
the subjects are not aware of the passing of time.

By altering the amount of subtject mctivation thrcugh
controlliing the rate of preogress toward and the distance
from a goal, Meadel8o found that the nearer the goal, the
lower the estimzte of time and that the fzster the pro-
gress, the lower the estimate cf time. In a second study
on moctivaticnal factors Meade181 used longer time inter-
vals but found approximately the same results as in the

earlier experiment: 1n the locw motivatlional grcocups, time

l(gFra;s:e, cp. cit., p. 220.

180 .

Robert D. Meade, "Time Estimates as Affected by
Motivational Level, Gual Distance, and Rate of Prcgress,"
Jcurnal c¢f Experimental Psychology, LVIII (October, 1959%),
Pp. 2(5-¢76G.

l8i

Rceert D. Meade, "Effect -f Motivation zand Frogreses
on the Estimavion of Longer Time Intervals," Jcocurnal of
Experimental Psycholcgy, LXV (Jure, 1949), pp. 327-351.
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CfRem1d J. Flier ard Dorald W. Me:ls, "The Effect
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Jourral of Experimzntszl Psychology, XXXIX (Jurs, 1649),
—_L-\ > Jei-531, o

184,

elen Morris Hindle, "Time Estimstes as a Fanction
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of Personslity, XIX {Septemper, 1050-Ture, 151%
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rsychologlcal test materlial and set 1t up in such a way that
she could control the clezrness of the goal and the scores
made, She came to the conclusion that 1n the early part
of an actlvlity, estimates of time 1ncrease wlith Increments
In the score made, In the latter part of an activity, time
estlimates increase more slowly when there 1s a clearly de-
fined goal.

In a study dealling with success and fallure 1n time

ol
estiration, Hartonlu5 found that for 29 of hils 32 subjects

-

time seered 1

D

ss at successful activity than at faillure.
In another study Hartonl80 zsked some subjects to estimate
how long 1t took them to complete a long maze, a task re-
gresenting "unity of organization." Another group com-
pleted several short mazes, He found that time seemed
less when one gecal was striven for and attalned than when
many gozls were striven for and attzined.

Rosenzwelg and Koht187 asked whether there mlght not
be a significant relationship bestween the presence of 1

tenslon In the mind and the manner 1n which elspsed tim-

185John J. Harton, "An Investigation of the Influence
of Success and Fallure on the Estimation of Time," Jourmal
of General Psychology, XXI (July, 1939), pp. £1-62,

1865onn J. Harton, "The Influence of the Degree of
Unity of Crganlzation on the Estimztion of Tire," Jourrnul
s, s

of Gereral Psychology, XXI (July, 1939), pp. 25-49.

1873541 Rosenzwelg and Aase Grude Koht, "The Experi-
ence of Durations Affected by Need-Tension," Journal of
Experimental Psycholcgy, XVI (December, 1933), pp. 7&--[74.
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sltuation. The authors concluded that this greater
overestimatlon of the interval by the experimental group

w2s due to an anxious set induced by the expectation of

no

shock., Frarkenhseuserid gave her subjects a mild shoc!
and required them to estimate time intervals following the
sheoek, The shock dld not seem to result in anxiety, but
Lt the anticipation of the shock zpparently made the

timez geem long. Sne felt that this increase in appurent
time was czused by the condition of sustained attention
rether than anxiety.

Students of Henriksonld3 hsd mention=d in = sSpeech
class that time seemad long when they were speszking,
especlally 1f they were afrald., These subjects were asked
to estimate a perlod of time 1n which they were doing
rotning. Each then gave an 1mpromptu speech, after which
he cstimated hils speaking time. It wzs found that sug'=0t3

;uidged the non-sctive period as longsr than 1t sctuzlly

wns and Jjudged the speaking pesrioc =8 shorter thon it
setuzlly was, Although differsences were not sigritficurnt,

“hose stusents who felit little stags fright tend=4 “o

wverestimzte thelr speaking time, whereas those with

0u

stage fright tended to underestimate time,

192Frankenhaeuser, op. cit.,, pp. 85-806.

193Ernest H. Henrikson, "A Study of Stage Fright and
the Judgment of Spesking Time," Journal of Applisd Psychology,

XXXIT {(Jctober, 1948), po. 532-238,
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Subjects of Langer, Wapner, and Wernerlz% Judged =
specific time Interval whlile moving toward and away from
a2 precipitous edge. Blindfolded subjects were askad to
indicate an 1nterval of flve seconds by pressing and re-
leasing a button; thls operated the moving platform as well
as the timer. It was found that time was 1ncreasingly over-

estirgated as carger increased.

w
-

Practice effects,--James has stated that "like other

senses, too, our sense of time 1s sharpened by practice."195
196

Saetvelt, Lewls, and Seashore state that achlevement 1n

21l measures on the Seashore Measures of Muslcal Talent

are subject to improvement wlth training. Rhythm and
memory seem to be more subject to such lmprovement than the
four elemental measures of pltch, loudness, time, and
timbre. Research wlth the Seashore tests has shown that
this improvement wilth practice 1s often a result of a chang-

~h

4L 41T

in work method, not in actual spontareous hearing,
work method 1s often 1nfluenced by attitude, division of

-

labtor, tendency to antlclipate, and lazy or indifrzrent

194Jowdc Langer, Seymour Wapner, and Helnz Werrer,
"The Effect of Danger upon the Experience of Time,"
Jourral of Psychology, LXXIV (March, 13961), pp. 94-37.

Amerde o

19%7ames, op. cit., p. 618.

196Joseph G. Szetvelt, Don L=wls, and Carl E. Sezshor:,
"Revision of the Seashore Measures of Musical Talents,"
Unidversity of Iowa Serles on Alms and Progress of R2s=2arch,

—

I\vrox 65 (\\J\,V\)u\"x, l;/'LO)’ P L‘*Oa
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resort to guessing. In & study by ’f*"iplett197 a "musical"

group had less varlability in the =-timstlion of duration

than those subjects who were '"non-n..sical." Such findings

suggest that practice does improve trhe "sense of timz."
Stott198 found that previous experlience 1in comparing

duratlons was an 1mportant factor in determining the tine-

oraer errors and the indifference interval. In this study

1t was found that with nazlve, unprzcticed subjects the

time-order 1ndifference polnt for tonzl durztlion wus azporoxi-

rztely 0,82 second. For subjects who served througrout

4

the series, the indifference durstlon was between 1.6 and
2.0 seconds, The only practice effect found by Woodrow and
Stottl99 wias an upward gravitation of short durations towsrd
both the serles averege and a previously dstermined G200
rlllisecond iIndifference interval, Standard intervals and
irtervals longer thzn the standard were found to gravitzte
eward toward the indifference durstion as much af
Cractice as 1In thes initial trials,
_rnozostudy usirng the methold of

fourd that practles by courting reduc=d scorss from 25-307

107~ . 4 e
=2+ Triplett, op, cit,, pr. £00-20%.
a8 ., i1 s
lybSt.ott, cp. cit., pp. 741-T740,
Q0 : . : a ! - .
199erbert Woodrow and Islani H. Stott, "The Effect
)] mas S 03 VT - ' T .y
gf Practice on Positive Time-Crder Errors,” Jovr ol of
sxecerimantal Psychology, XIX (December, 1930), pp. Cyve- oo,
o)

YO A . o
LOuillil'—;n:i_, oo, c¢it., p. Z2¢0.
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errors to 5-10% errors. Practice without counting had no
effect on improvement. In a study by Sturt20l there was

no sign of improvement through practice,

Age differences.--Fralsse202 points out that for the

child the future plays a larger part than the past 1n hils
consciousness. In the adult, however, age causes a decllne
In the 1mportance of what 1s yet to come and more 1mportance
is placed on what has already taken place. Fralsse feels
that man attaches the greater 1lmportance to the lornger
portion of his 1life, The young put more emphasls on the
unlived portion of 1life, the elderly on what they have
already experilenced,

This same author also feels that there may also be
a change in biological time as we grow older. It has been
noted that wounds take longer to heal in the aging indlvi-
dual. The number of blological changess which take place
in the young cause the organlsm to work more, The more
changes thzt take place and the more work sccomplished
result in an apparent increass in time, Time thus secens

longer to the young than to the 01d.203 Frankenhaeuser’gou

201Mary Sturt, "Experiments on the Estimatlon of
Duration,'" British Journal of Psychology, XIII (April, 1923),
p" 3830

202

Fralsse, opr. cit., pp. 181-182,

2031pi4,, pp. 2L6-247,

gouFrankenhaeuser, op. cit., p. 117,
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h=t thils =zpparent acceleration of time wilihn to-
czn te explalned 1n terrs of change. Youth 1s filled with
nuny events; but 25 the y=ars psss, expsrisnce becom=s
more automatlc, ana the davs and weesks srooth thets~lv-s
out,

Frzisse205 balileves that the atllity to estimsate
“ime develops slowly until approximately 16 years of ag:.
If the reproauction method 1s used, howevar, chlldren s=em

to appreclate duratlon at o falrly eavly sge. Since

"

criliren do rot hav:

(1

the 2111ty to use zotual tine mossure-
mer.ts 1n thelr verbzl estimates of duratlon, they are more
Jependent than saults on what tzkes plsee curivg the In-

erval,

¢

Improvearent in time estlmztion between nine and

(@)
[O)

eleven years was found oy Ax219Y9; beyona el-ven yeurs of
ag=, 1mprovement proved to be reglligitls. In estimaitirg

tne lengtn of a &0-second Interval the rins v-ur olds z+d

14 year olds tendsa 1o underestivazcte the Int=uvel,  Axol

fourdd that =zlsu-rtary school boys Tenu—d Lo Svero3Tinile
doration mors thuern did collisge nm=r: I 220l 1on, “hes colleg
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G111iland and Humphreys<O7 found that adults were
superior to fifth grade children in judging the length of
short intervals of time; however, the fact that children
were as successful as they were, caused Gilliland and
Humphreys to report that children had already developed cer-
tain cues for time estimation. Counting proved to be an
Important ald for both children and adults. The reproduc-
tlon method seemed to be the easlest method for Jjudging time.

208 .sked children to

Goldstone, Boardman, and Lhamon
count off thirty seconds in two different ways: to them-
selves and out loud. It was found that of the two methods,
counting aloud resulted in longer estimates, These authors
found that it was difficult for six and seven year old
children to count to themselves. Some form of kinesthetic
help (by tapping or moving their lips) seemed necessary for
them to express their temporal concept. They found esti-
mates of a second were quite accurate by the elght year old

through adult groups. Estimates by six and seven year olds

and by older adult groups were significantly shorter.

Sex differences.--In a study by Yerkes and Urban209

i1t was found that the length of a second 1s slightly

207G11111and and Humphreys, op. cit., pp. 129-130.

2OsSanford Goldstone, William K. Boardman, and William
T. Lhamon, "Kinesthetic Cues in the Development of Time Con-
cepts," Journal of Genetic Psychology, XCIII (December, 1958),
pp. 185-T90.

209gpobert M. Yerkes and F. M. Urban, "Time-Estimation
in Its Relations to Sex, Age, and Physlological Rhythms,"
Harvard Psychological Studies, II (June, 1906), pp. 405-430.
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overestimated by males and greatly overestimated by females,
The intervals from 18 to 108 seconds were generally under-
estimated slightly by men but greatly overestimated by
women., They also found that the estimates made by women
were more varlable and less accurate than the estimates
made by men. Both men and women tended to favor estimates
ending in O and 5 as well as simple fractions of a minute,
but thls tendency was greater among women, Axel210 came
to the conclusion that there i1s a strong tendency for
males to underestimate duratlons of time ranging from 15
to 30 seconds. In the case of females, however, marked
overestimations appear for these 1intervals. MacDougallgll
found that when men were allowed to estimate in any way
possible, they underestimated, whereas women overestimated,
He concluded that, in general, women show greater inaccuracy,
consistant overestimation, and greater varlabllity than man.
Gulliksen®l2 also found that women tended to estimate
duration as being longer than men.

In a study where subjects estimated time by counting

and by not counting, Gi1l1land®13 found 1little difference

210pxel, op. cit., pp. 30-31.

211Robert MacDougall, "Sex Differences in the Sense
of Time," Science, XIX (April, 1904), pp. 707-708.

21l24aro1d Gulliksen, "The Influence of Occupation
upon the Perception of Time," Journal of Experimental

Psychology, X (February, 1927), pp. 52-53.

213G11111and, op. cit., p. 254,

<« =
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In time estimation between men and women. Although early
studles showed some sex differences in time Judgment,
Gilliland, Hofeld, and Eckstrand®¥ d1d not find these
differences. One explanatlion suggested by these authors

1s that modern women are called upon to estimate time as
often as men; hence, with the importance of time increasing
In modern woman's 1life, she becomes practiced in time

estimation.

Brain Dysfunctlions

Mental disturbance.——Fraisse215 feels that the normal

attitude of man 1s orilented toward the future. Even when
man 1s orlented toward the present, it requires an atten-
tion to time, to reality. Refuge Into the past and escape
from time altogether are attitudes that refuse to face
reallity. In describing some cases of temporal disorienta-
tion among the mentally disturbed, Fraisse says that since
asthenics desire nothing, they cannot suffer from frustra-

tion, especially temporal frustration.

8214Gilliland, Hofeld, and Eckstrand, op. cit.,
p. 170.

215Fraisse, op. cit., p. 198,
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Acccrding to Lew18216, time 1s essentlal to all
reality; 1t 1s essentlal to all consclous activity, Not
orily do gross dlsorders of time estimatlon occur 1in
organlic psychoses, but they can also occur 1n the functlonal
psychoses. In hls work Lewls revlews the ways 1in which
time 1s normally percelived and follows thls with an appli-
cation to the mental disorders. Isrzeli2l7 describes some
of the tlme distortlons found in a varlety of mental dis-
crders, He uses case histories to 1llustrate his points
then suggests methods of deallrg with these tlme alstortions
clinlcally.

Schilder218 also revlews some of the literature and
gives case historles illuminating how time can be distorted
for the mentally disturbed. He reports that mental patlents
have complalned that they cannot orlent themselves 1in fime,
Some patlents feel far removed from thelr previous 1life;
orne patient szld that the word fire had lost 1ts sense.
Cther patlents experlence th= present as thougn 1t were

rast.

21l6pubrey Lewls, "The Experlence of Time in M=ntszl
Disorder," Procesdirgs of the Royzl Soclety of Medicine,
XXV (November-April, 1932), pp. 611-620,

217Nzthan Israeli, Abrnorral Personzlity and Tlmrs
(New York: Nzthan Isrzeli, 1950), pp. 1-lcs3,

218payul Schilder, "Psychopathology of Time," Jourrzl
of Nervous znd Mental Disease, ILXXXIII (May, 19356),

ce. 530-32-0.
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Although the mentally 111 may be temporarily dis-
oriented regarding conventlional time, Fralsse©id found
trhzt they are not disorlerited as to the hour of the day.
He does suggest, however, that a mentally disturbsd patlent
cannot percelve a long serles of sounds as well as a normal
adult,220

Comparirg schizophrenlc patients with normal college
students, Welnstein, Goldstone, and Rozrdmanc2l found that

schlizogpnrenlc patlzrts w2re nmore 1lik

8]

ly to overestimate

-t
oy

e durstion of a clok s=z2rd frn=r wers normal controils.
(Overestimstion of the auraticr of the clock second in

thls case means that subtlects think 2 s=cond has actually
rassed btefore the clock second has tsken pluce.) Ths ex-
planation of thls cverestirmution oy scanizopnrenics thzt the

guthors offer 1s “hat “hore 13 5 slowlng down of worldly

I

time for these psople; wnen fartssy activity dominates
tzhavior, exterrnal events appesr siower by conpzrlson,

192]
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Go recel found thst botn uutt
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ZLEmOn wh

schizophrerics and normals overestimzted the Gurztlion of

22la4lvin D, Weinstein, Sanford Goldasftone, and William
ozrdman, "The Effect of Recent and Rewote Srames of
rarice on Temporzl Juxgnents of Schizuprv: ic Patients,”
r21 of Abmormzl and Sonizl Psocholog:, LVIT (1955),

z

2w*llia'n T. Lhamon and Sanford Goldsto:n=,
: erse,  A. M. A, Archives of Neurclogy and Ps

LXXVI (Dece oS r, 15-6), pp. 625-624,
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one clock second, 1. e., the sutjects sald the second had
passed before 1t actually had by clock time, Although
both groups overestlmated, Lhamon znd Goldstone conclude
that the schizophrenic patlent 1s llkely to overestimate
to a greater degree.

Rabin??23 ezsked schizophrenlic subjects to estimate how
much tlme had elapsed durlng psychologlcal testing. The
results showed that the non-psychotics had a consistently
narrower range of estimatlon than did the psychotlic subjects.
The majorlty cf the schizophrenlcs made pcor judgments,

especlally for the longer perlods of time.

Mantzl deficlency.--According to Fralsse, " . . . the

temporal horlizon of mental defectives, llke that of young
children, 1s very limited, Both are incapable of assembling
thelr memories to form a past (and of anticlpating a future);
they are prisoners of the present,”gg4 Frzlsse cites a
Study that showed that the temporal horizon of some extreme
cases of mental deficiency dld not exceed zbout ten azys,
Gothberge25 compared the development of time undsr-

standing btetween normals and mentzlly defectlves by asking

223A. I. Rabin, "Time Estimation of Schizophrenics
and Nonpsychotics," Journal of Clinical Psychology, XIII
(January, 1957), pp. 85-90.

224Fraisse, op. clt.,, p. 162,

2251aura C. Gothberg, "The Mentally Defective Child's
Qnderstanding of Time," American Jourrizl of Mentsl De-
ficiency, LIII (1949), pp. HEI-HLED,

e
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her subjects questions regarding time. She found a high
correlation between the questions answered and mental age,
It was not untll the mental age of flve was reached thsat

50 per cent of the chlldren responded to time concspts.
Concepts of sequence, hlstorical time, measurement of dura-
tilon, and chronology were most difficult for the mentally
deficlent. These concepts did not appear to mature until
after the mental zge of ten and were beyond the capacity

of the majorlty of the mental age of twelve.

rain damage.--Fraisse220 points out that one of the

fundamental dlsorders of aphasla 1s the disturbance in the
perceptlon of rhythm. Accordinrg to Frazlsse, disturbance
of spatlal and temporal forms are often found in agnosla.
Experiments have shown that persons with brain damage often
have difficulty 1n perceliving apparent motion, a conditlon
which 1s a form of Integration of successive information.
Thls author explalins that thls may be due to the fact that

integration in brain damaged cases takes longer,

Beody Functilons

Physiologlcal Activity.--Schaefer and Gilliland2e’

mezsured pulse rate, heart work, breathing rate, breathing

226Fraisse, op. clt., pp. 96-97.
227yernon G, Schzefer and A. R. G1lliland, "The

Relation of Time Estimation to Certaln Physlologlcal Churges
> ’

10

Jourrial of Experimental Psychology, XXIIL (November, 1%
Pp. Sh5-5-2.
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rate, breathing work, and blood pressure changes while
thelr subjects estimzted unfilled intervals. The sub-
Jects were then glven vigorous exercises that were
followed by another series of estimations. All the
physiologlcal processes varled greatly throughout the
experlment, but what changes there were in individual
estimatlions of time did not show any constant or definite
relationshlp to these changes 1n physiological condition,
In addition, they found there was no significant differ=nce
in the errors whether the subject was 1n a state of rest
or whether he was 1n a state of great physiological

activity.

Strain and muscular activity.——Bartley298 mentions

thzt there zre two common reports of kinesthetic exp=arience
In time estimation: pzassive wzlting or awzrerness of strain,
Thils feeling of strain may arise from almost anybody muscles;
sometimes 1t may involve the arms and legs; at other times
1t may 1nvolve muscles of breathing snd the vocal organs,
In some cases the subjects have reported they tried to
imagine singing or humming to estimate time,

In attempting to determine the method used for time
comparison, MacDougall@29 found that "strain intensities'

have played & great part. Straln sensatlons seem to come

228Bartley, op. cit., p. 71,
229MzcDougall, "Rhythm, Time and Number," pc. 25-96,
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from the expectant attltude of the whole body. MacDougall
feels that the more intense the strain, the longer the
interval wlll seem; the less the straln, the less 1t will
seem.,

Woodrow230 also feels that some sort of strain is the
most common cue advanced as the basls for Jjudgments of
duration, To appreclate duratlion of an interval, an act
of attentlon 1s required. Thils =zct produces straln, elther
as a central process or through the muscular tensions, It
1s generally held that the feeling of strain increases with
the duration of attention. In one study Woodrowe3l intro-
duced muscular actlvity by asking his subjects to reproduce
both the interval and the boundlng clicks and found that
in thils particular case muscular activity--the tapping of

a key--actually hindered the judgments of temporal duration,

Serse mrodalitles.--Sturt232 pelleves that different

people respond to time differently. Some people may visu-
allze time, whereas others, the gudlles, may represent time
as notes of varying duration. She even feels that some

people have a tlme scheme represented by motor imagery.

230Woodrow, "Time Perception," p. 1235,

23lherbert Woodrow, "Behavior with Respect to Short
Temporal Stimulus Forms,' Journal of Experimental Psychology,
XI (August, 1928), pp. 261-202,

@323turt, The Psychology of Time, pp. 139-140.
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Fraisse233 belleves that the duration of a visual
sensatlon and an audltory sensation cannot be directly
compared., The organs of smell, taste, and sight have con-
siderable 1nertia; therefore, it 1s more difflicult for
these senses to recognlze change. The organs of hearing
and touch, on the other hand, have practically no lnertia.
Touch, however, can only glve information concerning changes
that take place 1In contact wlith the body. As a result, it
1s through hearing that we percelve and appreciate change,
time, successlon, rhythm, and tempo. Hearing 1s the "time
sense' Jjust a5 sight 1s the space sense,

The time needed to 1ldentify that a continuous 1light
1s present takes approximately 0.12 second, whereas the
duratlon thresholds for continuous sound vary from 0.01
to 0.05 second,23u Conen?@35 states that we are able to dis-
criminate auditory time better than visual time. Two audl-
tory 2timull are sensed 2s beling separate at an interval
of 2 milliseconds; for visual stimuli, however, 1t takes
EF0 milliseconds.

Using the Sesshore M2zsures of Musical Talent,

Gridley236 presented palred sounds to the ear and

233Fraisse, op. cit, pp. 81-83.

h 3
234 ", " A A
Woodrow, Time Perception, pp. 123C0-1231.
235conhen, op. cilt., p. 210.

236pearl Farwell Gridley, "The Discrimination of Short
Intervals of Time by Fingertip and by Ear," American Journal

of Psychology, XLIV (January, 1932), pp. 183-43,
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stirulos was more intense, Juwigments aspproxinmated the
zudltory-alorne responses,

Goodfellow239 compared zudition, vision, and touch
In time discriminatlion by three different psychophysical
methods. All three methods gsve the same results: =uaiftleon
showed the greatest sensitivity and the least varizatility;
the opposite was true of visilon. On the other hand, Hawkes,
Balley, and Warm@“0 found that audltory judgments did not
aiffer from visuzl or cutunsous Judgments, The laotier two,
however, wer=s significantly different. Judgments tased on

cutaneoug cues we

Q]

I

©

gre:ter fthon judgrents tosa2d on visusl

)

2111,—-Sturt2u1 hsd a subject hold z lighited clgure=tro
sgalnst her hznd as long os the experimenter held up =
cericll, The subject was then zsked to estimzte the snount
of time dInvolved, It w.s found thot sstlmates of tinme
ware more accurate 1r this experiment thzn in other expsri-

4

rents where pzin was not involved., Irn s similar experlment

D

U

performed
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Loa later date, however, 1t wuas found thait tne

C

experience oI puain led to the greatest amount of errors,

3% outs D, Goodafellow, "An Empiricsl Compurison
of Aucition, Vision and Touch in the Discrimination of
Short intervals of Time," Americar Journal of Fsychology,
LVI (April, 1934), pp. 243-25c.

ute) . .
24CHawkes, Bzlley, end Warm, og.

24lsturt, "Experiments on the Estimatesz of Dapritio,”
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Temperature.--Using dlathermy, Hoagland242 controlled

tody temperatures. The subJect was asked to count as
temperature was varled, and 1t was found that with an in-
creased temperature there was an lncrease 1n the speed of
counting. Hoagland concluded that psychologlcal time seems
to depend upon certaln chemical processes., The author tzkes
his findings to mean that there must exlist a master cheml-

csl clock.

Veso-motor waves,--Stevens243 had subjects reproduce

cmpty intervals of 7.24 seconds as a finger plethysmograph
rzcorded thelr vaso-motor waves. A relatlionship wzs found
between vaso-motor waves and the fluctuatlon in the Jjudgment
of an 1nterval of time, In intervals of medlum length

(0.4 to 2.0 seconds) vaso-motor changes predomlnated; for
loriger intervals (3.7 to 7.24 seconds) respiration was of

greater Influence,

Thyroid activitl,--GardnePQAA felt that since the

thyrcld gland Influences the rhythms of circulatlon and

2h24uds0n Hoagland, "The Physiological Control of
Judgments of Duration: Evidence for a Chemical Clock,"
Journal of General Psychology, IX (1233), pp. 267-227.

243y, ¢. Stevens, "The Relation of the Fluctuations
of Judgments 1in the Estimation of Time Intervals to Vaso-
Motor Waves,'" American Journal of Psychology, XIII (Januury,
1902), pp. 1-27.
2h4y, A, Gardner, "Influence of the Thyroid Gland on
the Consclousness of Time," American Journsl of Psychology,
XLVIT (October, 1935), pp. 698-701.




metabollsm, charnges 1n thyroid activity would be paralled

by varlatlcons in time perception. Patlents 1in varlous

48]

stages fror norral thyrold sctivity fo hyperthyrold

activity were agked to estimate verbslly a L5 second
interval between two strikes of a bell. Later, they were
also asked to produce a one minute Interval. Subjects

tended to overestirmaste time 1n the verbal estination teat

annd to underestimate time in the prcduction test. It w
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found that 1n thehyperthyrold group there was z lengthenirg

of the subjective minute. It had besn felt that, with the

physlological clock golrg faster in these hypsrthyroid czses,

shorter than norisl. When the
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time might be estimated a
hyperactive thyrcid had been removed, there wag a resultfant
25% drop in the estimates by production, He corncluded,

however, that there is no correlation in eilther the active
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or passive te between estlimwation »f time and age,
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pulse rate, or besal meiapolisy, ~r with the effects of
surgery, ", ., ,the evlderce at hand is agzinst the view

that todil rhytnmzs of pulse or rmetabolism as inll

Ly the thyroid glend form =z baziis of the terporal tive

Slesp and hypnosis,--It has been polnted out by

Fralsse240 thut people have temporal orienteiion during
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sle=sp. People hzve sore 1dea of what tins 1t 1s when
swakened by an unusual nolse or by a nightmare, In

zdditlon, it hs

i

beenn focund that people can wake up at
certaln predetermined hours. It 1s easler to do this when

the dJdeslred hour of awaking 1s near the usual time of

t

awaking; nevertheless, 1t has also been shown that such

estimates are possitle at other times., FfFralsze feels

«t

nis can be explained by some scrt of physiological clock
that glves the sleeper internal cues,

When atterpting t0 awaken 21t 3 specified hour,
Erush@"7 variedi the time of arising and the duration of
sleep, He found he could estimate tne time of awzaking with
censlderable accuracy. The aversge actual time of swakirg
wag closer to the preplanned time thun to a time one might
have expected fcr awakirg by habit. Gereral physical
conditlon, the amcunt and character of sleep, the mental

rg up the time, the 1lluniri-

pose

actlviry subsequert tao sett
roor on oawzking, and the nmotlvation all were

important in this matter,

ec

2 L]
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tells us that 1f hypnotized subjects are
told during hypnosis that they are golng to awzken 1in 3
nalf-hour, they can do this sccurately, On the other hani,

1T they are told they are goling to take a long walk for

2h7Egward N. Erush, "Observations on the Temgoral

Judgments During Sleep," American Journal of Psychology,
XLII (July, 1930), pp. 4C8-LIL.
248 \

rralac ~ i ie DG aAD
Fralsgse, op., cit., pp. 2J1-232.
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a half an hour and are then awakened after ten minutes,
the subjects wlll lilkely estimate the duratlon of theilr
"walk" as a half an hour. If a task 1s suggested, a
subject's estimation upon awskenling will be very close to
the amount of time 1t would generally take to perform

the task,

Qgggg.—-Fraisse2“9 has found that drugs accelerating
the vital functlons lead to the overestimatlion of time,
whereas those that slow them down lead to underestimation,
This particular suthor also has pointed out that in cases
of Intoxicatlion with the drugs hashish or mescaline, tine
seems very long. Goldstone, Boardman, and Lhamona50
tested subjects under three conditions: pre-drug, 30
minutes post-drug, and 60 minutes post-drug. They
found that the drug dextro-asmphetamine caused a significant
decreasge 1In the clock-measured vsalue of the apparent
second, Quinal barbltone and placebo resulted in an
incresse in the clock-measured value of the zpparent second.
The increase or decrease found was greater in the 60 mirnute
post-drug condition than in the 30 minute post-drug

condition.

2491v1d., pp. 2283-229.

25OSanford Goldstone, Willliam K, Boardman, and
William T. Lhamon, "Effect of Quinal Rarbitone, Dextro-
Amphetamine, and Placebo on Apparent Time," British Journal
of Psychology, XLIX (November, 1958), pp. 32L-323.
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Frankenhzeuser<5l administered a sedative (pheno-
barbital) to decrease alertness and a stimulant (metaphe-
tarine) to increase alertness. She found that time
estimations were smaller after the intake of the depressant
than after the intake of the stimulant. Her explanatlon
of thls phenomenon was that the amount of mental content
decreases with the depressant. This same author252 found
that quinine did not produce any reliable changes 1n time
estimatlion. The results did show, however, that obJective
seconds were subjectively longer under the influence of
caffelne.

It 1s known that the drug lysergic acld diathylamide.
(LSD) can produce schizophrenic-1like behsvior., Boardman,
Goldstone, and Lhamon253 gave LSD to Ir'cur male subjects and
asked them to indlcate whether duratlons were less or more
than one second. It was found that the subJects! estimations
cf a second did not become smaller ag 1n a previous study
with schizophrenlcs. Although no schizophrenic-1llke esti-
mations were found, variations did increase, a finding
suggesting that the subjects' temporal frames of reference

did become vague,

25lprgkenhaeuser, op., cit,, pp. 66-67,
2521p14,, pp. 96-103.

253y1111am K. Boardman, Sanford Goldstone, and William
T. Lhamon, "Effects of Lyserglc Acid Diethylamide (LSD) on
the Time Sense of Normal," A. M. A. Archives of Neurology
and Psychiatry, LXXVIII (September, 1558), pp. 321-324.
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Effects Of Varying Condiftions

N s 1 PSRRI o ] . TR
Anchors snd serisl position.--Jameset™ has pointed

out that the senss of time, like the other senses, 1ls
subject to the law of contrast. An interval wlll sound
shorter 1f a long interval has immrediately preceded 1it,
Fraisse255 feels thzt such an "anchor'" effect must also
be taken 1nto consideration in the study of time. Essen-
tlally an anchor 1s a reference value; 1if subjects are given
a particular reference, their future estimates or judgments
of dursztlon may be affected.

It 1s the contentlion of Goldstone, Lhamon, and
Boardman256 that subjects select g few stimulli--probably
the end ones--from a presented serles and use these as

standards for judgment. They experimented with a very

n

hort anchor (0.1 second), a long anchor (2.0 seconds),
and a neutral snchor (1.0 second), the last belng =2qu=l o

v

the gtandard interval to be Judged, The authors found that
although subjects tended to overestimate the value of the
clock s=cond under all three conditions, short anchors

ternded to pull the judgments down and long anchors tendasd

to puli the judgrents up.

o=
258 7ames, loc. cit,

250Fraisse, op. cit., pp. 120-121.

256Sanford Goldstone, William T. Lhamon, and William
K. Boardman, "The Time Sense: Anchor gffects and Appzrent
Duration,'" Journal of Psvchology, XLIV (July, 1957§
pp. 145-153,

’
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Eson and Kafka257 had subJects produce two time
intervals, 15 seconds and two minutes. The purpose of this
study was to determine whether or not the position in
the serles--early or late--had any effect on the time
estimates. These authors found that nearly all subjects
overestimated the rate of the passage of time in this
task, (Overestimatlion in thils case means that the pro-
duction 1s shorter than the interval given by the experi-
menter.) It was found that the later judgments were not
overestimated as much as early Judgments. They dlscovered
that the first estlimate dld seem to establish a reference--

an anchor--for the later Judgments.,

Iimliting stimull.--Woodrow noted that varying the

length of the bounding stimuli affected the comparison of
time intervals. When he presented a long bounding click,
then the interval and a short click, he found there was

an overestimation of the interval, When a short click-
Interval-long click sequence was used, the lnterval was
underestimated. He suggested that lengthenling both the
terminal sound and the initial sound--individually or
together--caused the interval to be judged longer., Making

the 1nitial sound longer had a greater effect than

23TMorris E. Eson and John S. Kafka, "Diagnostic
Implications of a Study in Time Perception,'" Journal of
General Psychology, XLVI (April, 1952), pp. 169-183.
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making the terminal sound longer. Woodrow's explanatilon
1s that 1t 1s more difficult to 1gnore the initlal sound
than the terminal sound,258 In a simllar study using the
method of reproduction Woodrow259 found the same trend:
whenever a long limliting sound is glven, 1t has the
effect of lengthening the interval to be judged; this 1is

more true when the long interval 1s 1n the initial position.

Type of gctlvity.--In her studles Sturt found that

", . .in estirating time we rely on the amount of mental

content experlenced durlng that time. Time which has been
filled by many thoughts appears longer, whereas time
occupled by few thoughts appears shorter."2060 Fralsse26l
feels that the more interesting a tzsk 1s, the shorter

1t will seem. Thls latter author has also suggested that
the less activitles are broken up the shorter the duratlon
will seem, The mors unlty a task has, the more interestirg
1t will be; this, too, leads to a feeling of shorter dura-

tion. Diffficult tasks also seem shorter.

2581e rpert Woodrow, '"Behavior with Respect to Short
Temporal Stimulus Forms,' Journal of Experimental Psychology,
XI (Jure, 1G28), pp. 167-153.

259Woodrow, "Behavior with Respect to Short Temporal
Stimulus-Forms," (August, 1928), pp. 259-280.

26OSturt, "Experiments on the Estimates of Duration,'
p' 3870

261Fraisse, op. cit,, pp. 223-225,.
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By having subjects learn one long maze and several
short mazes, Harton262 found that when 2 ftask 1nvolves only

cne goal, time seemrs shorter than when the task involves

4]

several goals. Thls szame suthor?d3 ssked subjJects to count
the slow and fast beats of a metronome. He found that time
passed more qulckly at the fast rate for his subjects.
In a second part, subjects sald nonsernse verse to beats of
the metronome, He found that when the azctivity was more
aifficult, subjects Jjudged time as being shorter. To
Harton 1t seemed evident that 1t wzs not the rate of
bezts of the metronome but the zctivity of the individual
that determined thes judgments of time.

Gulliksen2®® presented periods fllled with eignt
different types of activity and found that the way in
which the individual is occuried or employed causes differ-
ernces 1in estimations of time. Corplete rest was judged us

.

st times, wherezs doing long aivision was Jjudge

—t
D
,__J
Q
3
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as th= shortezst tine,
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202715nn J. Harton, "Time ~st1mat13n in Relation to
Goal Crganization and Difficulty of Tasks,' JTourrul of
Generzl Psyzhzology, XXVII (Ju-ﬁ, 1342), po. C3-€-,

263700 J. Hzrtor, "The Inrluerce of the Difficulty
of Activity on the Estimatiorn of Timsz," Journal of
Experirental Psychology, XXIII (Se pteJoar, 19-0),

NI

co. </0-257.

264Gulliksen, loc, cit,



96

Subjects of Postman205 were glven three different
tasks at each experimental session: adding, crossing out
letters, and filling missing letters. The order of pre-
sentatlon was changed from session to session. Afterward
the subjJects were asked to estimate how much time had
elapsed., Postman found that his subjects overestlmated
the length of the middle task more than the lengths of the
first and last tasks. Nelther type of task nor the lengthn
of the interval caused any significant differences 1in
estimates.

DeWolfe and Duncan205 zsked subjects to reproduce a
standard interval of 26 seconds. The authors reasoned
that 1f a subject did nothing during the standard interval,
1t would make the 1Interval seem long; 1f they performed
g difficult task during the reproduction interval, it would
make the 1nterval seem short. DeWolfe and Duncan found that
the higher the level of behavior of the standard task, the
shorter were the estimates; the higher the level of the

comparison task, the longer were the estimates,

26Z1e0 Postrman, "Estimates of Time During a Series
of Tasks," American Journsl of Psychology, LVII (July, 1944),
pp. L2l-L2kL,

266R thanne K. S. DeWolfe and Carl P. Duncan, '"Time
Estimation as a Functlion of Level of Behavior of Successive
Tasks,' Journal of Experimentsl Psychology, LVII
(August, 1959), pp. 153-158.
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The preferred finger-tapplng rate for individual sub-
jects was found by Denner, et 21,2067 The subjects were then
asked to reproduce an interval of time by threse different
d rat

, 2t the pr=-

tapping rates: slower than the preferr

D

(T

ferred rate, and faster than the preferred rate, They found
that when the tappling rate was faster than preferred,

there was an gppzr:=nt shortening of the physical interval;

I\

when the tapplng rate wzs slower than preferred, there was
an apprarent lengthening, They concluaed that wlth a change
in tempo there wss a subsequent change 1in apparent duratlon,
Loehl1r268 nag subjects estimate the duratlon of =
two-minute interval after belng occupled with different
tasks, The four main variables thzt contributed to the
spparent length of time were these: 1) interest vs. boredom,
2) filled vs, empty intervals, 2) repetition of an

ctivy, and 4) activity vs. passivity. Loehlin conclud=id

&

that time may seem long because the activity 1s boring,
cecouse zitentlon 1s beling pald to the pussing of time,
bzcause the activity 1s unfamiliar, or bteczuse the sublect

1s relzatively passilve,

267Bruce Denner, Seymour Wepner, Josserh H. McFarland,
and Helnz Werner, "Rhythmic Activity and the Perception of
Time," American Jourral of Psychology, LXXVI (June, 1963),

pp. 287-292,

e - - . R,

2"CJohn C. Loehlin, "The Influernce of Different
Activities on the Appsrent Lengch of Time," Psycholoziocol
Morographs, LXXIII (1959), po. 1-27,
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Berman269 explored the belief that time passes slowly
when a person 1s "statiated,”" 1.e., when a subject rejects
at least more than once an object or actlvlity that was
initlally deslred or pursued. An experlmental group was
satiated by having them work a maze; a control group worked
the maze but was not satlated. Berman found that 87 per
cent of the satlated group underestimated the time for them
to become satlated. On the other hand, 52 per cent of
the non-satliation group overestimated the time 1t took them
to learn mazes. These filndings seemed to be contradlctory
to what might have been expected, 1.e., that time would p=ass
slowly for the satlated group; therefore, Berman concluded
that "a theory of satiation . . .in Judgments of time does

not seem to be warranted.' 270

Backgrourd effects.--Smith, Wing, and Jerisone/l gave

subjects & two hour task and asked them to press a button
every ten minutes, A training sesslon was done in gulet,
arnd an experimental sesslion had the first half hour 1n

qulet and the last hour and a half in noise., The results
showed that the mean Jjudgments were on the order of nine

minutes in quiet and seven minutes 1n noise,

269Arthur Berman, "The Relation of Time Estimation
to Satiation,'" Journsl of Experimantal Psychology, XXV
(September, 1933), pp. 261-293,

270

Ibid., p. 293.

27lprden K. Smith, Shelley Wing, and Harry J. Jerilsor,
"Effect of Acoustic Noise on Time Judgment," Averican
Psychologist, X (August, 195%), pp. 428-4293,
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Studylng the effect of pltch upon the reproduction
of temporal intervals, Triplett272 found that there was
a slight tendency for the 1ntervals filled or surrounded
by a higher pltch to seem longer than thﬁse filled or
surrounded by a low pltch. Although the results were
largely negative, Triplett felt that what effects there were
might be explalned by the pleasantness or unpleasantness
of the pitch of the tones,.

In another study on the effects of pltch Cohen,
Hansel, and Sylvester2/3 presented two tones of different
frequencles to thelr subjects. By adjustment the subJects
had to tell when the two tones seemed equal in duratlon.

It was found that there was a tendency for the higher
tones to seem shorter than the lower tones. Thls effect
was more marked when the difference between the two tones
was greatest.

Dreher and Evans2’+ nad subjects estimate and match
durations of 1, 2, 4, 8, 16, and 32 seconds under alternating
conditions of quiet and four types of high-level ambient
nolse. It was found that there was a significant under-

estimation of time in the environments of intense nolse.

2721pid., p. 293.
2~73Cohen, Hansel, and Sylvester, loc. cit.

274Jonn J. Dreher and William E, Evans, "Effects
of Certain Auditory Environments on Protensity,"
Jourrizl Accoustical Soclety of America, XXXIV (May, 13962),

p. 739.
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Frankenhzeuser2/2> studled the effects of stimulus
background by controlling the amount of change (a fast and
a slow beat on a metronome) and by controlling the intensity
of a constant auditory stimulus background (a 500 cycle
tone), The objective second was subjectively longer when
the amount of change increased; but there was no effect

of the change in the intenslty of the background tone.

Rhgthm.——Dunlap276: 277, 278, 279 nhas reviewed gqulte
thoroughly the early studles on the relationships between
tlme perception and rhythm. MacDougallgBo believes that
the limiting sensations of an interval may cause a
rhythmical effect. When there 1s a rhythmical sequence,
accurate comparison 1s not possible, according to MacDougall.

Fraisse has commented on the fact that when " . . .the

duration of an interval within a rhythmical group 1s change=d,

i) L3 Q 1
the apparent duration of the other intervzls is modified,"2o!1

275Frankenhseuser, op. cit,, p, 81,

276Knight Dunlap, "Rhythm and Time," Psychological
3r, VIII (July, 1911), pp. 239-242,

277Kknight Dunlzp, "Time and Rhythm," Psvchologicsal
Bulletin, IX (May 1912), pp. 197-199.

278Knight Dunlap, "Time znd Rhythm," Psychologicsl
Bulletin, XI (May, 1914%), pp. 169-171.

279Knight Dunlap, "Time and Rhythm," Psychologiczl
Bulletin, XIII (May, 1916), pp. 206-208.

8-89.

o

280MacDougall, "Rhythm, Time and Number," pp.

28lrralsse, oo, cit., p. 78,



He =zlso indicates that o divided interval of discontinuous
stimull appears longer than an empty interval of the sume
duration., An evenly divided interval azppzars longsr
than one thsat 1s irregularly divide:tg82

It has Teen polinted out by Woodrow283 that increzsing
the internsity in a serles of equal temporsl spaclng causes
a group-beginning effect; greater duratlon exerts a groupg-
endling effect, Woodrowe84 has found that when thers is =&
constant temporal ratl between scunds and the absolute

durzticen of orne sound increzses, there 1s an increzss in

s

i1ts tendency to ennd the groug.

- L 3 .
Filled ard erpty intervals.--lemes?°5 has stated thut

filled time seens lorger than vacant tim2 of the sam

¢

duration. According to Freisse286, most suthors zgr=e
that filled Jurations seem longer than empty Jdurstions even

+

., this is

9]

vhen they are physicoslly =egual; but, he sftresge

trus only if the empty Interval follows tha filled interval,

D

Fralisse feels that the term =2rpty durstion nas no seonse;

[\
(

-

h= doss use the term, however, for the sake of couvenlence,

2821v14d,, pp. 122-133.
8

3Wsodrow, "Time Perception," p. 1233.
i

Herbert Woodrow, "A {uantitative Study of Rhythm,"
Archieves of Psychology, I1 (June, 1909), pp. 1-66.
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Tnis particular author287 has found no significant differ-
ence 1n the reproduction of empty intervals and filled
intervals, Wallace and Rabin288 have sald that the 1lssue
of filled vs. empty time has not been settled; however,
they feel that the evldence 1ndicates there 1s 1little
significance 1n time estimation under the two condltions,
Whitely and Andersona89 presented three different
conditions to subjects: 1) no filling of the duration,
2) filling wilth a buzzer sound, and 3) filling with music.
They found that when subjects were asked to estimate the
elapsed tlime, the duration filled with muslc was Judged
to be shorter than the other two condltions. They felt
that the judgments were Influenced by a rhythmlcal factor.
Spencer29o found that poetry as a filller caused the
interval to be Jjudged longer than when prose or an empty
interval was used. One difference btetween poetry and prose
1s the rhythm. This does not colncide with the reasoning
of Whitely and Anderson, who szld the rhythm of muslic

"

caused the 1Intervals to be Jjudged shorter.

2871014,

288yzllace and Rabin, op. cit., p. 221,

289psul L. Whitely and J. Carver Anderson, "The
Influence of Two Different Interpolations upon Tlme
Estimation," Jourral of Gerieral Psychology, IV (December,
1930), pp. 391-4C1.

20spencer, loc. cit.
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Axel291 asked subjects to estimate an empty interval
and intervals filled with tappling, cancellatlon of numbers,
working analogles, and a number serles completion. When
the interval was empty and when filled with tapping, subjects
overestimated all intervals from 15 to 30 seconds. When
the fi1llings were more difficult, the time intervals
were underestimated.

Finding that all periods were overestimated whether
they were filled or empty, Swift and McGeoch292 concluded
that there 1s little difference between unfilled intervals
and intervals filled with interesting material, If the
subJect 1s doing something, however, time seems shorter

than when he listens to somebody.

Instructlons.--It has been polnted out 1n a previous

section that time estlmates vary according to how subjects
go about judging. Woodrowe93 noted this in one experiment
and felt that the instructions glven to the Jjudges would

have a great effect upon the results. He took the intro-

spective reports of thils study and devised two sets of

291lpxel, op. cit., pp. 14-39.

292Edgar James Swift and John Alexander McGeoch,
"An Experimental Study of the Perception of Filled and
Empty Time," Journal of Experimentsl Psychology, VIII
(June, 1925), pp. 240-243.

293Woodrow, "The Reproduction of Temporal Intervals,"
p. 496,
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Instructions to give to fthe judges.29iL In the first s=t
subjects were to pay attentlon solely to the sounds and not
to any effort of bodily movement. The second set of |
instructions had the subjects attending to bodlly strain
and movement, He found that reproductions were much longer
on the average under the strzin instructions than unaer

the auditory instructiors.

Dir=tion And Sp-

Gridley295 has reported that subject discriminsztion
of consonants is, in part, z discrimination on the basls
of time. Some consonants have a '"clipped-off" effect,
whereas others have a "drawn-out" effect. Peterson and
Lehiste296 studied the influence of consonants upon the
duragtion of stressed vowels and diphthongs, They found that
the duration of a vowel (a syllable riuclel) was affected
by the nature of the consonants following that vowel.
The influence of the initisl consonznts upon the durastions
of the vowel zppeared to be negligible., Vowels were shorter
whorter when followed by a volceless consonant and

longer when followed by a voiced consonant. As a class,

z ) 5 = . - o oo . . N
29%Woodrow, "Individual Differsnces in the Reproduction
of Temporal Intervsls," po. 277-281.

295Gridley, op. cit., p. 19.

29Gordon E. Peterson and Ilse Lehiste, "Duration
of Syllable Nuclei in English," Journal Acoustical Society
of America, XXXII (June, 1960), Pp. 693-703.
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plosives were preceded by the shortest vowels, but naszals
had approximately the same effect. Vowels were longest
before voiced fricatives. Two groups of vowels were noted:
short vowels, [I, €, o , U ], and long syllable nuclel,
[eI, ®, o, 0 , oU, u, r, aU, aI, oI].

Schwartz297 found that the longer a vowel is
present, the less intense 1t had to be to be heard.
Tiffany298 also found that vowel 1dentificatlon varled as
a functlion of the length of the vowel. He felt that véwels
have a "natural" duration in speech; and the nearer a
given vowel 1s to 1ts natural duration, the easier it is
to recognlze. Because of thls, Tiffany felt that duration
may have a phonemic value.

Using consonant-vowel-consonant syllables, Stevens?299
had subJects 1dentify vowels produced by a resonance analog.
He found that distinctions between [1-I] and [u-U] were
affected only slightly by vowel duratlon. The distinctilions
between [€-z2¢ ] and [A-a], on the other hand, were strongly
influenced by the duration of the vowel. When these vowels

were presented 1n nolse, the 1ldentification of them became

29'Martin F. Schwartz, "A Study of Thresholds of
Identification for Vowels as a Function of Their Duration,
Journal of Auditory Research, III (January, 1963), pp. 47-52.

298w1111am R. Tiffany, ”Vowel Recognitlion as a
Tunction of Duration, Frequency Modulation and Phonetic
Context," Journal of Speech and Hearing Disorders,
XVIII (September, 1953), pp. 289-301.

299Kenrieth N. Stevens, "Effect of Duration upon
Vowel Identification," Journal Acoustical Society of
America, XXXI (January, 1959), p. L.S.
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even more influenced by duration. Black300 also constructed
consonant-vowel-consonant syllables to study the inter-
relationshlps of frequency, intenslty, and duration upon
vowel 1identification., Although he found no significant
interrelationshlp, he did find that the more open the vowel,
the longer 1t was.

Noting that the length of time required to utter a
sound 1s altered by the sounds preceding or following the
sound, Oyer30l set out to determine whether words composed
of the same phonemes but differing in spelling and meaning
will differ in duration. Usling words that were identical
in sound but differing in written form and meaning, he
studied the semantic-orthographic influence upon the dura-
tion of homophones. He found that homophones with the same
number of letters tended to be given equal time value.

When the homophones differed in number of letters from their
counterparts by one or two, duration values were less
frequently significantly related than when the pairs of

homophones contalned the same number of letters.

39050hn W. Black, "Natural Frequency, Duration, and
Tntensity of Vowels in Reading," Journal of Speech and
Hearing Disorders, XIV (September, 1943), pp. 216-221.

301lHerbert J. Oyer, "Duratlion of Homophones,"
Western Speech, XXIII (Spring, 1959), pp. 99-102.
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Tiffin and Steer302 found that stressed words differ=d
from unstressed words 1in several aspects. One of these
aspects was that in 98 per cent of the cases the stressed
words were of longer duration. In another study on the
interrelationships among pitch, intensity, and duratlon
ort1eb393 found that emphasized syllables had a longer dura-
tion than the unstressed syllables. The results of thils
study 1indicated that emphasls was not a function of any one
factor but a comblnation of pitch, intenslty, and duration,

In a study of syllable stress, Fry304 used words that
could be elther nouns or verbs, dependlng upon the place-
ment of stress. The judges' reports indicated that duratlon
and intensity were both cues for judgments of stress but
that duration was a more effective cue than intensity. He
found that 1t was the vowel segments that showed the major
differences in duration and intensity with a shift 1In stress.

Fairbanks and Hoaglin305 simulated five emotions:

contempt, anger, fear, grlef, and 1ndifference. They found

30270seph Tiffin and Max D, Steer, "An Experimental
Arialysis of Emphasis,'" Speech Monographs, IV (December,
1937), pp. 69-T74.

303Ruth Ortleb, "An Objective Study of Emphasis in
Oral Reading of Emotional and Unemotional Materisl,"
Speech Monograchs, IV (December, 1937), pp. 56-63.

304p, B, Fry, "Duration and Intensity as Physiczl
Correlates of Linguistic Stress," Journal Acoustical
Soclety of America, XXVII (July, 1955), pp. (65-/00.

305Grant Fairbanks and LeMar W. Hosglin, "An Experi-
mental Study of the Durational Characteristics of the
Volce During the Expression of Emotion," Spesch Monographs,
VIII (December, 1941), pp. 85-90.
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that the simulated emotions of anger, fear, and 1ndifference
had a rapid speakling rate and short duration of phonations
and pauses. The emotlons of contempt and grief had a slow
rate, contempt being the slower of the two. The slow rate
of contempt was produced by approximately equal prolonga-
tlons of phonatlions and pauses. In grief the slow rate

was caused by the prolongations of pauses.

Using the vowel [a] at different freguencles and
intensitles, Ptacek and Sander306 gsked young adults to
sustaln a phonatlion as long as possible. They determined
that maximum vowel duration was a functlion of both the
frequency and the 1ntenslity of the phonation., Males, in
general, could sustaln phonation for a substantially
longer duration than females. In another study3o7 these
same authors had subjects sustaln the vowel [a], and Jjudges
rated the segments for breathliness. The results showed
that subjects who had relatively long phonations tended to
be judged as less breathy than speakers wlth relatively short

phonations.

306paul H. Ptacek and Eric K. Sander, '"Maximum Dura-
tion of Phonation," Journal of Speech and Hearing Disorders,
XXVIII (May, 1963), pp. 171-182.

307paul H. Ptacek and Eric K. Sander, "Breathiness
and Phonation Length,'" Journal of Speech and Hearing
Disorders, XXVIII (August, 1963), pp. 267-272.
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Hyman308 asked cerebral palsled children and normal
children to 1mltate words spoken by the experimenter. He
found that, as groups, athetolds and normal chlldren re-
sponded to variations 1in sound pressure, whereas the
spastlic group tended to be unresponsive and soft in sound
pressure level., All three groups responded to variation
in the duratlon of the stimull, but Hyman found signifi-
cant differences between cerebral palsied and normal chll-
dren in the durational characteristics of speech.

Hanley and Steer309 had subjects read a passage under
four levels of nolse to determlne the effect of nolse
upon words-per-minute, syllable duratlion, and speech 1lnten-
sity level. They found that subjects reduced the rate of
speakling, prolonged syllables, and spoke wilth greater
Intenslity as nolse 1ncreased.

Discussing another durational aspect 1n speaklng--
the opening and closing phases of the vocal cords--Van

Riper and Irwin310 state that closing of 'the vocal cords

308Melvin Hyman, "An Experimental Study of Sound
Pressure Level and Duration in the Speech of Cerebral
Palsied Children," Journal of Speech and Hearing Disorders,
XVII (September, 1952), pp. 295-300.

3097, D. Hanley and M. D. Steer, "Effect of Level of
Dlistracting Nolse upon Speaking Rate, Duration, and
Intensity," Journal of Speech and Hearing Disorders, XIV
(December, 19L3), pp. 363-368.

310charies van Riper and John V. Irwin, Volce and
Articulation (Englewood Cliffs, New Jersey: Prentice-
Hall, Inc., 1958), p. 447,




o
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begins before phonation, in some cases several seconds
before phonatlon begins. During normal phonatlion, closure
comprises at least half of the cycle. As the plitch of

the voice 1s ralsed and goss into falsetto, the duration

of closure decreases.

Duratlon And Loudness

Iifshitz31ll has stated that the apparent duration of
a sound 1impulse depends on its lcudness., According to Wever
and Lawrence312, loudness 1ncreases progressively wilth
duratlion up to a certaln polnt. In studlies of sounds well
above threshold 1t has been found that the growth of loud-
rness wlth duration nearly attains 1its maximum at 0.2 second.

Small, Brandt, and Cox313 had subjects match a
standard 500 millisecond burst for equal loudness., Thay
found there was a '"critical duration" below which 1t was
necessary for subjects to increase the level of the short

signal in order that 1t be Judged egqually loud. Above thils

311lsamuel Lifshitz, "Apparent Duration of Sound
Perception and Musicsal OptimumReverberation,'" Journal
Acoustical Society of America, VII (January, 1936), p. 213.

312grnest Glen Wever and Merle Lawrence, Physiological
Acoustics ( Princeton, New Jersey: Princeton Univelsity
Press, 19%54), p. 64,

313prno1a M. Small, Jr., John F. Erandt, and Phillip
G. Cox, "Loudness as a Function of Signal Duration,"
Journal Acousticsl Soclety of Amsrica, XXXIV (April, 1962 ),
pp. 513-514,
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polnt loudness became 1independent of duration. This
critical duratlion was 50 milliseconds for a 10 dB sound
level standard; the critical duration decreased to 15
milliseconds for a tone of 60 d4B.

Miller3l# found that the threshold of hearing is
lowered by increasling the duration of the nolse up to
durations at least as long as one second. The loudness of
an Intense nolse, however, depends upon 1its duration up to
durations of only 65 milliseconds. These types of findings
led Garner to state that "increasing the duration of a
single tonal stlimulus 1s one means of 1lncreasing total
energy wlthout changing intensity."315

In one study, however, Garner316 found that when
subjJects were asked to match a 1000 cycle tone for loudness,
some subJects showed a consistent change 1in loudness as a
function of duration, whereas another group did not. He
attributed thils somewhat contradictory finding to elther

the methodology or the abruptness of the onset of the tone.

314George A. Miller, "The Perception of Short Bursts
of Noilse," Journal Acoustical Soclety of America, XX (March,
1948), pp. 160-170,

315y. R. Garner, "Auditory Thresholds of Short
Tones as a Function of Repetition Rates,' Journal
Acoustical Soclety of America, XIX (July, 1847), p. 600.

316w. R. Garner, "The Loudness and Loudness Matching
of Short Tones,'" Journal Acoustical Soclety of America,
XXI (July, 1949), pp. 393-L0O3.
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Summary

Thne many theorles of time perceptlion fall into five

general categorles. The theory that a certral nervous

system mechanism 1s the basis for time perception has as

1ts primary tenet that there are elther braln traces or
memory traces remzining after a stimulus hzs ceased, These
traces are later us=a {ur comgarison with tns durations

of new stimull.

A second theory progoses that an internsl clock mecha-

rism provides us with a "time serse,'" a sense corparatle

to the other senses, Cther authors have sugg=sted that

rhythmic bodily process=s give us cues for the perception

of time, Some feel that the amount of chargs experienced

alters the perception of time; for exzmple, an increass in
the number of changes may lengthen the apparent duration,
A fifth theory states that there appears to be a period of
time that 1s experienced as one event, i.e., & "urity of

orgznization,"

Studies have shown that the concept of tim= follows
2 developmental pattern. As a child develops, he bescomes
rore aware of time and btecomes better able to estimate time
znd to handle time coricepts. The chlld has generally
regched an adult level of time perception by the time he
1s 14 years of age.

Among the severszl problems that have rsceived con-

silderable zttention in time studies are W=alter's Laiw, th-=
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time-order error, the indifference interval, and the methods
used iIn Judging. The primary psychophysical methods employed
in laboratory studies of time have been the methods of
estimation, production, comparison, and reproduction.
Recent studles have concentrated more on the last two.

Desplte disagreement 1n some areas, most authors agree
that 1ndividual differences are an important factor in time
perception. Motivation, attitude, anxiety, amount of
practice, age, and sex are individual factors that have
been studled. The brain dysfunctions resulting from mental
disturbance, mental retardation, and brain damage have also
been found to cause aberrations in the perception of time.

Although several bodlly functions have been explored,
not all show the same degree of relatlonship to the ex-
perience of time. Among those discussed were physiological
actlvity, strain and muscular activity, different sense
modalities, paln, temperature, vaso-motor waves, thyroild
activity, sleep, hypnosis, and drugs. The one that seems
to have the greatest influence on time perception is strain
and muscular activity. Several investigators have found
that hearing seems to be the most important sense in the
judgment of temporal intervals.

Varied conditions such as the serial position, the
1imiting sounds, background effects, the type of activity,
the content of the interval, and instructions to subjects

have all been shown to have some effect on time perceptlon.
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It was stressed that speech production has durational
characteristlics, and a relatlonship also exlsts between the

duration and the loudness of a stimulus.
Conslderation given to the several approaches to the

study of time led to the development of the experimental

procedures to be employed 1n the present study.






CHAPTER III
EXFERIMENTAL FROCEDURES

The method c¢f reproducticn was chcsen for this
experimenta. study because 1t gives the subjects actlve
- + -~ o~ ~ - n L] 31-7 hl
control cver the resp:nse durzticn Guilford belleves

"

that this methcd is the "most ratural" psychcphysical

method since the judgments are made bty scme actlion on the
part cf the sub;eczt He fee.s that being able t2 contrsl
the stimulus creates a favcocrable attitude in the subject.

Ancther advantage suggested by Guiifcrd is that each trial

gives a measuremerit; henze, there 1s an eccromy of time.

Selection 2f stimull.--Five freguencies were chosen

to be presented to the subjects: 2506, 500, 1000, 2000, and
4000 cycles per secund These frequercles ccmprise the

. e 318
frequency range important for understanding speech and
seem to be the most sensitive frequencies for human belngs.
They also represent egqual cctave steps on the logarithmic

frequency scale.

317J. P. Gullford, Psychometric Methods (New York:
McGraw-Hill Book ccompany, ino2., .954), p. 100.

318Ha113well Davis and S. Richard Silverman (eds.),
Hearing and Deafness (New York: Holt, Rirehart and
Wirston, Inc., 1900), p. 52.

1E
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The five lcudness levels at which the stimull were
presented were 40, 50, 60, 70, and 80 phons. Phons are
loudness units based on the psychological interpretation

of intensity. Fletcher and Munson319

asked subJects to
equate the loudness of various frequencles to the loud-
ness of a 1000 cycle tone. From this loudness-matchlng they
established equal-loudness contours, and the units of
measurements were labelled phons. The levels chosen repre-
sent equidistant loudness levels from faint to loud.

For presenting these loudness levels to the subjects,
1t was necessary to determine the 1intensity equivalents
in declbels (re 0.0002 dynes per square centimeter). The
desired intensity levels were interpolated from the eqgual-
loudness contours determined by Fletcher and Munson. The
experimenter and one other person obtalned the decilbel
equivalents for the five phon levels at the five chosen
frequencles. The curves used for this interpolation are

320

presented 1in Fletcher. The greatest amount of disagree-

ment between these two persons was 3 dB, an intensity differ-
ence that 1s hardly--1if at all--detectable by the human

ear.321 This 3 dB difference occurred only once out of

319Harvey Fletcher and W. A. Munson, "Loudness, Its
Definition, Measurement, and Calculation," Journal Acousti-
cal Society of America, V (October, 1933), pp. 82-108.

320Harvey Fletcher, Speech and Hearing in Communlca-

tion (Princeton, New Jersey: D. Van Nostrand Company, Inc.,
1958), pp. 186-187.

321

Davls and Silverman, op. clt., p. 35.
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25 measurements. Since the interpolations were not con-
sidered to be audlitorily different, an average of the
measurements by the two persons was taken as the intensity
levels at which the sounds were to be presented. The
average results of these measurements are presented in
Table 1.

» Fletcher and Munson used a 1000 cps tone as thelr
reference tone; therefore, all phons at that level are
the same as their intensity equivalents, 1.e., 40, 50, 60,

70, and 80 phons.

TABLE 1.--The average 1interpclations for the intensity
equlvalents of phons given in decibels re 0.0002 dynes
per square centlmeter.

Phons
Frequencies Lo 50 60 70 80
250 51 57 65 72 81
500 43 51 61 70 80
1000 40 50 60 70 80
2000 40 50 60 70 79
4000 38 48 58 67 75
Sounds were presented at five durations: 1, 3, 5, 7,

and 9 seconds. The shortest duration chosen--one second--
avolds one of the difficulties in the reproduction of temporal

intervals, i.e., reaction time. Gui]fordjzc states that

322Guilford, cp. cit., p. 98.



aithough the reprcductlion methcd 1s converlent for the

I nvestligaticn of the percepticn of time, 1t shouid be
used with some discretion. When the subject attempts

t © reproduce a standard time interval, reaction time enters
I1nto the response. He feels the error due to reacticn
ti1me may be minor when the intervals are relatively large;
but when the time intervals are small, the results may be
Jeopardized. It was impcrtant that the results of this

€ Xreriment measure actual abllity to reproduce a duration
and not the subject's reaction times in depressing or

re leasing a key. In a preliminary trial it was found that
1t took approximately .3 second toc depress and release a
Key. To insure that depressing and releasing a key did
not affect the reproductions, the one second duratlon was
Chosen as the shortest to be used in this experiment.

It was also deslrable that the durations cf sounds
StTudlied be evenly spaced, but it was necessary to make
Certaln that the durations were not too long. The experi-
Menter wanted tc keep all sounds within a "unity of
duration;" by that is meant the interpretation of an ex-
Perience as one event. Beyond unity the subject would
€ Xperlence a series of events, even though the stimulus
Mmight remain the same. From the results of previous
research i1t was found that the upper limit of unity fell

5
Somewhwere 1n a range from 2.3 to 12.0 seconds.B‘3 The

—

323WOodrow, "Time Perception," p. 1230.



time lengtns cnosen for tre present study, then, represent
duraticns trnat snosuid nct be affecied adversely by reaztion
time nor by th= expesriernce ¢f scmething mcre than unity;
yet, the intervals are equally spaced.

With five frequencies, five .Lcudness levels, and
five duraticns a toral cf 125 combinaticons for the stimulil

was possible. Thnese 1¢S5 ccmbinaticns were randomized

AP}

4

[WV)

(without replacemsnt) ty a table of rarndcm numbers.
Five different rzndomizaticrs were made, znd the individual
sutjects heard a2 different rardomizaticn at cach session.
Practice stimuli, presented before each experimental

sessicn, were randcmized in the same manner.

Manrer <of presentation --Each subject first read the

instructicns and was allcwed to zsk guestlions about them.

A practice sessicrn wilith twenty practiice stimull was then
held. After practice, the sub’ects were again alicwed =2
ask gquestions. The stimuil resurting from the 125 domiz=d

comcinaticns of duration, freguency, and rcudness were then
prezented cne-cy-cne binaarally.

the suvject; the

[4)]
o
N
4y
Q,
—
O

The stimulus was fir

o

t press
subJect was given 1% sec3nds in whicn to make hils reproduc-
tion of the duration. The interstimulus interval (15 seccnds)

remained constant regardliess c¢f the duratiorn of the stimuius
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1n crdsr t5 avoid the

Fifteen sec
responding tc
trial it was fcund that
underestimated; but even when the
seconds was cveres

response interval al

nTrcaucticn

the duratiocns presented.

imated in the trials,

l-wed an ample duratio

2f unknown varlables.

onds was fcurd to be an adequate interval for

In a preliminary

.onger intervals tended to be

lcngest interval of nine
a fifteen secord

n fcr responding,

After the subjec®s had heard the stimulus, they were

asked to depress a telegragh key ard heold 1t dewn for as

long as they thcught the stimulus

lasted. When the tele-

graph key was deprezcsed, the subjects heard the same fre-

quency and the same loudness that
stimulus interval The cnliy vari
of the duraticn.

The follcwing instructicns

e you 1is the

sgble

were heard during the

was the reproduction

were given tc the judges:

The task befcr reproduction <f time
intervals. Ycu are goclirg tc hear a serlesz of tones
of varied duraticns, frequencies, a=d >oudness
levels. The virne yzu will hear fcr each stimulus
wlll te a continucus cnej; as so-n as the tone ceases,
veu are tc depress the telegrarh kKey btefcre you and
hold 1t dewn for zs long as you think the stimuius
lasted  When ycu depress the key, ycui will hszzar the
same git:-h ard the same lcudrness: tnat you heard
during the stimulus.

This 1s rot a test of reacticn time; therefore, 1t
1s not impcrtant that you degpress the key with great
speed. Depression <f the key tco soon will cut off
the tone, and ycu wlll ot hear the entlre stimuius,
On the other hand, as socn as ycu are pesitive the

stimulus has ceased, ycu may

depress the key. There

wlll be adequate f¢me for you to make your reproduc-

tions of thls duraticn;

but the longer you wait,

the

more 1lkely you are to mzke errors in your reproduc-

tions c¢f the intervals. You

time to make your reprcducticns;
long, you wiil cut off the next stimulus. Since

t have unlimited
and 1f you wait tco
ycou

do nc



need not rush your Jjudgments but must respond within

a reasonable pericd of time, the folicwing suggestiors

are glven to help you determine when tC- make your re-

production: As socn as you are sure *“he stimulus has

ceased and as soon as you feel you can reprcduce the

time interval accurate.y, depress the key. Be careful
3

not to depress the key aczcidenta.ly, for this wilil
interrupt the prcgrammirg of the presentations.
The 1Intervals between stimull will be the same.

Sometimes you will have a shcrt period to wait after
your reproducticn; at other times you will have a
longer pericd to wait. There will be no alerting
slgnal or tone to 1ndicate when fthe next stimulus 1s
to occur, The onset ¢f the siimulus will be yocur
alerting sigra. Try to stay prepared throughout the
entlire test for the cnset c¢i the stimull.

You are to Judge cnly cr. the experience cf duration.
It 1s Impcrtant that you make no cvert or ccvert
attempts tc count cut the time interva. you are reprc-
ducing, neither during the stimuius nor during your
reproduction of it. Make every effcrt to avold such
things as counting to yourself (1iC01, 1002, 1003, etc);
locking at your watch; making rhythmical movements
with your hands, feet, cr tongue; ccunting your in-
halaticns and exhalations. This is a test of your
abllity to repr.duct temporal intervals, nct of your
ability to count »ff segments of time. Pay attention
cnly tc the sersation of duration.

You will first hear twenty stimu:l for practice. If
there are any questiocns regarding your task, ask them
during or after this warm-up pericd D> not asxk
questions durlng the test itself. There will be 125
stimull ¢cn the test.

The results of mezsurement with a sound level meter

showed that the ambient room ncise aft the subject's ear
level outside the earphone cushicns was, orn the average,

51 dB (re 0.0002 dynes per square centimeter).

Apparatus.--The following instruments were used for
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recording the stimuli znd for pr

2
the subjects:

1. 31 magnetic recording tape, Type 203
c tt-Packard Low Frequency Oscillator,
c0¢e-C
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Ampex Tape Recorder, Model 601-2
Hunter Timer, Model 1060-C, Series D
Ampex Mixer, Model MX-35

Ampex Line Amplifiers, Model 620
Bruel and Kjaer Electronic Voltmeter,
Type 2409

Bruel and Kjaer Sound Level Meter,
Type 2203

Telephonics earphones, Model TDH-39
Hughes Alrcraft Timer Stop-Computer,
Model J 9101

Dressen-Barnes 24 volt power supply
Model .28-2MX.

[@ANe} (o) ~N o0 W

= e
-

Recording of the stimull.--The practice stimull and

the stimull for the experiment 1tself were placed on magnetic
recording tape. The stimulus tone to be reccrded was gen-
erated by the low frequency oscillator. The slignal was
timed by the Hunter Timer and sent into Line One of the

tape recorder. The stimulus next went into Line One of the
mlixer. At thils point the signal was amplified by the milxer
and further by the line amplifiers. The signal was monil-
tored on the voltmeter. When the stimulus duration had
ceased, the Hunter Timer automatically switched the tocne
from Line One of the tape recorder to Line Two of the tape
recorder. Thils tone was sent through Line Two of the mixer,
amplified, and mcnitored on the voltmeter. The entire sys-
tem had previously been calibrated with the sound level
meter through the earphones to be used in the study. The
reading on the voltmeter, therefore, represented the level
to be heard bty the subjects through the earphones. A blcck
dlagram of the recording instrumentation 1s shown in

Figure 1.
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The actual duration of the stimulus tone recorded on
tape was accurate--on the average--to .18% of the intended
duration. The tone for the stimulus 1nterval was recorded
on Channel One of the tape recorder, whereas the response
interval tone was recorded on Channel Two. The Hunter
Timer was used to time the stimulus duration; the Hughes
Alrcraft Timer was used to time the taped duration of the

response 1interval.

Response to the stimull.--The taped stimull were played

through Channel One of the tape recorder into Line One of
the mixer. The signal was sent through Outputs A and B
simultaneously to the earphones. When the subject depressed
a telegraph key, Channel Two of the tape recorder was opened
and the subject heard the tone present during his response.
This tone was sent through Line Two of the mixer and again
presented blnaurally through Outputs A and B. Depression

of the key also started the Hughes Alrcraft Timer that was
used to time the duration of the responses. This timer was
run by the Dressen-Barnes power supply. A block dliagram

o]

of the instrumentation for the response is shown in Figure 2.

Subject selection.--Five subjects were selected as

Judges 1n thils experiment. Four of the subjects were
graduate students 1in Speech and Hearing Sclence at Michigan
State University; the fifth subject was a senior staff

member in Speech and Hearing Science at the institution.
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The ages of the subjects were as follows: 26, 26, 32, 33,
and 43. All five subjects were experienced in experimental
procedures. Each subJect had a hearing level of at least

+ 15 dB (re audiometric zero) 1n each ear at the frequenciles
used in the study, i.e., 250, 500, 1000, 2000, and 4000

cycles per second.

Training of subjlects.--Since 1t was assumed that the

task in thls experiment would involve learning, 1t was
necessary to adopt a criterion of saturation of learning.
If learning in thils task followed typical learning curves,
there would be an initilal period of acceleration of
learning followed by a plateau. With this in mind, the
criteria set for thils expected asymptote were as follows:
when, on two successive trials, the subjects' mean repro-
ductlons were not silgnificantly different and showed a
correlation of .90, they would be aczcepted as "trained"
subjects. The formulae used for the t-test for related
means and for the test of correlation are found in Blalock.325
Four of the five subjects met these criteria on the
first two trials. The other subject did not reach this
asymptote until the second and third trials. Table 2 shows
the results of the t-tests and the tests for correlation.

The data used to compute these statistics are found in

Appendix A.

325Hubert M. Blalock, Jr., Social Statistics (lew York:
McGraw-Hill Book Company, 1960), p. 181, p. 289.
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TABLE 2.--Results of the t-test and test for correlation on
two successive experimental sessions to determine accepta-
bility of subjects.

Subject t r
1 1.78 .94
2 .50 <93
3 1.35 .97
4 1.25 .88%#
5 6U .93

* t of 1.96 significant at the 5% level of confidence
¥ r of .88 not significantly,different from r of .90
as measured by Filsher's Z.

326John Gray Peatman, Descriptive and Sampling Statis-
tics (New York: Harper and Brothers Publishers, 1947),
p. 386.




CHAPTER IV
RESULTS AND DISCUSSION

As was discussed in Chapter III, each subject repro-
duced the duraticn cf stimull consisting of 125 combinatlons
cf duration, frequency, and loudness at each experimental
sesslon. When the subject had two consecutive sessions
showing no significant difference between means and a cor-
relation cf +.90, he was considered as an acceptable subject
for this study.

Using the reproductions of these two consecutive
Sesslcns, the exrerimenter employed the following procedure
To establish the raw data for analysis: The difference-
time (LT) was established by finding the difference between
the actual stimulus duration on the tape and the subject's
rreproduction of that duration. The difference-time was
then divided by the actual duration of the stimulus. The

A

I’esulting ratlo, therefore, was T - The sign of the

I"eprcducticn was always kept in making these computations.
If tne regrcduction was shorter than the stimulus duration
(that is, underestimated), the ratio carried a minus sign;

1f the reproductlion was longer than the stimulus duration

(that 1s, overestimated), the ratio carried a plus sign.

i28
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Thils method c¢f treatment avoided the problem of putting
too much emphasis on the slze c¢f error in comparison witn
the actual durazicn. In other words, 1t was felt that a
difference-time of .05 second was not of the same magnl-
tude for one seccnd as 1t was fcr nine seconds.

Since each stimulus appeared twice--once each for
the last two experimental sessions--tne mean cof these
two reproductions was used as that subject's score fcr
that particular combination of duraticn, freguency, ard
loudness. Each subject, therefore, nad a toral of one-

hundred and twenty-five averaged reprcductions. The

>focre submittfing these data to an
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analysis cf varlance to determine whether there were sig-
nificant differences in subject response among the dura-
tions, frequencies, and ioudness levels, it was necessary
T o check one ¢f the assumptions of an analysis cf variance
honcgeneity cf variance. In crder tc detzrmine whethner
there was homogeneity of variance for duraticn, for
frequency, and for 1lcudness, an F-lMax test was ccmpwed.3
The results of this test are found in Table 5.

The results of the F-Max test indicate that all thre

Variables--duration, frequency, and loudness--lacked

—————

9

e

327D1xon and Massey, c¢cp. cit., p. 20.
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TABLE 3.--Variances used to compute the F-Max tests for
homogenelty of varlance for duration, for frequency, and
for loudness.

Duration Varlance Frequency Varlance Loudness Varlance

1 sec. .065 ¢50 cps .048 40 phons .064
3 sec. .019 500 cps 044 50 phons .052
5 sec. .013 1000 cps .047 60 phons 041
7 sec. .020 2000 cps .058 70 phons .050
9 sec. 017 k0G0 cps .065 80 phons .053
F-Max = 5 0% F-Max = 1. 477% F-Max = 1.56%
N = 125

¥ P of 1.39 significant at the 1% level of confidence3a8

hemcgeneity of varlance. The varianzes for duration showed
this lack of homogenelty to a greater degree than did the
variances for frequency and lcudness. The assumpftion of
hcmegenelty of variance, therefore, could not be made in
this case. The high F-Max in the case of duration was
caused primarily from the large variance for one second.

If the variance for one second 1s not ccnsidered and another
F-Max test computed, the resulting F 1s 1.54. This means
that, even when only the durations of three, five, seven,
and nine seconds are used 1In the F-Max test, the varilances

are stlll nct homocgeneous.

——

328George A. Ferguson, Statistical Analysis in Psy-
CShology and Education (New York: McGraw-Hil. Book Company,
LIz, 19597, pp. 310-313.
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205
Linqulst3” cites a study by Norton, however, which

studled the effects of non-normaliity and heterogeneity of

variance. Norton found that

. .+ .unless the hetercgeneity c<f either form or
variance 1s so extreme as to be readily apparent
upon inspection of the data, the effect upon the
F-distritution will prcbably be negligible. 1In
general, when the hetercgenelty in form cr vari-
ance 1s "marked" but not "extreme," allowance may

be made for this fact by setting a higher "apparent"
level of significance for the tests of tregamenf
effects than would otherwise be emplcyed.

With thils 1in mind, the 1% level of significance was chosen
over the 5% level of significarnce.

On the basls of the Ncrton study, it was declded that
even though there was lack of homogenelity, an analysis of
varlance would be emplcyed. It should be understood, there-
fore, that the results 1in the present study must te read

wilth the fact in mind that the experimenter was willing t=

b reak the assumption of homcgeneity of variance.

The aralysils of wvarliarce --The data were subjected t2

o

a factoral design (5 x 5 x 5) analysis of variance. A

analysis of variance rcutine (FACREF, Cpticn 3) for the
CDC 3600 computer was employed;jsl The results cof this
analysis are found in Table 4.

329 o \

E. F. Lindquist, Design zrd Analysis of Experiments
in Pesycholcogy and Edu-2t1-.n (Bosn: Rougntor Mitfiin Comn-
bPany, 1953), pr. 70-60

0-
339%1p44., p. 86
1
331 D. F Kiel, A. L. Kenwcrthy, ard W. L. Ruble, Anzlys
é?f\ Variarce R"uf*“°< (East Larsirng: Michigan Statvs Unijers:
S ptemper 30, 1963), p. 24.
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TABLE 4.--Summary table for the factorial deslgn analysis
of variance.

Sign.
Source of Sum of Mean F atgl%
Variance Squares DF Square Statistic [aye332

DURATION (D) 15.94116640 4 3.98529160 134.03327 3.34
FREQUENCY (F) .13473440 b .03368360 1.13285 3.34

DXF .33302720 16  .02081420 .70002 2.77
LOUDNESS (L)  .26459680 4  .06614920  2.22473 3.34
DX L .29686080 16  .01855380 62400 2.77
FXL .11550080 16  .00721880 24278 2.77
DXFXL .61800960 64  .00965640 .32476  1.60
ERROR 14.86679999 500 .02973360

TOTAL 32.57069599 624

The results of thls analysis showed that the only
varlable showing significance was that of duration. There
were no significant differences 1n subject responses amcng
the different frequencles nor among the different loudness
levels, and there were no significant interactions among
or between the variables of duration, frequency, and loudness.
The following hypothesis was, therefore, rejected:

1l. There 1s no significant difference in a sub-

Ject's ability to reproduce temporal intervals

of flve different durations: 1 second, 3
seconds, 5 seconds, 7 seconds, and 9 seconds.

332Ferguson, loc. cit.
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The fcllowilng hypotheses were not rejected:

2. There 1s no significant difference 1n a sub-
Ject's ability to reproduce temporal intervals
of filve different frequencies: 250 cycles per
second, 500 cps, 1000 cps, 200C <ps, and 4000
cps.

3. There 1s no significant difference 1n a sub-
Ject's abllity to reproduce temporal Intervals
of five different loudnesses: 40 phcns, 50
phons, 60 phons, 70 phcns, and 80 phons.

4, There 1s no significant interaction between
duration and frequency irn a subject's abillity
to reproduce temporal intervals.

5. There 1s no significarg interacticon between
duration and loudness 1in a sutject's ability
to reprcduce tempcoral intervals.

6. There 1s no significant interactiocn between
frequency and loudness 1in a subject's ability
to reproduce tempcral intervals.

7. There 1s no sigrificant Interaction among
duration, frequency, and loudness 1in a subject's
abllity to reproduce tempcral intervals.

The differences, in terms of é% , amcng the responses
to the duraticns can be seen in Figure 3 The means and
standard deviatlions used to plot the curves in Figure 3
are found in Table 5. The large deviaticn for one second
1s visually evident on the graph. Sinrce the variables of
frequency and loudness had no effect upcn the reprcductions
and since there were no significant interactions whatsoever,
the data have been combined to show the effects of duration
only. In order to determine where the differences lay

among the different durations, a critical difference test 27>

333Lindqu15t, op. cit., pp. 90-96.
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TABLE 5.--Computed means and standard deviations of the
reproductions <f each stimulus duraticn
Seconds Mean Standard Devizticn
1 +.28656 .255043Ce
3 +.11112 .13893250C
5 - 00768 .11408214
7 -.09512 .13396858
9 - 16528 13097387

was employed. It was found that a difference between two
means of more than .056244 weuld be significant. The

results of this test are shown in Table 6. The critical

TABLE 6.--Critical d:iffe between the means of reproduc-
T e

Me ars _ ) Differences
3 e z se 7 sec: 9 zec
1 sec. = + 28656 1 s=c L7540 c9uzak 38,68 uc1gL#
3 sec. = +.,11112 5 sez INRSECIO LoUE oL Lo JCC*
5 sec. = -.007€8 5 sec. OQB7 4t 153760%
7 sec. = -.(03512 7 sez. 7oL
9 sec. = -,16528

¥ Difference tetween twc means significant at the 1% level ciI
confildence.
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Weber's law.--As was stated in Chapter II, there have

been ccnflicting regpcorts cn the agrplicaticn of Weber's Law
to the Judgment of time. Some researchers have fcund that
this ratio (5%) did nc® apply tc time. If this ratlio did
equal a ccnstant, as Weber indl:ated, then the curve 1n
Flgure 3 wouid be flat. In <the prezent study Weber's Law

does not appear t2 hold, sirce *he curve pictred in Filgure 3

does not seem tc flatten cut 1n ary area.

ct

Scme researchers, con the cthner hard, have fcund Weber's
p £ 1749 334
Law holding for certain circumstances. Gilliland®’" found

that Weber's Law seemed to hz:d for durations cf 4-27 seccnds,

‘L_j 4 T <
and Henry33’ noted a dezrease in the Weber ratio as duraticn
Increased. Cn the basis ¢f these studies, ore mignt expe:t 2

nign ratio at tnhe shorter duraticrs and a 1ower ratic at Tthe
ionger duratzons. The phencmena are a-so evidsnt in the
present study. By closely surveylng Figure 3 and bty 1locking
et the critical difference scores in Table €, 1t wzuld appear
that there may also be a slight levesling coff of the curve

representing the Weber ratio for the longer durations. 3ucln

4 _
33‘Gilliland, cp. cit., p. £55.

—_—

335Henry, cp. clt., pp. 737-739.
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a leveling off would be expected 1f rthe underestimatiocons

were extremely large. The largest é% pcssible In the case
of overestimaticn is infinity, but in the case of under-

. AT v S
estimation the largest T possible is coniy 2.0. Faillure

to reprocduce the interval wcould result 1n a ratilo of 1.0.

In other words, i1f reproductions of the long intervals

were extremely short, ore would expect to see the beglnning
AT

of a flattening of the curve representing -

The time-crder error.--Referring to Figure 3, it can

easlly be seen that--con the average--thes du ol cre

3
ct

s

on

()]

a
and three secconds tended tc be cverestimated and the dura-
tions of seven and nine seccnds tended to be underestimated.
Thils finding wculd sugpport Vierordt's Law, which states

that short intervals are overestimated and long intervals
are underestimated; nevertheless, when cne conslders the
actual reproductions and rst the average, one would have to

336

agree with Wocdrcow, who found that ali intervals are
cverestimated sometimes and underestimated other times.
Not all short intervals were a.ways overestimated, and nc:

all long intervais were always underestimated.

The indiffersnce point.--The 1ndifference pcint 1in

thls study would be the place where the stimulus durations
were neilther overestimaned ror underestimated, 1. e.,

where the é% 1s equal to zerc.

o
ct
%)
a]
<
K

336Woodrow, "The Regroduction of Tempcral In
pp. 473-474,
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That pcint, established ty lilnear interpolation, is
L.GC seccrds. w:odrow337 has stated that the indifference
Intervail <f C.5 t0o 0 7 seczcnd has teen reported more than
cthers. In thes prezent study, the indifference pcint cf
L4.90 sezcnds lies well above these points. It will be re-
called, however, that scme authcrs have suggested there 1is
a central tendency influence in a long experiment, 1. e.,
There 1s a %erdency fcr the Judges to Judge agailnst the
average c¢f the range c¢f stimull used. Such wculd appear *to
be the case in the present study  The indifference pcint 1is
1ccated cnly slightly be_cw the midd.e of the range c¢f dura-
t1ons used

The indifference point for this study was determlined by
the mean of the five subjects. Subjezt indifference points
varied, however, from apprcximately 3.20 to 7.65 seccnds.
Thi1ls weuld remind us cf Stctt's.‘: ccntenticon that subjects
Play a great part in the determinaticn of an indifference

yad indifferent polnts belcow

-

ln+erval. Two of the subjects

+ :
35 had indifference pcints

+¥e gseconds and thres surje

At ove five seconds.
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duratiors the effect of intensity upcn apparent duration
decreases. Hirsh, Bilger, and Deatheragquo found that
reproductions were lornger when reprcduced in noise.

Wallaze and Rab:m”1

a_.so report that if the intensity of
a sound is increased during an interval, the duration
tends to be overestimated.
342 .
Fralsse also noted that the frequency of the
iilmiting sounds affscts <he apparer® lengtn of an interval.

A study ty ".L‘r:p'.ettj“j shcwed that 2

ct

ch

o
o

cund ¢f high pil

seems longer than a deeg sournd. Onr the cther hard, Cohen,
. i

Hansel, ard Sylvester” found a tendency fcr higher tones

to seem shorter thar 1cw tcres.

Sirce different studies have used different duratizns,

di fferent lcudness levels, and différent frequencies, 1t 1is
Understood that there canndst always te a direzt comparison
a@mong studies. The results of the present study, however,
iridicate that, at least within the ra~ngs of frequencies and
loudresses gtudied, there 1s nc effect cf these stimulus
Parameters upcn the reproductizsn c¢f durations . It wvery

We 11 could be, of ccurse, that extending the range of fre-

QUencies and loudrnesses might show greater effects upoun tne
\

4 -
3 OHirsh, Bilger, and Death it., pp. 501-5

D
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)
3%1yal1ace ard Rabin, cp  cit , p 220

342 . -
Fraisse, ¢p. c:t., p.- 130.

3M3Triplett, cp. cit., pp. 201-265.

4y P
3 Cohen, Hansel, ard Sylvester, cp. Cit., pp. (4z-C-0
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interpretation of duration. For example, sounds nearer

discomfort level than those used in the present experiment

might affect the reproductions. The results shown in this

paper, however, glve no indicatlion that this would occur.

Subject differences.--By use of expllcit instructions

1t was hoped that some of the expected subjJect variability
could be controlled. Specifically, the subjects were

asked to avold counting and using rhythmical movements of
the body. Subjects reported that they found 1t difficult

not to count; all felt, however, that they had followed

the instructions explicitly. After the experimental trials

were completed, most subjects found it difficult to
describe Just what methods they had used in reproducing the

Intervals. One subject did say that he tried to catch the

duration "out there." This particular subject was one who

tended to make his reproductions shorter--that is, to

Underestimate--the durations. This follows the pattern

Noted by Woodrow:Bu5 when subjects reproduce intervals in
an automatic manner, the reproductions tend to be short.

Some of the subjects suggested that they found it

diﬁfficult to concentrate on some of the tones. Thils comment

postibly would suggest that some of the durations--probably

the longer ones--extended beyond the "unity of duration."
\

of 3uSWoodrow, "Individual Differences 1in the Reproduction
Temporal Intervals," pp. 271-281.



As had teen expec-=2d, “he task resulted in sub ezt
variaticon. Subjects One and ITwo seemed to experience
£

duraticn in a similar manner, fcr bcth terded tc under-

the durations. Subjects Three, rcur, and Five

(1)

estimac
all made similar Judgments by tending tc overestimate

the durations.

Serial pcsiticn.--Since the effects of serial pcsiticn

had teer roted in some previous studies, the guestiocon was
raised whevher subjJects were ary better in thelir judgments
2n a gparticulzar pcocrtizn <f the serles than in arsther
pcssible effect, the last

sessizcn for each subzect was chosen for study. The first
€2 stimulz in the seriecs of 125 were compared with the
last 62 stimull in the same experimental session. These
data were analyzed by a t-test programmed for the CDC
3€00 computer. The resulits of this aralysis are found in
Table 7.

From the analysis of thils ccmparizon it can be seen
that there were nrno significant differences for any cf the
Subjects tetween the flrst half and the seccernd half ol The

€Xperimental session. This would 1ndrcza-e

POsition had no sigrificant effect in this study.
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TABLE 7.--Differences between tempocral reprcducticns in the
first half and 1n the seccnd half of the last experimental

session.
Subject c
1 -0.8u4228
2 -1.37867
3 -0.79643
y -0.44857
5 -0.40711

* t of 1.98 necessary for significance at the 5% level of
confldence.



CHAPTER V

SUMIMMARY AND CONCLUSIONS

Summary

The toplc of time can be viewed in two baslc ways;
ocbjectively and subjectively. In the objective view,
prime consideraticn 1s given to the physical units of
time. In the subjective view, prime consideration is
glven to the psycholcgical interpretation of time.

Several discourses exist regarding the nature of time--
both from the pnysical and from the psychological stand-
polnt. In splite cf the fact that muth research has been
accomplished in the study of time perception, results have
often been contradictory A review of the writings on the
interpretation cf time indicates that time perception
appears to be an individual phencmenorr. Although not all
authors agree on hcw time 1s perceived, most belleve that
time perception 1s 1ndividualistic 1in nature.

Much has also been wrltten regarding the effects cf
the content of the interval upon the interpretation of time.
There have been few studies, however, that have treated the
temporal interrelatiorships of the parameters of a pure tone
auditory stimulus, 1. = , frequency, intensity, and duration.

Some have suggested that the louder a sound is, the leonger

a3
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1t wi1ll seem. It has a.so been noted that a sound of high
pitch seems longer than a sound <f 1lcw pitch. Others have
found that intervals of short duration are more accurately
perceived than lcng intervals of time. The results of
research regarding these parameters, nevertheless, have
teen conflicting.

The purpose of the present study was to examlne the
effects of duraticrn, frequency, and loudness upon the
ability of subjects to reprcduce temporal intervails.
Specifically, 1t was asked whether the frequency, the lcud-
ness level, cor the duraticn of a pure tore stimulus has
any influence over the reproduction of the duration of
that stimulus. In addition, the question was raised
whether there might be inter-relaticnships among these
three parameters that might affect the reprcduction of the
temporal intervals.

Pure *t:cnes cof either 250, 5C0, 1000, 2000, or 400C
cycles per sezond at izudness .evels of 40, 50, 60, 70,
or 80 phons were presented to subtfects at five different
durations: 1, 3, 5, 7, and 9 seconds. One-hundred and
twenty-five stimuli, consisting of different ccmbinatlons
of duration, frequency, and loudness, were placed on mag-
netic recording tape to be presented to the subjects.
Different randomlizations of these combilnations were pre-
sented to ncormal hearing subjects on successive days

until the subject's reproductiors ¢n twe consecutive
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experimertal sessions were not significantly different
and showed a correiaticn of at least +.90,.

Each subject heard a stimu_us for a specified dura-
tion. He then depressed a telegraph key to reprcduce what
he perceived tc be the duration <of that interval. The
same procedure was emp.oyed throughout the 15 stimulus
combinaticns. During the period of reprcductlcon the
subjJects heard the same freguency at the same loudness
level tha*t was present during the stimulus 1interval.

The difference-time between the actial durztion of
the stimulus and the time of reproduction was cocmputed.
This figure was divided by the duration c¢f the stimulus.
Tne resultirg ratio to be used in the ana.ysis was, there-
fore, A% . If the reproduction was shorter than the
stimulus duration, the ratio carried a minus sign; 1f the
reprcduction was lcnger, the ratio carried a plus sign.
The mean of the iast two experimertal sessions was used as
the subJect's score for each particular ccmbirnaticn of
duration, frequency, and loudness.

An F-Max test was ccmputed, and 1t was found that
there was a lack of homcgeneity of varlance for eacnh c¢f
the three stimulus paramsters, Norton346 has 1ndicated,
however, that lack of homogeneity of variance prcbably
has a negligible effect upor an araiysis of variance.

With this study as support, the experimenter prcceeded

3401 ynaqusst, oo cit., pp. 78-88.
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with a factorial design sraliysis of variance. The results
of thls aralysis shcwed that the conly signiflcant varlable
employed in this study was duraticn. The parameters of
frequency and loudness had little or no effect upon the
subJects' abilities to reproduce the time lengths employed.
In additlon, there were no combined effects among the

three variables. A critical difference test was computed
to determine where among the five durations the differences
lay. It was found that differences existed between all
possible combinations of durations.

In thls study there was a tendency for subjects to
overestimate intervals of one and three seconds and to
underestimate intervals of seven and nine seconds. The
five second interval represented what has traditionally
been designated the indifference interval, the actual

indifference point being 4.90 seconds.

Coriclusions

Within the limitations of the present study, the
followlng conclusions seem to te warranted:

l. Nelther the frequency nor the loudness level
of a pure-tcone stimulus affects a subject's ability to
reproduce temporal intervals. At least for the ranges
of frequency and loudness used, it 1s apparent that the
acoustic contert of the interval had no detrimental

effect upon the reproduction of duration. The duraticn of
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a tcne that 1s only slightly above detecticn threshold is
percelved in the same way as the duratlion of a relatively
loud tcne, and the duration cf a low-pitched tone is per-
celved In the same marnrier as the duraticn of a higher-
pltched tone.

2. Reprcducticn of filled tempcral intervals is
affected by the duration of the stimulus. On the average,
the durations cf cne and three seconds resulted 1n over-
estimations of the 1intervals and the duraticns of seven
and nine seccnds resulted in underestimatiocns of the
intervals; the filve-second duratizn was neither over-
estimated nor underestimated. All durations, however,
were at one time or another bcth cverestimated and under-
estimated. Differences 1in temporal interpretation cf pure-
tone stimull existed between all possible palrs cf
durations employed. The duration of ore seccond appeared
to be more difficult to reprcduce accuravtely than the
duratlons of three, five, seven, or nine seconds,

3. The é% for short durations is greater than

the é% for lorig durations. The curve representing this

ratlio 1s reiatively linear from a positive ratio fecr
one and three seconds through an indifference polnt near
five seconds to a regative ratio for seven and nine
seconds. On this basis 1t can be concluded that, in
thls particular experimental circumstance, Weber's Law
does not appear to hold for the reproducticn of temporal

intervals.
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to be pursued. Scme czuld be undertaxksn to further ths
P

kncwledge of the zzp=cts of rnormal tims perception. Bey
that goal 1s the pcsaitilzty of studying ztncrmal, or dils-
ordered, time percepticn The following specific areas
are suggested for adding to the general knowledge of tim=
rercepticn,

The use of differe-t vsycnoghyszca. m=2thods.--As ha:s

Eeen ncted previcusly, different psychophysiczal methods

Nave besn emplcyed in the study of time; and rasulss hsv:



Changirg the convent of the ir-ervai.--The stimulus

ranges used 1in thes gressn- =x*erded., Tinz:
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of greater cr lesser irntensity, higher

O

r lower f[reguency,
and lorger or shcrter duration cou.d be emplcyed o
determine whether cr ro* the same resul*s and ftrends
would be cbtained.

Pure tones were used sz

un

stimull Iin thils study, bur
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different *type

-

there 1s a pcsaibilicy
imuli wou.d cnarnge the Interpretaticrs oI

(-f

acoustl

O

time. For example, =°rne might ask whevher ccmpliex tones--

elther harmonic c¢r rnharmcnic--wcouw.d h=ip cr interfere

[OH

05

with the Judgment 2f duraticn Such varisd stimulli as
white ncilse, saw-tncoth ncisz, envircnmental noises,
music, and speech could be used asz fi..ing for the inter-

vals ©0 be judgzed. In adiition, The accustic stimuli

o)
t
oy
b
O

would ncet have to Lo Continudodus as thgy wers 1r
case; warkled tones, pulsed tones, and cifferent raoythmic
ratterns could alsoc be employed. In the case of rhythmic

czvterrs, the intervals -ould bte judged on thelr overall

duraticn or the rhythmic pattern itself 2cuild be rezproduns?

3
X



Individuz. 2ifferernces --The age rargs cf the sub]J
used in this study was szmewhzt restricted--from 26 to 43,
Cne might guestion whether younger subjects and cider sub-

Jects w2uld respcnd in the same marrer. Ths possitiliny
cf different respcnses to tims in the agirg 1s especiall
ntrigulng. Wculd the empirical eviderce fzr a change

in time perception in the aging appear in the results of

Increasing the number c¢f subjects and having each
subject reprcduce Just ore duraticr several times would
c.imirate the central tenden:.y facstcr. Irh':s m-rhad of

L:

experimentaticn might alter the rssusts found in t!

.)’

present study. Experiments cou-d also be performed tc
determine whether trere .s any correlaticr between psrion-

all+ty factirs end the way in which time is perceived.
¥

F
speech and hearirg discrders suggestis the n=-d for
further study in this ar=sa. One of tne early ccnsidera-
ticns 1n chcsing the present study was the pessibiiiwy
that time percepticn might be a much neglected factor in

the study cf speech production and sound perception. The

experiment was undertaiken with the id:a r mind that 1%



with speech dizordsr

/2]

, hear.ng diszrders, or both cculd then
be made.

Before suzh a2 test c¢could be proven to be a valuatle
tool, further research 1s obvicusly necessary. If <the
gerccedures of the present study were to be used, 1t woculd
be unnecessary %o retain the varicus frequenciles and

evels, One freguency ard one loudness (perhaps

—

loudness
1000 cps at 60 phers) would te sufficient. It is nct
certaln, hcwever, <hat the interval ccntent emplcoyed in
this study would bte the mcst discrimirating. Scme of the
studies menticred previcusiy wou.d 224 in making such
decislicons,

The psychecphysical methed uzed in constructing
such a test must also recelve prime consideraticn, for
this test would have to employ procedures that most
people could perform without difficulty. Whatever the

dect

n

icn ¢n the psychophysical method used, m23t or

the following suggesticns cculd te adapted tc the methcd.
Several authors have suggested the pressnce of

disturbed time perception in the brain damaged,

Specifically 1in the symbolic disturcance cf aghasia.

The results of research in this area might add to our

arsenal of testing zr.d therapeutlc techniques.

Stuttering, with 1

tn

arhythmic speech patterns,

1s another disorder that might be studied by a time

Percepticn test. Perhags a disturbance in time percepticn



1s related to the disturbancs in rhy-hmical speech precduc-
tion. The same might te said of 7z-i-s diszorders, especially
those that show a poor timing of +the cgerirg znd closing
rhases of the vocal cords.

It 1s certalnly not irnccnceivatle tha% cases of
articulation disorders might show dizs+turbances of time
perception. Let us suppose that a pesrscorn underestimates
the length of some phonemes. This sh:rtened perception
could adversely affect the learning cf *hese sounds.

Being able to Identify su:ch possible difficulties might
atd in making a prognosis.

Fossibllities for future studies in the case of
hearing loss are also practically urlimited. It is well-
known that hard-of-hearing persons are disturbed in

recelving or perceiving loudness and pitch Little 2

wn

known about thelr perception cf duratior.. The reported
loss of "life's cn-gecing character" in the deaf suggests
that personality factors as well as physiolcgical
factors may be involved in their time perception.

There are no studies to indicate whether a person
with a conductive hearing loss responds to the durationzal
aspect of a stimulus iIn the same2 manner as a person wit
a sensorineural loss cor a person with an auditcry nerve

leslon. Nor 1s it kncwn whether the aci1lity to perceive

“ime 1s 1linearly related to the degree cf hearing 10ss.
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tut alsc by having the duratlcn ¢
extenrded.
Duraticon of speech sounds may a-sc be a factcr in

the 2bllity tz read lips. Kncwledge in this area could

psesitly Improve lip reading trainirg. It Iz pcssible,
fecr example, that there might be a c:orrela-ion bestween ftime
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is8 fel- that the next step tocward a possitl
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standardized t=zst of time perception would z
regarding tne psychophysical methced to emplicy. Different
“ypes of interval contents shculd be s*tudied to determire
whether ore c¢r mcre types of stimull has a more discrimin-

a:t Afrer zu-h dscisiorns have bteen made,
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APPENDIX A

REPRODUCTION TIMES IN HUNDREDTHS OF SECONDS
USED TO DETERMINE SUBJECT ACCEPTABILITY
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APPENDIX B

RAW DATA USED IN THE ANALYSIS OF VARIANCE:
REPRODUCTION TIME (IN A% ) AVERAGED

OVER THE LAST TWO EXPERIMENTAL
SESSIONS FOR EACH SUBJECT
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APPENDIX C

RAW SCCRES (IN Q% ) USED TO DETERMINE
WHETHER JUDGMENTS IN THE FIRST. HALF
CF AN EXFERIMENTAL SESSION DIFFERED

FRCM JUDGMENTS IN THE SECCND HALF

180



181

First Second First Second First Second
Half Half Half Half Half Half
_ SubjJect One
0.07285 -0.32036 -0.26534 -0.207T74 -0.23111 -0.01667
0.10927 -0.10333 -0.10956 0.13000 -0.14770 -0.30367
-0.42350 0.68000 -0.18889 -0.00599 0.03000 -0.08911
-0.17928 -0.21857 0.09603 0.02000 -0.10714 -0.44778
-0.40133 °0.30000 -0.22825 0.37624 ~0.24714 -0.18000
-0.19323 -0.17143 -0.09581 -0.16595 -0.10143 -0.27468
0.03322 -0.12774 -0.36959 0.32000 -0.24722 0.08911
-0.23973 -0.10180 -0.00798 -0.23051 -0.01980 -0.22924
-0.25333 -0.28428 0.67327 -0.16168 -0.27253 -0.18333
-0.03000 -0.23748 0.00000 0.19000 0.11400 -0.15778
-0.00993 0.16000 -0.14000 -0.25753 0.23333 0.03000
-0.06882 -0.28254 -0.33482 -0.02400 0.02318 -0.15714
-0.36293 0.00667 -0.28333 -0.30615 -0.02789 0.10891
-0.19772 0.14851 0.07000 0.09333 0.37874 -0.10299
0.07947 =0.25286 0.00000 -0.39398 -0.08911 0.19000
-0.04781 0.15282 -0.19561 -0.17600 -0.22954 -0.3944y
-0.25605 -0.06375 0.18812 -0.14400 -0.25444 ~-0.08982
-0.18937 0.09000 0.08306 -0.29656 -0.09381 0.19000
-0.19124 -0.03863 -0.22857 -0.33047 -0.07333 -0.04400
-0.30667 -0.22890 0.05648 0.14000 0.08911 0.34000
0.11960 -0.24464 -0.24108 0.05333
Subject Two
-0.06645 0.22772 -0.09182 -0.01571 0.47000 0.11296
-0.15842 -0.14735 0.04651 -0.29940 -0.21571 -0.22974
-0.07901 -0.21030 -0.04319 -0.35857 -0.28000 0.67000
-0.23077 0.06986 -0.14571 -0.08982 -0.04000 0.20000
0.16000 -0.10256 -0.16333 =0.29940 0.18605 -0.28143
-0.17729 0.14667 0.24333 -0.18260 -0.02196 -0.26857
-0.12749 -0.03667 -0.4044 -0.16966 0.06977 -0.22667
-0.16611 -0.35452 0.06977 -0.10978 -0.12351 0.13667
0.19802 -0.29301 -0.05000 0.48515 -0.17429 -0.13333
0.17000 =-0.25714 -0.24950 0.93000 0.36000 -0.09000
-0.11133 -0.38444 -0.30714 -0.19400 -0.29079 -0.22714
0.42000 -0.17600 -0.32814 -0.34621 -0.01980 -0.00332
0.11881 -0.22111 -0.36707 0.09667 -0.40156 0.10000
-0.11377 0.11667 -0.10345 -.52475 -0.28571 -0.20930
-0.36182 0.02000 -0.22254 -0.42222 0.76000 0.32000
-0.31384 0.42574 -0.02994 0.16800 -0.34000 0.73267
0.21000 -0.36714 -0.03322 -0.23973 -0.22571 ~0.27364
-0.16833 0.08306 0.64000 -0.16833 -0.16556 -0.01000
-0.18714 -0.03987 -.02191 -0.06667 -0.10667 0.30897
-0.07973 -0.23418 -0.20717 0.25743 -0.12857 0.59000
-0.41491 0.46535 -0.19600 0.33000
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First Second First Second First Second
Half Half Half Half Half Half
Subject Three
0.21192 -0.01669 -0.13695 0.09456 -0.11444 0.22667
0.40397 0.05333 0.15139 -0.07000 -0.04591 -0.03782
-0.00111 -0.28000 -0.11778 -0.06188 -0.23000 0.12871
0.12550 0.01857 -0.07285 =0.14000 -.06000 -0.04444
0.02106 0.17000 0.02425 -0.10891 0.02429 0.18000
-0.23705 -.01429 0.05788 0.07725 0.04429 0.02003
0.53821 0.13772 -0.00111 0.45000 0.02450 0.17822
0.06215 0.08583 0.11776 -0.01225 0.03960 0.28904
-0.05222 -0.16945 0.08911 0.00798 -0.13904 0.16000
-0.15000 -0.08870 0.05000 0.18000 0.00800 -0.20889
0.11258 0.18800 0.05000 =-0.01226 0.19667 -0.06000
0.00843 0.02113 -0.04227 0.12600 0.23510 0.06857
-0.08990 0.16333 -0.13222 0.06152 0.11155 0.17822
-0.01849 0.02970 0.12000 0.19000 -0.11296 0.11628
0.37086 0.00571 0.15768 -0.03009 -0.28713 0.0L4667
0.17729 0.05316 -0.06587 -0.21400 0.05589 -0.08222
0.08677 -0.08566 -0.10891 0.05000 0.05889 0.06188
0.14286 0.20000 0.11960 0.18768 0.14371 0.22667
0.17131 0.02718 0.05286 -0.01144 0.19000 0.13200
-0.15667 0.02861 0.11296 0.05000 -0.04950 0.28000
0.00664 0.06724 0.05278 -0.06667
Subject Four
0.01712 -0.00667 0.41000 0.58416 0.50000 -0.12320
-0.04440 0.35000 -0.23556 -0.10000 0.98990 -0.06000
0.06571  0.u5545 -0.26429  0.12000 0.16335 -0.41000
0.81443 -0.04222 0.27600 0.00997 -0.01195 -0.02882
-0.08306 -0.09143 -0.17635 0.02988 0.47508 -0.16571
-0.11776 -0.13944 0.02196 -0.01427 0.98020 0.06312
-0.12971 -0.07333 -0.06419 0.07214 1.59000 =-0.12774
0.70000 -0.09429 -0.07133 1.06000 -0.02667 -0.19090
-0.20089 -0.04006 0.11355 -0.22087 0.16279 . 0.05316
-0.07889 0.19934 0.38667 0.06000 0.26733 0.71287
0.04319 -0.07000 -0.14970 -0.15835 -0.44111 0.23154
0.03984 0.28000 -0.22111 0.15139 0.59000 0.28239
-0.03593 0.10596 0.31333 0.49502 0.08429 1.31000
-0.13143 -0.30080 -0.16075 -0.11698 0.59000 1.35644
0.21756 0.12963 -0.34483 -0.09989 -0.05556 0.97000
0.03194 1.12871 0.24750 -0.07186 -0.14000 -0.09143
0.40000 0.28343 0.65000 0.47721 0.16690 -0.08583
-0.02111 0.u46865 0.76000 -0.28825 -0.03147 0.32333
0.21927 0.28000 -0.04714 0.60000 0.66000 0.24252
-0.07000 0.07206 -0.28388 -0.29772 -0.16000 0.37000
0.11333 0.62333 -0.40857 0.34219
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First Second Flrst Second First Second
Half Half Half Half Half Half
Subject Flve
0.04993 0.05339 0.13000 0.44554 0.46000 -0.20977
-0.06215 -0.14000 -0.05222 0.09333 0.19192 -0.11857
-0.10571 0.16832 -0.04286 0.21333 0.18725 0.00600
0.01031 -0.12889 0.30400 0.39203 0.20717 -0.07428
0.10299 -0.04286 0.26347 -0.03785 -0.06312 -0.05286
-0.20758 0.07568 -0.09581 -0.09415 0.01980 0.C0664
-0.01552 -0.24778 0.07846 0.10100 0.09000 0.18363
0.10000 0.00571 0.01712 0.22000 -0.14111 -0.11210
-0.19756 -0.06438 0.20916 -0.05882 0.52824  0.26246
-0.10667 -0.14286 0.48000 -0.08333 0.21792 0.56436
0.00664 -0.11333 0.38523 0.04280 0.00778 0.07186
-0.02789 0.60667 -0.14778 0.16135 0.59000 0.05648
-0.02395 0.24834 0.20667 0.5L4485 -0.05714 0.42000
-0.00429 0.10757 -0.00998 0.00571 0.49000 0.70297
-0.14371 -0.09402 0.09344 -0.01887 -0.00778 0.610C0
-0.18762 0.34653 -0.16168 0.04192 0.22000 =-0.2u4857
0.30C00 -0.04391 0.03000 -0.17664 -0.14265 0.01597
0.09000 -0.06271 0.30000 -0.00887 -0.09299 0.01€E67
0.38538 -0.11000 -0.08571 0.21333 0.14000 0.44850
-0.21111 -0.18293 -0.11555 -0.15242 0.17857 0.42000
0.02000 0.12333 -0.25000 0.12625
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