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ABSTRACT

Three experiments investigatéd phenomena rélated to the concept
of the indifference interval and the filled duration illusion from
an information processing viewpoint. In Experiment 1 an increasing |
linear function between nontemporal stimulus information and subjective
duration was found when subjects judged 300 and 330 msec durations,
but not 500 and 550 msec durations. In Experiment 2 an additional
level of nontemporal stimulus extent was used, and a quadratic func-
tion between nontemporal events and duration judgments was found.
In Experiment 3 a wider range of durations was used, but with the
same number of levels of nontemporal stimuli employed in Experiment
1. The relation between nontemporal stimuli and duration judgments
returned to an increasing linear function. In all three experiments the
effects on nontemporal stimuli tended to disappear as the durations
became longer.




1
- INTRODUCTION
For more than 100 years psychological research directed towards
uﬁderstanding the singular human experience of time has often

encountered a curious and largely unexplained phenomenon known as

the indifference interval (II). The II is conceptualized as a rather
specific 1enéth of time for which human subjecfs show a maximum
"sensitivity" in terms of the experience of duration. In this.regard,
sensitivity is defined in terms of accuracy of temporal judgment.
Characteristically, expe;imental subjects are able to prqduce,
reproduce, and estimate the II's. duration with more accuracy than

any other duration of greater. or lesser length. More recently, another

phenomenon related to the human experience of time, has resulted in

the concept of the fiilled duration illusion (FDI). The concept

of the FDI stems from the discover§ that nontemporal events which
occur during the présentation of a duration affect & subjecﬁ's

: subjectivé experience of its length. In other words, a'dufation'
filled with nontemporal sensory stimuli will be judged as longer in
paésing than an empty duration of the-same length. Theoretical
comparison of these two concepts (II and FDI) is méde difficult in
that they were generated out of contrasting methodologiéal traditions.
Verific;tion of thé 1T phenomenon is derived mostly from ongoing
psychophysical- research with empty intervals. In-contrasf, verification
of the FDI ﬁhenomenon is derived from the outgfowth of information-

processing oriented research with filled durations. The purpose
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of the reséarch reported here was to study the characteristic phenomenon
of the FDI against the backdrop of the range of short duration-lengths
that are most‘commonly ascribed to be at or near the II point.
Until recently, information processing research on the FDI has
generally ignored short durations like the II in favor of experimenta-
tion with longer time lengths. Given thése considgrations, a strategy
of cross—concept comparison of experimentél outcomes is integrated
into thé present anylysis. A brief review of the literatare related
to IT and FDI is:followed.by a .description. of-a. series' of:three
experiments. These éxperiments were désigned to study the influence
of nontemporal. stimulus events on temporal judgment, when durations
between 200 and 1100 msec are used. 'Thearetical'analysis of exper-
imental outcomes is weighed’ in favor of information—prodessihg
considerations. The greater emphasis is placed on durations that are
shorter, but similar in length to the II point. Each successive
experiment marks a broadening of tﬁe range of duratioﬁs experimentally
employed.

The origin of the conceptof the indifference interval can be
traced back to the péychophysical literature of the 1860's. The
II is functionally associated with another principle which came into
being about the same.time. Horing, an understudy of Vierordt;
‘experimented with a range of short intervals (.3 to 1.3 sec) and

found that the longest of these were underestimated and the shortest
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were overestimated. This phenomenon (acéofding to Fraisse, 1963)
éame to be known as "Vierordt's Law" and "led directly to the concept
of the indifference point or zone corresponding to a duration for
which there is no systéﬁatic error" (p.118). Over the years, many
researcheré attempted to pin—poiﬁt the actual duration of the II,
The methods used were based on psychﬁphysical principles and emplojed
estimation, comparison, production and rebro&uction of predeterminéd
"clock time" standards of duration length. Woodrow (1934) did a
comprehensive review of the 1itérature and concluded that an II of
somewhere between .59 aﬁd .62 sec is most often reported. However,
the specific research results tend to be influenced by the sensory
'modality and the experimental methods used. On some occasions no
Ii was found at all. On other occasions a'range of .2 to as long as
180 sec has been reported (?reisman, 1963). As a fesult,'the'generality
"of the II concept is a controversial issue to this day (PQQhﬁ{
Nickerson, 1972; Whité, 1964; Woodrow, 1934).

In those studies that did find an II, several outcomes tended
to consistently occur. First, there is a tendency for the II to
be near the middle of the range of intervéls used (Woodrow,: 1951).
Second, subjects tend to underestimate intervals longer than the II
and overestimate those Which are shorter (Vierordf's Law). Fraisse

(1963) attributed these combined outcomes to an "anchoring effect,"

which is facilitated by the influence of a reference point on duration

estimates. Yet, Woodrow (1934) used a different group of subjects
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for each selected interval, and an II (;6 sec) was still obtained.
The same characteristic overestimation and underestimation at the
"extremes of the coqtinuum was present, Fraisse (1963) reviewed the
literature and concluded that a conservative identification of the II
would place it’in a zone between .5 and .8 sec. . As early as 1886,
Wundf (cited by Fraisse, 1963) identified the II as being between
.71 and .75 sec. This he regarded as a very specific unit of time
that correlated with a diverse variety of functions, such as the time
needed in the process of association or the movement of 'a’ leg. in
rapid walking. Fraisse (1963, 1975) expanded on this idéa and
attributed the .5 to .8 sec range Qf inter?als to be a point of
transition, where the perception of ?hythm is superseded by the
perception of duration. A va?iety of researchers, particularly
"interpal clock' theorists, tend to conceptualize the II as |
corresponding to an optimum rhythm in the nerQous system, which
" marks a spontaneous tembo for various functional activities, such as’
perception, resplratory processes, and general physical movements.
Their ongoing attempts to link the II to some specific internal
periodicity (sometimes called the quantum) have been very inconcluéive,
and are only of secondary interest to the present review. For relevant
references, see Anlikor, 1963, 1966; Poppel, 1975; Stroud, 1955;

Vroon, 1970; Wiener, 1948.
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Experimentation with the phenomenon of the II has been largely
based on the principles of psychophysical methodélogy, Early research
employed the Weber differential sensitivity law, which refers to a
éubject's ability to discriminate between ﬁwo stimuli of different
intensity. Later, Fechner suggested a géneralizatién of this formula
in advocating a 1oéarithmic relation between the perceived andsactuél
stimulus. The Webér—Fechper formulation was modified by Stevens
when he suggested the relation between actual and perceived stimuli ’
was exponential rather than logarithmic.- All three of these formuia—
tions have been appliea to the broad spectrum of sensory eiperience.
Often, the issue is not "Which formula is most valid?", but rather,
"Which formula fits best under what conditions?" The factors con-
tributing to this variance in appropriatenessare scaling methods,
sensory modalities, and stimgli (Andreas, 1972; ﬁrown & Hitchcock,
1965; Doehring; 1961; Richards, 1964).

When the Weber law is applied to £he'perception of short durations
the results are conflicting. Deviations from this formula, expressed
as a percentage of error, become greater as one éoes to the exfrémes
of’the continuum used (Gilliland &.ﬁumphreys, 1934; Henery, 1948).
Woodrow (1951) reported ‘a differential threshoid of 7 to 10 bercent
between .2 and 2 sec, Qith an optimum sensitivity at .75 sec.
However, this is not an exceptiqﬁal outcome from the standpoint of
general senéitivi£y to changes in stimulus intensity. In the experi-

mental situations where the Weber law has been shown to apply,
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i£ shows a best fit towards the middle of the range of stimulus
intensity, but tapers‘off towards the extremes (Andreas, 1972).
Further, it is difficult to directly equate intensity levels with
duration lengths. Problemg such as these led many researcﬁers to
coﬁclude that Weber's law was not applicable éo temporal intervals
(ﬁ;odrow, 1951; Triesman, 1963). Similar probiems are encountered with
application of the Weber—Fechner formula (Edgell, 1905; Fraisse,
1963). A number of studies have demonstrated that discrimination of
short time intervals can be accqunted for by the Stevens power function
(Michon, 1967; Stevens & Galanter, 1963). Michon (1967) extended this
research to a fine-grain analysis of durations from .1 to 2 sec.
Although thé results conformed to the power f;nction, perceptiop of
durations from .1 to .5 sec tend to.incréase with the square root
of the actual durations; whereas, perception of durations from
.5 to 2 sec increase linearly with the durations. The change in the
slope of the function Michon concluded: |
| "Represents a. genuine characteristic of timé
. perception. It can probably be equated to

the point of maximum sensitivity and the

'indifference interval,' i.e., the point

where, subjectively, intervals change from

'short' to 'long' and where, . . . -the

perception of rhythm is- supercéded by the
perception of duration." (p.360).
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Currenf opinion favors the idea that peréeption undérgoes rather
abrupt changes somewhere in the zone between .5 and .8 sec. A more
unresolved issue concerns the generality of the II concept in accounting
fér these perceptual changes. Anomalies created by differences in
experimental procedure (scaling methods, sensory modalities, stimuli,
and sfatistical treatments) tend to make the task of answering this
question quite difficult. Furthermore, ongoing research with durations
(from very short to vér& long) have implicated a wide variety of
physiological, cognitive, and moﬁivational factors affecting temporal
judgment (see George, note 1). These factors are not adequately
dealt with by current psychophysical procedure. This is'qot to say
.that alternativé methodologies are not beset with problems of their
own. Moreover, there are procedural prgblems related to time research,
that go beyond aﬁy given'mephodology. For instance, a pgrtinent.
aspect of these more holistic . problems, can be illustrated by contrast-
ing the typical experimental conditions under which the experience of
short and long durations are studied. The study of ver§ short durations
- lends itself well to a repeated measures design where many data samples
are tgken on each subject. Under these circumstances a prospective
paradigm is mandatory, as the subjects must know a priori that temporal
judgment is requiréd. As the durations employed’become longer, a‘
retrospecfive paradigm can also- be empioyed; whérg the ;ﬁbjects éo

not know that a temporal judgment will be required until after




8
the duration has been presented. However, the use of a retrospective
paradigm requires that a single measure design be employed. As the
egperimental:durations become very long, iﬁ becomes inc;easingly
difficult to employ anything but a single ﬁeasure @esigﬁ,'regardless
" of the paradigm ﬁsed. Consequently, it is often difficult to compare
the outcomes of research across the continuuﬁ_from very short to
very long durations. Research with the very short duratioﬁs charac-
terizing the II zone have exclﬁsively employed a repeated measures
prospective design. This is true, ;egardless of the specific
methodological orientation of the experimenters. The research.reported :
in the present study reflects this tradition. Although tﬁis situation
creates difficulties in generélizing reseafch outcomes to the
experience of ionger durations, it does providg a basis for cross#‘
methodology comparison of research with wvery short durationms.

In contrast to the psychgphysical method, an élternative approach
has resulted from the development of information proceésing approaches
to the experience of time. A basic premise of information frocessing
theory is that cognitive processes directly influence temporal
judgment. A factof central to most information processing approaches
is the postulated role of mémory in the experience of duratioh..
Ornstein (1969) proposes‘that it is not the information registeré&
in immediate perception, but rather fhe information stored in memory
. that determines thé subjective length of the interval. Burnside

(1971) expanded on this idea and suggested that subjective duration is




9
détermined more by the memory of the type of processing rather than
gross interval content. Distinctions betﬁeen actual'stimuli and
stored stimulus information, implicate p;ocessés of attention ;nd
attentional selectivity. in duratién experience-as they rélafe to
research with very short durations near the II point.

Research linking the II concept to information processing theory
is rather meager. Blumenthal (1977) speculates»in parallel to
Vierordt's Law that the II is the result of an intrinsic buffer delay
‘in information storage processes that cause short events to be
subjectively prolonged.and longer events to be constriéted.. Many
informatioﬁ processing approaches advocatgz.that we muét look at the
more specific nature of the events that occur during thg interval
in order to understand temporal experience. Psychophysical expefimenta—
tion has shown that an interval filled with constant stimuli is judged
longer than.an empty interval of the same length. TFurthermore, an
interval divided by discontinuities in the nontemporal stimuli
filling it is 5udged longer than an equal interval filled with .
constant stimuli (Anderson, 1936; Brown & Hitchcock, 1965; Goldstone &
Goldfarb, 1964, 1946). Confirmation of Vierordt's Law and the II
concept s£ems mainly from experimentation with intervals that are
either empty or filled with comstant stimuli. Explanation of these
outcomes is usually based on a direct time estimation process where

nontemporal factors are not taken into account. It has been found
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that temporal judgment of divided intervals is an increasing function’
of the extent of the nontemporal stimulus information f£illing it.
This has implicated spatial factors, such as the complexity of figure.
and ground relations in duration experience. Complexity in such cases
is equated in terms of the number and size of stimulus eleménts,
their quality, the number of stimulus changes, étc. (Buffardi, 1972;
Frankenhouser, 1959; Ornstein, 1969; Rai, 1973; Thomas énd Weaver,
1975). Psychophysical research with divide& intervals has not been
extensive in regard to the II concept.

The lengthening of subjective tempéral experience with:increases

in nontemporal stimuli has been termed the filled duration illusion

(FDI). Current information‘processing explanations of this phenomenon
have rejected complete emphasis on direct time estiﬁation processes.
Rather, a substantial emphasis is placed on the influence of non-
temporal cogniti§e processes in duration judgment Gomez and
Robertson, 1979). TFor instance, Thomés gnd Weaver (1975) have
developed a model of visual time perception for short aufations that
takes into account the interaction of spatial and.temporal in-
formation in the production of temporal judgments. This visual
encoding model makes a distinction between tﬁo different facilities
of attention and parallel information processors. One processor

is a visual stimulus encoder, and the other is a femporal information

encoder, or timer. The encoding model is related to Ornstein’s (1969)
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storage size hypotheses, which éuggests that temporal judgment is an
increasing function of the load placed.on‘memory by the size of the
storage space needed to process nontemporal” stimulus events.' From
this viewpoint tOrnstein, 1969) direct témporal estimation plays no
role in durapion judgment when the interval is filled with non-
temporal events. Thomas and Weaver (1975).diverge from this_posi;ion
in advocatipgthaﬁ temporal judgment is based on the'amoqnt of
attentional priority given to the separate visual stimulgs and
time encoding processes.

According to the Thomas and Weaver (1975) encoding model, the
amount of attention £hat can be given to either visual stimulus
information or the‘experience of duration, is variable from situation
to situation. If visual information is extemnsive, attention:may be
completely directed to visuéi encoding processes. If viéual information
is slight more attention can be allocated to the time encoder.
Resultant temporal judgments are based on a weigﬁted average between
the amount of attention given each encoding process. The reliability
of either encoder as a measure.of duration is a function of how much
attention is allocated to it. When attention is direé¢ted almost
entirely to visual encoding, its‘relative:inflﬁence on temporal
judgment increases, due to the increased unreliability of the timer.
In some cases, the subject is completely dependent on the cues given by

the visual encodidg processes. Thomas and Weaver (1975) suggest




12
that at durations shorter than lOO'msec attention canﬁot be switched
between visual information and duratiom éxperience.

‘Avant et al. (1975) offer a parallel explanation to Ornstein's
(1969) storage size hypothesis in suggesting that tempéral_judgments
are based more on the memory of the time spent processing stimulus
information. Given the variable amount of visual information an
interval can be filled with, processing time can be relatively
independent of and actually exceed the duration of the interval.
Thomas and Weaver (1975) froduced a theoretical'integratiog of these
two divergent positiomns. They suggest that temporal judgment of a
duration containing nontemporal stimuli is a weigﬁted average of visual
information processing time and perceived duration. If the visual
information is encoded before the duration is over, some-attgntidn
can be alloted to the timer. As the experimentél duratiéns become
longer and the extent of visual information stays the same, FDI
effects should disappear due £o the increased attention given to
the timer. Cantor and Thomas (1977) used durations of 30 and 70
msec and found the expected FﬁI effect. When they presented the
same levels of nontemporal: stimulus information at 500 and 600
msec, no filled duratiéﬁ illuéion was found. It was concluded that
this was evidence that the FDI was solely the result of visual

encoding processes being given attentional priority. At duratiomns
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below ;OO msec the time needed to process even simple stimulus
information is'greater than the duration‘length. As a result it
is not possible to switch attention fromthe wisual encoder to the
timer.
. .
Gomez and Robertson (1979) called into question both the ‘storage
size[and encoding models. They advocate that the FDI is. a product
‘of the experimental environment within which temporal judgments are
made. In other words, the existence of the FDI arises out of an
interaction between changes in visual stimulus extant and the
differences in length between the durations .uéed. They found that
when stimulus size is held consistént across experimental trials the
FDI disappéars. As both the storage size and encoding models'are
based on the nature and extent of stimulus elements, neither one would
predict this outcome. This would suggest that the FDI only occurs
when different levels of ﬁontemporal stimulus information are
contrasted in the experimental situation. Gomez and Robertson also
found that the effect of visual stimglus size on the magnitude of
the FDI is an increasing.function of duration:uncertainty.” When
stimulus size is varied across trials a large FDI is found; when
experimental durations are separatea in length by 15 msec (e.g.
15, 20, and 45 msec) the FDI is highly attenuated; This outcome is

predicted- by the encoding model, as nontemporal stimulus events should

exert less influence as the durations become longer and more attention
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can be allocated to the timer. However, Gomez and Robertson performed
an additional experiment where durations in a set were‘égain separated
by 15 msec, but at 155, 170, 185.msec. The magnitude of tbe resultant
FDI was as great as when 15, 30, and 45 msec were used. This out-
come suggests that the magnitude of the FDI is a direct function of
the difficulty encountered in discriminating between durations in
an experimental set. From this viewpoint, the FDI is not sensitive
tonlarge éhanges in the amount of actual time provided for stimulus
encoding, but is sensitive to the differences between durations that
must be compared.

The information processing oriented research cited above was
primarily concentrated on the range of durations below 200 msec.
The FDi and_the factors that affect its occurrence have.nét been
thoroughly researched across a wide range of short durations. More-
over, the FDI has not been systematically examined within the context
of the range of durations that characterizes the II zone. As éurrént
theory implicates an interaction between duration length and non-
temporal information in temporal experience, lack of.research in the II
zone marks a gap in the existing literature. Evidenqe for the
existence of the.II stems from psychophysical rgsearch with intervéls
that afe empty or filled with constant stimuli. In contrast, evidence
for the FDI stems from information-processing research with durations

filled with heterogeneous nontemporal stimuli. Some interesting
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questions arise in contrasting IT and FDI phéﬁomenon against the
backdrop of a range of durations that span the II zone. Would
defining characteristics of the II be present in an experiment which
employed different levels of nontemporal . stimulus extant? In other
words, what influence do the factors that produce the FDI‘éxert on
the bhenomenon of the II? The II zone hés been designated a r;nge
of dufatioﬁs where the p?ocesses affecting the perception of time
undergo considerable change. The more specifie nature of these process
changes has never been well demonstrated. From this viewpoint |
it can be asked, 'Can the nature of these changes in process
be detected through an analysis of the effects of nontemporal: stimulil.
on temporal experience at different duration lengths?" In all
probability, if process changes are occurring accross the Ii zone,
they will be reflected in differencés in FDI effects at different
duration points along the span of the II zone.  The series of three
experiments described in the present paper used duration lengths
between 200 and 1100 msec in investigations of'theée issues.

Polzella et al. (1977) used a paradigm based on a method developed
by Mo (1971) and found duration judgment to be an increasing function
of the number of doté iﬁ a‘visual stimulus display. They used
five stimulus nﬁmerosity levels between one and five dots in.cﬁn—

junction with a set of five durations between 16 and 100 msec.
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The level of discriminability is roughly comparable to those used
by Gomez and Robertson (1979). Mo (1971) used dprafions of 300 and
330 msec and found that presentations -of three or five dots, are
judged to be present for the longer duration more often than are
presentations of one dot. As such, it can be concluded that variance
in the number of stimulus elements across experimental trials will
produce an FDI effect when using durations as long as 300-330
msec. According to Gomez and Robertson (1979), if the: level of diffi—'
culty in discriminating between durations in a set is  held -constant
across duration groups, the magnitude of the FDI should remain’
relatively constant. This conclusion was based on durations below
200 msec. A relevant question concerns the generality of this
discriminability hypothesis to durations longer than 200 msec.
Also, the II concept suggests that accuracy of teﬁpofal judgment
should increase as the durations used approach the length of the II.
Further, Vierordt's Law postulates that there shoﬁld be a tendency
toward overestimation of time at durations ‘below the II péint..
Experiment 1 was designed to test the validity of these assumptiéns,
using sets of durations which lie mostly on the shorter end of the iI

zZone.
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EXPERIMENT 1
’ Experiment 1 was_primarily a replicative one designed to check
a number of procedural modifications against the results of the
original study of Mo (1971),.and to obtain data for a wider range\
of durations (300 to 550 msec). Mb'reported that duration is jddged
longer és the number of dots in a visual stimulus display is increased.
'Analysis éf this phenomenon was restricted Eq a discrimination task
using only one pair of short durations (300 and 330 msec). In
Experiment 1 two pair of durations were used (300-330 and 500-550
msec). Gomez and Robertson (1979) controlléd duration discriminability
: accoraing to the abéolute difference between durations in a set and
held thisidifference constant across the sets of durations uséd.
The present expgriﬁent controls this variable by employing a constant
ratio of the difference between durations, and maintéins.ﬁhis rétio.
across duration pairs. Differences in the various outcomes of
research on differential thresholds for time perception méke ques;
tionable ﬁhich strategy is the more exact measure ofldiscriminability.
According to Fraisse (1978) in most studies the differgntiéi fraction_
was nearly constant betweéen 400 and 2000 msec, and increased sharply
below 200 msec. vdivén this evidence,'an absolute difference in length
may be more appropriate for durations below 200 msec, while a-ratio

difference may give a better fit above this point. However, this.

conclusion is based on data derived from research within the auditory
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modality. ' Other reseafchérs using a signal detection approach to
Gisﬁal discrimination have found a constant value between 70 and 1020
msec (Fraisse, 1978). This evidence supports the conclusion that a
gatio approach to.tempofal discriminatién isiappropriate for the range
of durations used in the present experiment. ‘
Method

Subjects. A total of 20.male and female undérgraduates were
recruited from an introductory psychology class and randomly assigned
to two groups of 16 squects each., The groups dffered in terms of
the duration pairs used. Group'300 was presented with 300-330 msec

durations, and Group 500 was presentéd with 500-550 msec durations.

Materials. The stimulus materials consisted of 66 4 x 10 inch
Whife index‘qards at each stimulus level. Black dots that ﬁere Smm
in diameter were ;andomly distributed around on a 4cm radius from the
center of each cafd; no two cards wené identical. For both treatmeﬁt
groups each card was rotated between two durations across subjects.
A different random oraering of the c;rd sequence waé used fpr each
subject. ‘The sequehce of stimuli was random, subject to the restriction
that neither the same numbers of dots nor the same duration occur |
mofe than four times in a row. This was done in order to control for

" stimulus adaptation effects.
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The stimulus materials were presented using a Gerbrand's two-
field tachistoscope with a remote control console and an electrically’
activated card changer. A white noise generator was used to mask
manipulation of the tachistoscope control console. The auditory-
masking was 37db a£ the position of the subject.

Procedure. Each subject was tested individually. At the outset
each subject was told that he or she was participating in a time
. perception experiment. Subjécts were then asked to make an indenti-
fication judgment concerning which of the two durations was used
for each of a series of trials. They were asked to perform the task

by saying either short or long after each presentation. Six

practice trials were admiﬁistered in such a way thét each subject
experienced both durations at each of the three stimulus levels.
Subjects were asked ﬂot to remove their faces from the Eachistoscopé
aperture until the experiment was over. This ﬁas done in order to
insure uniform light adaptation across subjects. Each experimeﬁtal
session lasted about 15 min.

Results and Discussion

The number of long responses as a function of the number of
dots and duration length for both Group 300 and 500 are shown in
Figure 1. Trend analysis, an analysis of variance tecﬁnique (Grant,

1956), was performed using bias-corrected untransformed data.
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Figure 1. Bias corrected frequency of long responses as a
function of the number of dots and duration length for each

of the two groups (300 and 500), Experiment 1.
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Mo's (1971) data analysis used an arcsin transformation, which compen
sates for any inhomogeneity of variance between groups. In the present
analysis a bias-correction was used, based on the assumption tﬁat

preferential tendencies to answer either short or long are based on

factors that are not entirely intrinsié to the experimental situation.
An examination of -the data did in fact show such an unequal distribution
of judgments in favor of answering §§g££. To compensate for this effect
each subject's response frequencies were corrected by using alpostériori
probabilities. For each subject, the percent of long responses ét

each of the three data points was aivided by the overall peréent of
EQEE responses.

Planned comparisons showed a significant interaction between
duration groups and dot numerosity [F(2, 36) = 5.71, MSe = .073,
P<£.01], with a significant linear éomponent [E(;, 18) '= 5.73, MSe =
.045, E:<;05].. These results clearly show an effect of duration lgngth
on the tendenc& to answer long as é function of the number of dots.

The most pronounced change betweenlgroups occﬁrs between oné and
three dots, with the tendency to answer long about the same for both
groups at five dots (Figure 1). Group 500 showed no linear trend in
long responses as a function of the number of dots (F>1). Howe&er,
the linear trend for Group 300 was sigﬁificant [F (2, 18) = 4.16,
MSe= 15.9, P<.01]. The results of Experiment 1 support the findings

of the reference study (Mo, 1971) for the 300-330 msec duration
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ievel; but the~proposé& tendency to show-an increased frequeﬁcy of
long responées as the number of dots increase did not generalize
"to the 500-550, msec durations.. . Group 500 did not show any effect
of the FDI. As a result, the Gomez and Robertson (i979)~hypothesis
that the FDI‘would maintain its robugtneés across groups if durati;n
discfiminability.is heldrcoﬁétan;,.waé not confirmed for~the;rapge.
between 300.aqd 550 msec.
A rafher surpriging result was génerated out of a post-hoc
test for a quadratic component pf_tﬁé interaction between group
trends [F (1, 18) = 5.67,MSe = .05, P£.05]. This outcome is most
apparenf in the 300h330.mseé: durations-group (figure 1). Rather than
showing a pure mononofonically increasing function of dot nﬁmerosity,
thé'tendency to answer long feaches a peak af thfee'doté and dropé off
between three and five dots.. No quadratic trend is shown in the
500 - 550 msec group. |
Separate t-tests were computed for -each gréup to determine

if accufacy of resbonse was above'chance ex?ectdtipn. Tﬁe

test for Group 500, which had a mean proportion correct éf .57i,
was significant [t(9) = 2.63, §§'='.027 P <.05]. However, the test
:fof Group BOQ, with a mean. of .551; was not:(g>>.05). ‘Yet‘a't—tesf'
for a significant'difference in éccufaby'betwegn the two-groups‘ﬁas
negative (2 >.1). As a-resuit, it can be concluded'thaf-the level
of difficulty of duration dis;:rimi‘nation for both the 390--330*,;;:14“

506—550.msec,pairsqwas,aboutgthemsameQ
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The results of Experiment 1 conflict with the Gomez and Robertson
(1979) position that the FDI is a fesult of the difficulty of dis-
crimination between durations in a set. The level of discriminability
was held constant across the sets of durations used in Experiment 1.
Yet only the 300-330 msec .. group showed in FDI effect. The longest
durations used when either Cantor and Thomas (1977) or Gomez and
Robertson (1979) found an FDI was below 200 msec. Perhaps an in-
creasingly more stringent level of diécriminability is required to
produce an FDI as the durations used become longer. Where a ratio
of 1.1:1 was sufficent to produce an FDI at 300—330jmsec,.it_waSmnot .
at 500-550 msec. As Gomez and Robertson (1579) have advocéted an .
interaction bet&een duration unéertainty and nontgmpdral Stimulus“
attributes, it may also be that either more complex visual.stiﬁuli,
or greater differences in visual stimuli across trials, are réquired
to produce an FDI at the level of discriminébility used in the
present experiment. Cantor and Thémas (1977) used durations of 500
and 600 msec with nine combinafiéns of area and perimeter value,’
and,élso found no FDI effect. |

At any rate, the results of Experiment 1, conform more to what
would be predicted by the encoding ﬁodel.. In this respect, the
disappearance of any FDI.in Group 500 is interpreted asléhe result

of the timer gaining greater reliability. More interesting dis the

fact that the FDI is partially attenuated, in as far as it is not a
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linear function across the dot numerosity levels. A similar leveling
.6ff of the FDI at the upper end of the not numerosity continuum was
found in the referenée study (Mo, 1971) and by Polzella et al. (1977).
A parallel outcome was found by Thomas and Weaver (1975) across visual
stimulus levels. Several factors potentially contribute to this outcome.
Thomas and Weaver (1975) identify the 100 msec zone as representing

a critiéal_threshold duration whe;e attention can first be switched
from the visual encoder to the timer. However, the sﬁpersession of
timer reliability over visual encoder reiiability is not an all or
nothing process. -Rather, it occurs in incrementg as duration lengthens,
and nontemporal.. stimulus events stay the same. At the 300-330 -

msec duration level experienced duration is given incredsed weight, but
not enough to be substantially more reliable than visual encoding time.
The‘reiative‘differences in requiréd visual encoding time across the
-dot numerosity levels are still.great enough to exert considerable
~differential influence over the tendency to answer long. fhe question
then bécomes, "What are the characteristics Af the visual stimulus
display that affect encoding time?" From one viewpoint, part of the
information encoded is the position of the dots in the visual stiﬁulus
display (Attneave, 1957). Using a formula (Log2n) ﬁo éonvert the
number of possible combinations of dot positions that can occur for
each numerosity level, "bit" values for the amount of information

presented can be derived. The outcome for this computation show
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that the ratio of the differeﬁce'in bits bgtween one and three &otsr
(2.99:1) is greater tﬁan beéween three and five dots (1.22:1). However,
the actual change in bit valﬁé is almost a straight increasing function
when graphically plotted across the dot numerosity levels.1 ‘As a
consequence, it is doubtful  that the dip in the slope of the line
between three and five dots shown in Group 300'kFigure 1) can be
explained in terms of the raw quantative éhanges in information
across dot levels. One possible aﬁswer relates to the independent
dimensional properties that are embodied in the visual stiﬁulus
display.

Cantor and Thomas‘(l977) have implicated the interaction of
diminsional relationships such as perceived area and perimeter-
in temporal judgﬁent. They found that judged duration lengthens -
with increases in stimulus area, but is shortened by increases in
sfiﬁulus pefimeter. Furtﬂer, it was speculated'that judgments of the
indépendent stimulus dimensions (area and perimeter) interact with
judgments of a more global compleiity'property of the overall stimulus
figure, The term "figure" implies a form that can be described in
at least two spatial dimensions. The distribution.of thfee or five
dots in a wvisual display,‘could be described as enclosing an area
within a definite perimeter. Yet, the perceptual effect of one dot

cannot be described precisely the same, as at least three dots
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Wéuld be required to produce such a two dimensional figure. ' Given this
interpretation additional stimulus dimensions may be perceiﬁed in threé
and five dot patterns that are not perceived in one dot displays. As.
a result, the comp;éxity of encoding processes.fbr threeg and five dots
may be very similar, but quite different from the encoding of one dot.,
It can be speculated “that as the complexity of visual stimuli increase,
greater differences in.the independent stimulus diménsions aré required
in order to disc?iminate between encoding times. If this were so, a
tapering off of thé FDI would be expected betweeﬁ three and five dots..

The above analysis does not satisfactorily.explain the quadratic
compbﬁént of the interaction between group trends shown in the post-
‘hoc trend fést. Any increase in perimeter also means a parallélincrease
in area for.the stimulus patterns émployed in Experiment 1. Considering
 this, it is unlikely that the influence of !pefimeter at five dots
would be greaf enough-to cause a downward trend between three and five
déts in Broup 300. Cantor and Thomas (1977) offer an alternative
explanation in hypothesizing that'the extremes of the visual stimulus
éontinuum used. capture more attention than the mia—range values. From
this viewpoint,‘it can be speculated thaf greater attention to
timer.. enéoding at three dots in group 300 results in a longer

temporal judgment compared to one or five dots.
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The results of Egperiment‘l clearly reflect the influence of
dot numerosity on the definiﬁg characteristics of Vieror&t's Law., .
Where overestimation of durations below the II would be expecfed,
underestimation was found. The frequency data for both the 300-330.
-and 560—550 msec groups was bias correctedvfor a tendéﬁéy to answer
short. When durations are fiiled wiph heterogeneous stimuli, -
temporal judgment is shortened due to the greater attention gi&en
to visual stimuli. Sﬁch a phenomenon would not occur.wheh.emﬁty
intervals are used. Also, the conceptof the II suggests that accuracy
of temporal judgment Woﬁld increase as the durations used approaéh
the II point. Although Group 500 was slightly more accurate than
Group 300, the difference between groups on this measure was not
significant. However, a significant difference in accuracy may

occur when the duration pairs are separated by more than 200 msec.

" EXPERIMENT 2
In order tohstudy the influence of dot numerosity over a widér
range of durations, a second e#periment was performed using three
duration pairs (200-220, 400-440, and 600-660 msec). In addition,
a fourth level of dot numerosity was added in order to pfovide:a
finer-grain analysis of the effect of variance in visual informgtion
on temporal judgment. Iﬁ this regard, one, two, three,.and five QOts

were used with each presented 20 times. It was hypothesized there -
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would be a strong effgct of duratian length on the FDT. _gs sﬁcH,
it was predicted«that the most pronounced FDI effect wouid be shown
at 209—220 msec, with a;gradual'attgnﬁation through the 400;440 and
600~-660 msec duration g¥oups. This prediction was based on the assuﬁp;
tion that visual encoding time takes on iﬁcreasingly less Wéigh#
in temporal judgment as duration increaéesﬂ Also, iF was predictgg
fﬁat there would be a substantial increase in accuracy of temporal
judgment bgtweeﬁ.the 200-220 and 600-660 msec groups, as the influence.
of visual stimuli lesseps‘and discrimination between durations becomes
" a less difficult task.
-Method

Subjects. A fotél of 60 male and female undergréduates were
;ecruited from an introductory psychology’class and randomly assigned
to one of thfee groups of 20 subjects each.' Each group_is_designated.
by the lower of the dufatioﬁs used f@kdgp 200, Group 400, and Group-
600).

Materials. The stimulus maferials were the same as in Exﬁériment 1
with the exception that an additional 20 cards, each co‘nta‘ining' fwo
dots, were included; thus each subject was exposed to a series of 80
trials rather than 60 trials as in Experiment 1. - The same technique of
randdm ordering was used, Qith the exception thatnfhe card deck.wés

so arranged that half of the cards at-each dot level occurred
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in the first forty trials.. This was done in order to insure fa;rly ”
~uniform stimﬁlus expasure over’the entire set of triais uséda‘ Als§;
a technique of tachistoscope control coﬁsole manipulation was develbped
that adequately masked changeg.in duration‘settings° As a res;it, '
the white-noise generator was eiiminated from the experimentél:.'
situation.

Procedure. The pro¢eduré was the same as in Experiment 1, with
‘the exception that the inclusion of a fourth dot level required that
each subject be exposea to two:a&ditiénal practice trials and an
additional 20 experimental‘trials. Each session lasted gpproximateiy
20 min. | |

‘Results and Discussion

In Experiment 2 the linear component of the overall trend test

did nét reach significance [Eﬁl,{57).= .033, MSe = .004, P>1]. -
However, the overall quadratic ddmpoﬁént was significant [Eﬂl,57'=
6.53, MSe = .062, P <.05]. Theqfrequeﬁcy of long responses for egch.
dot level, within each of the  three groups is shown iﬁ‘Figure 2.

The frequency of long responses achss dot levels is very much the
same for Group ZQO an§ Group 4007 The tendency to answer long |
reaches a peak at three dots, énd décreases toward the‘extremes

of the dot dumerdsity continuum. Although there were no significant

differences between group trends [F(6, 171) = .624, MSe= .054% §_>lj=
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Figure 2. Bias corrected frequency of long responses as a
function of the number of dots and duration length for each

of the three groups (200, 400, and 600), Experiment 2.
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The trend for Group 600 peaks at two dots, while trénds for Gro;ps
200 and- 400 peak at tﬁree dots. For all three groups the overall
tendency to answer long shows itself as a quadratic function aérgss
'thé four dot levels (Figure 2).

Analysis of the frequency of correct responses revealed a
significant overall frend across dot numerosity levels LE(3, 171) =
3.12, MSe = .043, £_<,051, %hich is mainly due to a significant
linear component Egtl, 57) = 5.83, MSe = .053, 2_4.051. The
linear component is reflected in a slight tendency toward gréafer
accuracy as the number of dots was decreased. The ovgrall_ﬁean
proportion of correct responses was 60.3, 61.0,-56.3 and 55.0 at
one, two, threé, and« five dots, respectively. All thrée g;bupé.

scored significantly above chance expectation in terms of accuracy:

Group 200 showed a mean of .552 [£(19) = 2.747, SE = ,019, P X.05)].

Group 400 showed a mean of .570 [t(19) = 4.176, SE .017, P <,001].

Group 600 showed\a mean of .598 [t(19)

7.133, SE = .014, P «.001}.
Yet, between group comparison showed no significant differeqqes on

this measure [F(6, 171) = 1;02, MSe = .044, g}si]. Although separate
t—-tests showed no significant increase between groups in ﬁermslof"
accuracy, the difference between Group 200 and Group 600 was marginally
significant, and in the expected direcéion (£(38) = iT94’ 23<.06)._ As.
in Experiment 1, the results of Experiment 2 indicate that the level .
of discriminability between_duratioﬁ pairs is about the same for all

groups.
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The most notable difference between the results of Exbériment 1
and 2 is the absence of any significant interaction between groupé
in regard to the tendency to answer long as a function éf thé:nﬁmber'
of dots. In Experiment 1 the 3007330 msec group- showed a significanfx
linear increase in long responses,as.éhe number of dots increased.
In Exberiment 2 the 200-220 and 400-440 msec"groups shbwed a similar
but hdnsignificant 'FDI effect. As a result the prediction that ?he.
.FDI would be greater at 206—220 msec compared to 300-330 or-400—440
msec was not confirmed. Whgn Groups 200 and 400‘iﬁ Expérimentfz
(Figure 2) are compared with Group 300 in Experiment 1 (Figuréﬂl);_'
it can be seen tgat most of the change in slopes of the lines is |
between one and three dots. It is unlikely that the overall attenuation
of the FDI effect in Experiment 2 is due to the differences in the
duration sets used. The Thomas and Cantor (1975) encoding model
predicts that the FDI would be m&re pronounced at the shorter time
‘lengths as less attention can be allocated to the experience of
duration. For the range of durations used in Experiment 2 (200-600
msec), there was no signifiéant diffeféﬁce between grquﬁftrends.

Yet, in Experiment 1 where the ranée of Auratiqns was 30QT556'msec
between groupsdifferences were shown.I )

An alternative hypothesis, is thaf the attenuation of ghe'FDI .
effect in Experiment 2 is dﬁe to the inclusion of an intermediaﬁe

dot level (two dots) between one and three dots. In the analysis of
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- of Experiment lit was suggested that the degree of differience between

stimulus dimensions across dot levels may affect the ease of dis-
crimination between visual encoding times. At this point it

is further suggested that reductibn of the difference between the
visual stimulus dimensions of the dot. levelsadjacent to one another

on the dot numefosity continuum may cause visual.encoding time to
increase. . Thié effect would be due to the increasedlattention given

to visual stimulus discrimination., Due to the position of two dots

in the visual stimulus continuum, it woulq be éxpected that its
influence over encoding time would be greétest in regard -to one dot. :
This may result in an inflated duration judgment at the one dot level.
Visual encoding time at two dots would be affected in the same way

by the contrasting stimulus propertiesembodied in three dots. As

no intermediate dot level was included between three and five dots,

no pargllel effect was shown on the higher end of the dot numerosity
continuum.” As in the analysis of Experiment 1, the above ihterpretation
is not well grounded in existing theory, and data should be regarded

as. preliminary.

The significant outcome of a post h&c test for a quadratic
component of the interaction between group trends in Expériment 1
suggests that the influence of dot numeroéity was not'exclusively_
linear. The more reliable result showing a quaﬁratic component of the

overall trend in Experiment 2 tends to add weight to this conclusion.
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In_the analysis of Experiment 1 this oﬁtcbme was explained in térﬁs of
the suggestion by Cantor and Thomas (i977)lthéf thé extremes of a
visual‘stimulus continuuﬁ capture more éttehtion than the mid-range
values. The resuits of Cantor and Thomas (;977) and the present
study are not the only research outcomes to show teﬁporal judgment to
be é_U—shéped function of the range of nontemporal stimulus levels -
employed. TFor example, Hogan (l975),who was operating within an
adaptation level paradigm,found that time periods con£aining "tpb
little" stimulation or "too muchf stimulation tend to be judged as
longer than.ﬁodefately filled dﬁfations of thé same length. fn“all
. probability,.for any given range of durations there is a corresponding
range of nontemporal informatiohilevels th;t cause the frehd in
femporél judgments toAcoﬁform to either a linear or 'a U-shaped function,
in terms of thé propeﬁsity to choose the longef or the‘shorter of
a pair of alternatives. The analysis of experiments 1 and-2 suggest
that the relative ease or diffiéulty of discrimination~£etwgen different
" levels of temporal.and nbnﬁemppral stimuli will effect the resultant
slope of such a function. From the yiewpoint of a parallgl_encpdiné
model (Thomas and Cantor, 1975) the relevant question is, "What . .
encoding process is being stimulated, and how much?" Based on the
assumpfion that for the ranée of nontemporal information used in
Experiménts 1 and 2,if temporai jﬁdgment of dﬁrationé abé%e 200 msec
is primarily determined by timer encoding, experienced duration would

be expected to be longer at the mid-fange of the'dof numerosity levels.
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In Experiment 1, the 300-330 msec group showed the most pronounced
quadratic component with the 500-550 msec group showing an.élmost
flat linear function of-dot numerosity (Figure 1). In Experiment 2
the 200-220 and 400-440 msec groupé showed the most pronounced
quadratic component with the 600-660 msec group showing a slightlyl
more linear function (Figure 1). It is hypothesized that as the dura-
tions used become longer then the 500-600 msec range; and noﬁtemh"
porai information levels stgy the same, the infiuenqe of dot numerosity
will disappear as the experience of duration captures increasingly
more attention. |

The results of-Experiment 2, when viewed in terms 6f the II concept,
are almost identical to the results of Experiment l.. In‘gontrast. |
to what would.be predicted by Vierordt's Law, overall subjeét res-
ponse was biased in favor of answering short. As in the analysis
of Experiment 1, this bias is explained in terms of the effect of .
nontemporal stimuli on duration judgment. The influence of non-
temporal information is also reflected in the accuracy data., Woodrow
(1951) suggests that accuracy of discrimination between two durations
separated in length by a ratio of 1l.1:1 is.normally in the range of 75
to 80 percent. Accuracy of response ‘across the three subjegt groups
. used in Experiment 2 ranges between 55 and 60 percent. The reliability
of duration judgment is apparently reduced when both temporal and

nontemporal . factors are involved in temporal experience. The
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significant linéaf component of the overall trend in accuracy indic;tes
that the frequency of correct responses is better at the lower dot
levels. This in ali probaBility 1s due to the greater reliability
of the tim;r at the lower dot levels where less &isual encoding time
is required.  The predicted incréése ;n‘accuracy as a functionIAf
inc;eased duration gcross subject groups did not occur. However,
the differénce inﬂo@tcome beéééen the 200-220 and 600-660 msec groups
Wés in thexexpected.diréction:' It appears that agre;ter differeneé'
between duration pairg'wouldAbe required in-ordex-to pfoduée_a

significant difference in accuracy.

EXPERIMENT 3
In order to test the effect of a wider range of durations on ‘the

dot numerosity pﬁenomenon, a third éxperiment was performed,usipg
three duration pairs.(200—220, 609—660, and'lOOO—llOO msec). In
ﬁxperiment 3 the number of dot levels emﬁloyed was returned tdléhe
.original number ﬁsed in Expérimeht 1. Stimulus-levels of one, éh;ee,
and five dots were used. It was suggested that the.attenuétion

of the FDI effect shown in Experiment 2 was due to the inclusion
" of a fourth dof level betweeﬁ one and three dots; If-thié hypothesié'
is correct a strong'linear FDI should be shown in.the 209—220 msec
group. As both the 500-550 msecﬂgroup in Experimenp 1 (Figure 1)

and the 600—660 msec group in Experiment 2 (Figure 2) "showed almost’
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no FDI effect, it was further hypotheéized that the influence of dot
numerosity Qould disappear in the 1000-1100 msec group in Experiment
3. This would be due to the much higher reliability of the timer.at
this:duration level, For the same reason it was expected that the
difference in accuracy across duratién groubs would be significant.
Method

Subjects. A total of 72 male and female undergraduates were
-recruitéd from an introauctory psychology class and assigned to one of
three groups of 12 male and 12 female subjects each. Each group is
designated by the shorter of the durétions used (Group 200, Group 600,'
and Gfoup 1000). |

Materials. The stimulus materials used in Experiment -3 were the
same as those used in Experiment 1; thus each subject was exposéd
to a series of 60_trialé with 20.trials at each dot level. The same
.technigije of random ordering employed in Experiﬁent 2 was used.
Half of the stimulus cards at each dot level occurred in the first
30 trials, and half in the second 30 trials.

Procedﬁre. The procedure was the same as that used in Experiment
2 with the exception that three experimentefs were used in Experiment
3. The decision to use an additional two experimenters was based
partly on the consideration that expefimental results can ofteﬁ reflect

a single experimenter® biases in terms of some specific outcome.
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The use of multiple experimenters tends to reduce the probability
of this sort of effect being reflected in the data. Each experimenter
ran 24 subjects. Of the 24 subjects, 8 subjects—-consisting of 4 males
énd 4 females--were assigned to each experimental group, Each
experimental session lasted about 20 min,

Results and Discussion

The frequency of long responses as a function of the number of
dots and group duration level are presented in Figure 3. As in ' xper-
iments 1 and 2 separate analyses were performed on the frequency of
long and the frequency of .correct responses.

None of the tests for a linear or quédratic trend in the frequenc&
of long responses in the individual groups were significant.

However, the linear interaction between group ﬁrends did reach
significance [F(2, 69) = 3.33, MSe = .063, P <.05]. Group 200 showed
a slightly increasing effect of dot level bétween one and three dots
with a dip in £he slope of the line between three and five'éoté
(Figure 3). Group 600 showed a slight decreasing effect of dot level
with onedot yielding the highest frequency of long responses. Group
1000 showed no effect of dot numeroéity. ‘As the FDI in the 200-220 .
msec groups in both Ekperimenfs 2 and 3 was attenuated to about the
- same extent the hypotﬁesis that thé magpitude of the FDI is effected

by the number of dot levels used was not substantiated.
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Analysis of the proportion ofAcorrect responses revealed a sig-
nificant difference bgtween groups means QE (2, 69) = 3.35; MSe =
0 198.0, P <.05]. As the length of the durations used.increased the
percent of correct responses also increased; éepérate-t;teSts
performed on each group reflect this outcome. .Group 200 scored
significantly below chance exﬁectation in terms of éccuracf with a mean
score of .442 [£(23) = 2.67, SE = .029, Eﬁ"bsl' Group 600, which'
had.ameén of .5i5,did not score above chance exéectation (p>.05).
Group 1000'sﬁowed the highest accuracy of response with a mean
score of .564 [t(23) = 3.071, SE = .0187, E{(le]. The'résﬁlts of
ﬁxperimeﬁt 3 indicate that the level of discriminability between A
durations in a pair is'nop the same across subject groups. The
difference in accuracy between the 200-220 and 600f660 msec groups 1s
not significant (P >.05); nor is the.difference between'the‘600—660
and‘lOOO;llQO msec grbups (§;>.05). .Yet; the difference in édquracy
'betwgen the 200-220 and 1000-1100 msec éroups iswsignifiqant [t(46) =
4.67, SE = .0283, B <.00L]. |

The most theoretically ambiguous resqit of Experiment 3 was thg
absence of any significant diffefence‘in‘the'tgndency to answer long
as a function of the.number of dots in the 200-220 msec group. It
was predicted that the slope of thé'increase in long reéponées across

dot numerosity levels would be ﬁorevproﬁounced in the'200—220 msec
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groﬁp in Experiment 2 as compared to the 200-220 msec group in Experi-
ment 3. This prediction waé based on the hypothesis that an increase
in thé difference between the dot levels used will increase the ease

of discrimination between visual encoding times. The slope of the lines

. in terms of long responses for the 200~220 msec groups in Experiments

2 and 3 are very.much the same. As Group 200 in Experiment 3 showed
no significant change in the frequency of long responses across the
dot levels, the reducfion of the FDI in groép 200 in Experiment'Z
cannot be explained in terms of the relative degree of discriminability
between dot levels, In fact, the 300f330 msec gréup in Expéﬁiment

1 (Figuré 1) was ;hg only group in any of the three ekperiment; to
show thg frequency of long responses to be a significantly increasing
function of dot numerogity. The results of the référence study

(Mo, 1971) and the Polzella et al. (1977) study suggest that the

dot numerosity effect should be stronger at the 200-220 duration range
compared to 300-330 mséc. The reason és to why the résults of
Experiments 2 and 3 are inconsistent with this prediction is not
apparent in the information given by the present data. In all

probability additional research in the 100 to 400 msec range will

be required to resolve the theoretical difficulties imposed by these

‘differences in outcome.

The most‘interesting result of Experiment 3 was the disappearqnce

of any quadratic effect of dot numerosity. In the analysis of
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Experiment 2 it was suggested that thé quadratic component of the over=
all treﬁd in long responses was due to the extremes of the dot
numerosity continuum capturing more attention then the mid-rénge
values. If the use of an intermediate level of two dots between éne
and three dots. in. Experimeént 2-causgd a decrease in.contrastibetween
dot levels due to greater difficulty in discrimination between
encoding times, then a more prénouncedfquadratic component should
have been shown in Qtoup 200 in Experiment 3. The results of
Experiment 3 did not support this hypothesis. However, it was also
suggested that the visual information levels interact with duration
length in producing the linear and quadratic effects shown in.thé
present experiments. The range of durations used in Experiment 2
(200—600 msec) was narrow compared to those used in Experiment 3
(200-1100 msec). The significant linear component of the interaction
between group trends shoﬁn in Experiment 3 indicates that perception
of duration as a function of dot numerosity is undergoing considerable
change between 200 and 1100 msec. Cémparison of the fesultslof
Experiments 1 and 2 (Figure 1, Figure 2) suggest the possibility.
that durations between 200 and 400 msec mark a critical range (in
terms of the visual stimulus levels uged) where the éontrast-in'
encﬁding tiﬁe befween the middle and extreme dot levels is the

greatest. As Experiment 2 addresses the 200-400 msec range of
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durations more directly thén Experimenfs 1 or 3, the overall quadratic
component shown in the data may reflect this phenomena. |
The significant linear component of the betweeﬁ grdups trend
test in Experiment 2 reflect a change in the processes underlying
temporal judgment, as duration length increases between 200 and
1100 msec. 'The differences in the slopes of the lines between the

groups (Figure 3) can be explained in terms of the visual encoding

model (Thomas and Cantor, 1975). 1In the 200-220 msec -group, visual

encoding time is more reliable.than experienced duratién and thé length
of temporal judgment is based mainly on the number of dots. In the |
600~660 msec group experienced duration has become the more reliaple

of the two eﬁcoding processes, but visual information still exerts

a differential influence. At one dot the experience of duration is

" long compared to the visual encoding time. This results in the highest

frequency of long responses of any of the dot numefosity levels.

In the 1000-1100 msec group the weight given to experiencgd duration
is so much greatér than visual encoding time that differences in dot
numerosity have virtually no effect on temporai jﬁdgment.

The results of Experiment 3 are very nétable in regard'to the
concept of the II. Analysis of the frequency of correct responses
show that accuracy of temporal judgment is an increasing function of
duration length. It is further suggested that the ratio between

durations is not the critical factor influencing accuracy or FDI
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effects. As such, the results of Experiméﬁt 3 are in violation of
Weber's Differential Sensifivity Law for the range of durafions used.
The data also suggests that accuracy at a given duration range 1is
greatly influenced by the extent of noneempprai. stimulation 6ccurring
during the interval. AThe,highest accuracy of response was obtained
in Group 1000; the lowest in Group 200. It is interesting to note
that the lOOO—llQO msec.range is several hﬁndred msec above thg 1T
zéne.where accuracy should be highest. The use of intervals fiiled
with heterogeneous visual é;imuli, compared to empty.intervals,"is
causing a shift in the II point toward longer durations. Woodrow
(1951) indicates that a ratio of 1.1:1 between durations iﬁ a pair
is sufficient to allow accuracy levels of 75 to 80 percent with
empty intervals, Given the levels of néﬁtemponah. stimuli used in the
present experiments, accuracy of response may not reach a ceiling until
durations above 1100 msec-are.used. At any rate, it is concluded
that time studies dealing with durations at or near the classical
II point will only show the II's defiping qualities when',the
durations used employ empty intervals or nontemporal stimuli which are
homogeneous and invariant across trials. Only under these conditions
can temporal judgment be based almost enfirely on the'experienﬁe of
duratiﬁn. Any change of'nontemnpral information across trials
will produce FDI effécts that greatly alter the experience of duration -

in the II zone.
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" CONCLUDING REMARKS
Three experiments were conducted to examine perceptual and

cognitive factors related to the indifference interval (II) and the

filled duration.illusion (FDI) as fﬁey in turn relate to temporal
experience of duratiops between 200 and 1100 msec. Most theorizing
concerning the specific length of the II places it between SOb_and

800 msec. Thg results of Experiment 3,an§ tentatively Experiments 1

and 2, show that when durations are filled with.nontemponaljstimulin.‘
no point of maximum sensitivity is found within the 500 to 80Q

msec range; In Experiment 3 it was demonstrated that accuracy of
temporal judgment is increasing bgtween 200 and 1100 msec. There

is no reason to belie&e that accuracy won't increase with durations
1onger.than 1100 msec. Research within the 200-800 msec range

using the Weber function indicafés tha£ differentiai sensitivity sﬁould
be relatively constaﬁt across the duration continuum (Fraisse, 1977).
The rgsplts 6f the presenf experiments indicate that the Weber func-
tion does not hold for dﬁrations filled with differgnt levels of non-
temporal stimuli. The effect of nontemporal’ stimuli is té alter
differential sensitivity and increase the duration length at which the
IT point is found. As such it is cpncluaed that the specific duration
at which the TII point occurs is largely determined by the experimental

conditions under which temporal judgments are made.
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Vierordt's Law proposes that the II is characterized by over-
estimétion of duration below it and underestimation of duration above
it. The present experiments indicate that durations between 200 and
600 msec are underestimated, since there was a high frequency of
short responses. The only duration group to show a reversal of this
trend was the 1000-1100 msec group in Experiment 3. This reversal
of what is predicted by Vierordt's Law may indicate that nontémporal
stimulus events filling a duration serve to constrict subjective
time relative to the perception of empty intervalé. However, this
hypothesis is only offered tentativély as the subjects.are fofced

to choose between the alternative responses of short and long.

Fraisse (1967) proposes that the II marks a point where the perception

of duration changes from short to long. ‘The bias to answer short

may simply be due to the fact that the durations employed in the present
experiments are very short. An experimental design employing a

method other than comparison would be required in order to resolve

this issue.

Gomez and Robertson (1979) advocate that when the-level of dis-
criminability between durations in a set- is held constant, the magnitude
of the FDI will be the same for all duration groups. This hypothesis
was substantiated for durations shorter than 200 msec. The results
of Experiments 1, 2 and 3 indicate that this hypothesis does not

generalize well to durations between 200 and 1100 msec. In all
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probability the magnitude of the FDI at.an& given duration level is
a function of the extent of 'nontempoeral. stimulus information .rather
than simply the level of disgrimihability between durétiqns in.aAset.
- It is also speculated that the magnitude of ;he FDI at a given durafion
is influenced by the ease of discrimination between the levels ;f
montemporal . stimuli employed. However, this hypothesis is not
firmly érounded in the present data.

Much ongoing theorizing proposes that perception of durétion
undergoes pfocess changes between 560 gnd 800 mseé. ' This hypothesis
was studied in the present expgriments from the viewpoint'of fhe FDI.
The resultant outcomes indicate that the perception of,duratioﬁ under-~
goes rather varied changes between 200 and'1100 mseé. In general,
the effectlof dgt noﬁerosity tends toward a quadratic funétion between
200 and 440 msec with the frequency of long responses reaching a peak
at the mid-point of the dot numerosity continuum (Experiments 1, 2, and
3). This outcome was explaine& in terms of the extremes of the
visual stimuli continuum éapturing more attention than the mid-range
values. This phenomenon does not appear to extend to durations above
500 msec. Between 500 and 660 msec durétion judgment is more a linear
function of dot numerosity (Experiments 1, 2, 3). In this duration
range the FDI éffect shows itself as a decreasing function of the

dot levels. This outcome conforms to what would be predicted by the
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encoding model of time perception (Thomas and Weaver,ﬂ1975). In

regard to this the experience of duration is‘greatest at one dot, as the
least amount. of visual encoding time is needed aththis‘dot levél.

VAt 1000-1100 msec (Experiment 3) virtually all effectg of dot numerosity
have disappeared due to increased timer reliability Qt all dot levels.
It was concluded that the éncoding model can account for duration
experieﬁcé between 200 and 1100 msec. A mére unresolve& issue concerns
whether these changes in perception between 200 and 1100 msec are due

to the intrinsic nature of time perceptién in the II zone, or'dﬁe -

to the extent of nohtemporal stimuli employed in the‘expérimentél

situation.

-
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FOOTINOTE
lBit values for the dot numerosity levels were computed based
on the consideratioﬁ that theré were roughly thirty poéitions around
the visual stimulus perimeter where a.dot could occur. The bit
values were 3.32,.9.49, and 14.9 for one, three, and five dots
respectively. It should be noted that a problem arises in equating
informational content according to a mathematically defined distri-
bution. In this regard the actual perception of differences in
information level may not conform with any precision to the

distribution.
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