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ABSTRACT.



Abstract

The thesis 1s divided into two parts. Part 1 dealt
with problems involving phenomenal duration, phenomenal
change, and phenomenal movement. All three variables were
discussed and explicitly defined. Phenomenal duration re-
celved the most extended treatment since 1t is "time bound*
in ordinary thinking. The author attempted to disassociate
phenomenal duration not only from concepts of time but also
from non-phenomenal concepts of duration, Operational eq-
uivalents of the acceptable phenomenal definitions were
given, A falrly extensive review of prior experimentation
relating phenomenal duration and phenomenal change, and,
phenomenal duration and phenomenal movement was made. On
the basis of the definitions and empirical results obtalned
by the prlor investligators, 19 studles were undertaken.,

The experimental equipment used was designed not only
to produce the requislite phenomenal variables but also to
measure and control them. All studies employed psycho-phy-
slcal methods. The number of subjects used varied between 1
and 18 per study. The results of the experimentation confir-
med a hypothesis stating that "phenomenal duration 1s a func-
tion of phenomenal change®" and disconfirmed the second which
stated that "phenomenal duration is a function of phenomenal
movement." Related facets of the study were also discussed,
e.g. change and movement control, subjective reports concern-

ing procedure, and success of the methodology. A theoretical



statement termed the Theory of Phenomenal Duration was

l1ssued. The theory states that "the experience of duration
1s a predicate of phenomenal change but not phenomenal con-
tinuity" and that "phenomenal continulities are durationless
al though extended in phenomenal space while phenomenal changes
are both durations and extended in phenomenal space." This
theory was applied to previous "time perception" work of sev-
erxral types.

Part 2 dealt with the problems involving variables of
Phenomenal change, phenomenal duration, fatigue, and task
Performance. The concept of fatligue was discussed and Bartley
and Chutes' definltlion accepted. This detinition makes it
mandatory to investigate tiredness and separates fatigue
Trom what 1s called lmpairment (physiological fatigue) and
work productivity (overt behavior decrement), The literature
Published since 1947 relating phenomenal varilables to fatigue,
and reactlon time to fatigue was reviewed. The studies re-
Viewed indicated that little was known concerning the rela-
tionship. The study described was designed to investigate
the relationship between amblent phenomenal change and ambient
pPhenomenal duration and fatigue, and to test whether fatigue
2g defined had an effect upon reaction time,

Three subjects were glven nine individual trials each.
Each trial required as rapid motor or verbal responses as they
were able to glve when visual targets embedded in the ambient

phenomenal conditions appeared. The subjects worked until




they were "too tired to go on." The first hypothesis stating

"fatigue will develop as a functlon of amblent change and

duration"® was confirmed. The experimental outcome, however,

was not simple., It was found that when the ambient phenome-
nal variables were of "rapid change" and "long duration® that
the subjects performed differently than when the ambient
Phenomenal condition was a "slow change" and "short duration",
In the initial trials the “"rapid change-long duration" var-
lables produced fatigue most slowly, in the later trials more
qQuickly. The slow change and short duration ambient condi-
tion functioned somewhat differently. The initlal trial re-
sulted in rapid fatigue, the second in slow fatigue, and the
third showed large individual differences between subjects.
The 2nd hypothesis stating that "the emergence of fatigue

will detract from the performance of a reaction time task"

wag also confirmed, Working under conditions of fatigue

gave rise to a large increase and varlability in resction time,
The onset of fatigue could not be predicted from the reaction

Tlme measures however. A definition of disorganlization was

given,
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FOREWORD

A casual glance at the talble of contents sriows that the
dissertation 1s divided into two parts. 1In a sense, two dis-
sertatlons will be presented, with the second beling bullt
upon the emplrical relatlonships discovered in the first. In
Part 1, we will deal with the questlon "What is the relation-
ship between phenomenal clianges, movements and phenomenal dur-
ationsg?" 1In Part 2, we will ask "What 1s the relation between
the ambient conditions of plienomenal curation and the emergence
of tiredness (fatigue), ancd, "What happens to performance when
Tatigue exlists?"

Both Part 1 and Part 2 Lave tlre same general structural
plan, Thus, the initial chapters of each part deal wiih pro-
blems of definition, the second chapters cocntain reviews of
the literature, the third presentations of problems, hypotheses,
€xperimentations and results, the fourth discussions of results
and conclusions, and the last summaries of results, The only
€xceptions to this rule occur in Part 1. Here the firct chap-
ter 1s enlarged by a short discussion of meaning and the fourth
by presentation and consideration of a theory to account for
the empirical findings.

The word "phenomenal" constantly occurs as a prefix for
the variables. This may be disturbing elther because one 1is
uncertain of the meaning of the appended term or perhaps be-

Cause one actually l1dentifies 1t with a particular philoso-
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phical outlook. If this happens, the term has been an un-
fortunate selection. Nonetheless, I telleve that the term
"phenomenal® can do us good service 1f the meanlng is carc-
fully denoted. It will ke well, then, to spend s moment with
this term now since it wlll not be discussed formally anywhere
else.

Timmanuel Kant was probably the most influential philoso-
rher to glve the term a fundamental place within a philésophi-
cal system. He 1s of far less direct lmportance for psychology
than 1s Edmund Husserl, howvever. It was Husserl who first dis-
tingulshed an entire phllosophical outlook as a "ph#nomenalogie,"
and hernice Husserl whom one must consider most serliously. Ini-
tially, Husserl concelved the task of the phenomenaloglst to
be that of providing a descriptive analyslis of conscious pro-
cegses, In this early stage the rhenomenological problem was
not markedly different from that of introspective psychology.
By stages, however, phllosophical phenomenology underwent re-
definition and in the end exlisted solely as a method of problng
into the "intrinsic nature" of subjective processes. Husserl,
in these later stages of theory, pointedly divorced phenomeno-
logy from actual individual experiences. The phenomenologilcal
observer endeavored to apprehend what was believed to be the
fundamental character of the world. Ordinary "worldly" exper-
lence was treated as belng but a reflexive consequence of some
nucleus of subjectivity. The extent to which phenomenology was

at this point allenated from empirical matitere is expressed in
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Husserl's assertion that:

"What we demand lles along another line,
the vhole world as placed within a nature set-
ting and presented in experlence as real, taken
completely !'free from all theory,' Just as 1t
is in reality experienced, and made manifest
in and through the linkings of experience, has
now no validity for us, it must be set in bdbrac-
kets, untested indeed but also uncontested."

Programs such as the above, one might call "philosophical

phenomenology"so as to distinguish them from "psychological"

or "empirical phenomenology"

It must be emphasized that the problems and experimental
approach outlined in this dlssertation have nothing particu-
larly to do with Philosophical Phenomenology. On the other

hand, they are integral parts of Psychological Phenomenology.

Concerning the program of Psychological Phenomenology, the

following may be saild.

1. Psychological phenomenological problems fit the fol-

lowing criteria, They are problems that concern only what

the subject personally observes concerning some aspect of the
world, Thlis means that they are problems that will yleld data
tliat can be expressed 1ln some form of the personal idiom, 1i.e.
"I saw it change," "The first interval had & longer duration
than the last for me," "I experience this to be moving more
rapidly than that," "I am so tired that I can not go on."

2. A psychologlcal phenomenological experimental appro-

ach emphasizes that the experimenter 1s pursuing a "subject
centered" and not an "experimenter centered" methodology. This

means that the subject and not the experimenter 1s doing the

1.E.Husserl, ldeas: An lIntroduction_to_Pure_Phenomenology. (New
York: The MacMillan Co., 1931) Dp.
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observing. The experimenter is present in the laboratory
merely to direct the subject to phenomena, to control and
alter the experimental situation for the observer, and to

record his personal responses,

3. The self-contained purpose of vsychologicel phenome-

nology is the development of what Peterman calls "non-con-
structional theory." Non-constructional theory means a the-
oretical interpretation of the data which proceeds by esta-

©l 1 shing functional dependencles between phenomenal facts to
wvhich no ontological parallels are directly attributed. This
interpretation proceeds by first determining the data, exactly
and painstakingly, and then by recognizing the functional ten-
dencies within the data from knowledge, as an experimenter, of
the relationships within the experimental conditions,

The necessity for incorporating some such outlook into
contemporary psychology seems patlent to me, Others, of
Course, might doubt the validity of this Judgment, While
thig 18 not a place in which we can consider any objection
at length, let me briefly answer one criticism made. This cri-
ticism 1s epitomized by the question, "Why bother about such
natters?"

Anyone asking such a question evidently doubts that phe-
Nomenal problems are of importance. But, unless one wants
to divorce psychology from all other well established scien-
tific points of reference, the point 1s poorly taken. Con-

sldering, as examples, onliy the phenomenal variables treated



in this thesis, one can make obvious thie lnsuffliclenclies in
such an outlook. Does not the problem of change, accordlng
to Alfred North Whitehead, underlie two oI the most ilmportant
acdvances made in modern sclence, the cdoctrine of the conser-
vation of energy and tne doctrine of evolution? 1Is not the
nature of time one of the most vexsgome problems of our age,
and do not Albert rinstelin, Berirand Russell, and P,WwW. Brid-
geman claim that tre individual 1is the ultimate referent?
The remailnder, those vhio c¢lsclaim to see any merit in sclien-
tific psychology, and there are still psycnologlsts who hold
such views, are trapped by the question, "Is it true that fa-
tigue incapacitates every last one of us sonetime during the
course of each and every day?" Only a mystic can successfully
deny the relevance of phenomenal experlence,

The contemporary psychologlst often tinds his chief
delight in the manufacture of attitudes, personalities, "need
systems," and resgponses, To a disturbing degree, we are be-
coming exclusively preoccupied with "self defined" problens
and with contrivances extraneous to our fundamental purposes
for existence. One finds no dearth of contemporary literature
concerning "ego blocking," "latent anxlety", "obstacle domi-
nance", Rorschach responses, "authoritarian personalities",
"drive discrimination", factored traits, ete. But, oddly

€nough, ilncreasingly fewer lnvestigations into factual pro-

blemg such as duration, change and fatigue. Even worse, when
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the attention of psychology 1s turned toward factual problems

it too often termlnates in an operationlsm that defines the

problems out of existence., Hence, I do not think one should

stop with Just successfully defending the phenomenal position.

T think the alternatives should be explored. I think that it

should be made entirely clear that the long-standing problems
of mankind are belng increasingly shunted to the side for zares

invented by some psychologlsts. We should become fully aware

that wve are, as a discipline, becoming estranged from "mother

nature", from the world of concrete fact. We should recog-

nilze that we are 1n certain danger of progressing, by one of
a number of paths, to a subjJect matter purely conceptual in
character, and that, unless somethling 1is done, we willl continue

to address ourselves more and more to a subject matter esoteric

Trom all other established points of reference. We have to

discern that somehow, and however painfully, psychology must

deal with basic problems. We have to somehow correct the pe-~

Culiar anlselkonia which has afflicted contemporary psychology
and which i1s perhaps responsible for our being in the midst of

one of the dullest stages of psychological thought since the
establishment of the first laboratory,
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PART I

Phenomenal Duration,

Change, and Movement




"Further in obedience to the principle
of comprising within nature the whole termi-
nus of sense-awareness, simultaneity must not
be concelved as an irrelevant mental concept
for immedlate discernment a certain whole,
here called a ‘'duration'; thus a duration is
a definite natural entity."

*Durations have all the reality that na-
ture has, though what that may be we need not
now determine., The measurableness of time 1is
derivative from the properties of durations,
So also is the serial character of time." (A.
N. whitehead, The Concept of Nature, Ann Ar-
bor, Univ. of Mich. Press, 1957, PP. 53, 55).

"A perceived duration or temporal pat-
tern 1s a psychological entity that 1s infer-
red from and defined by certaln operations of
introspective report, which adequately imply
the differentlation of the perception, Thils
"behavioral® inversion of the point of view
toward experlence makes the perceptlon, not a
private immedlate experience, but a psycholo-
gilcal construct which (in a rat or a person
or myself) is Just as public as is any other
convincing inference from data." (E.G. Boring,
"Temporal Perception and Operationism," Amer.
J. Psychol., XLVIII, 1936, p. 521.)



CHAPTER I

The Phenomenal Variables



INTRODUCTION

This paper concerns "phenomenal duration." For the
purpose of discussion prior to a formal operational defi-
nition, "phenomenal duration® can be considered as the
"For-me endurance of an externally localized event,.,”

The approach taken to the problem of phenomenal dur-
ation 1s experimental and the general alm of the experli-
ments 18 two-fold. One, the experiments aim to discover,
or if you will, invent, phenomenal conditions under which
Phenomenal duration can be shortened and lengthened, rela-
tive to the clock time dimension. Two, the experiments
ailm to measure the relative extent of any lengthening or
shortening of phenomenal duration achieved by manipulation
Oof the experimental varliables,

The primary variables selected for experimental mani-
Pulation are those of phenomenal change and phenomenal
movement, The phenomenal change and movement variables
themgelves are of numerous sorts, as the later sections
dealing with the experiments themselves will ahow.l These

Variables will be expressed by a physlical measurement as
well,

1, The author in no way implies that certain other non-
experientlial variables, e.g. physiological, social, physi-
cal, or personal do not enter in any given sltuation. Phe-

Nomenal change and movement are simply the variables selec-
ted for etudy.

-1 -
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The general impllcatlions of the terms duration, change,
and movement will be dlscussed in chapters three, four, and
five, and the terms phenomenal change, phenomenal duration,

and phenomenal movement will be formally denoted in the

same chapters. Before dolng this, however, there will be

a digresslion in chapter two in the form of a discussion of

meaning. This has been done because in American psycholo-

‘gical circles all variables referring to experience are ob-

Jects of suspiclon.
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MEANING AND EMPIRICAL MEANING CRITERION

Any term may have cognltive meaning functions, such
as factual, purely formal, and logical-arithmetlcal; and
non-cognitive meanlng functions, such as the pictorial,
affective, and directive, Within this paper the dlscusslon
of meaning can be restricted to consideration of the ques-
tion of what would constitute the empirical or factual fun-
ctions for terms referring to experience, since the aim of
this dissertation 1s to clarify the terms phenomenal dura-
tion, phenomenal movement, and phenomenal change, experimen-
tally. 2

Meaning of Experimental Terms: The current conceptions
and criterion of meaning within philosophy of sclence in
many respects vary from one school of phllosophic analysis
to another, Nevertheless, 1t 1s generally agreed that one
must be able in some way to recognize the term asserted on

an empirical level, If this cannot be done, the verbal

2, Attempts at clarificatlon of meaning are often sus-
pected of being designed and employed by psychologilsts
seeking to circumvent difficult problems, e.g., experlence,
At other times attempts at clarification are suspected to be
part and parcel of a "behavioristic" program, with the re-
sult that 1ittle importance 1s attached to the results beyond
this point., Although the method of clarification ls almost
certain to restrict the scope of application for the term,
when this resulting scope 1s compared to the breadth of or-
dinary common sense usage, and even though many logical ep-
istomologlists have marked sympathy for "behavioristic" type
systems of psychology, nelther need be the case,



expression is sald to lack a factual meaning because it
does not affirm anything widely intelligible. Hence, the
question of the meanlingfulness of sclentific terms rests

in the question of whether there is a factual referent, 3

3. Moritz Schlick, for example, says,"Ihus, whenever
we ask about a sentence, 'What does it mean?', what we ex-
pect 1s instruction as to the circumstances in which the
sentence is to be used; we want a description of the con-
ditions under which the sentence will form a true proposi-
tion, and of those which will make 1t false., The meaning
of a word or a combination of words 1s, in this way, deter-
mined by a set of rules which regulate thelr use and which,
following Wittgenstein, we may call the rules of their
grammar, taking tEig word in 1t; widest sense." "Meaning
and Verification eadings in Philosophical Analysis, ed.
by Herbert Felgl’and Wilfrid Sellars (New York: Appleton-
Century-Crofts Inc., 1949), pp. 147-148,

Rudolf Carnap, somewhat in contrast, suggests that
meaning reslides basically in the formulation of observation
sentences, He says regarding this, "A first attempt at a

more detalled explanation of the theslis of verifiability has
been made by Schlick in his reply to Lewis' criticisms. Since
'verifiability' means 'possibility of verification' we have
to answer two questions: 1) what is meant in this connection
by 'possibility'? and 2) what is meant by 'verification'?
Schlick- in his explanation of 'verifiablility'- answers the
first question, but not the second one. In his answer to the
question; what 18 meant by 'verifiability of a sentence S'c
he substitutes the fact described by S for the process of
verifying S. Thus, he thinks e.g. that the sentence 83
"Rivers flow up-hill", is verifiable, because it is logically
possible that rivers flow up-hill, i agree with him that
this fact 18 loglically possible and that the sentence
mentloned above is veriflable- or, rather, confirmable, as

we prefer to say for reasons to be explained soon, Bu% I
think his reasoning which leads to this result is not quite
correct. is confirmable, not because of the logical poss-
ibllity of the fact described in 8,, but because of the phy-
slocal posslbility of the process of confirmation; it 1is
possible to test and to confirm 8; (or its negation) by ob-
servations of rivers with the help of survey instruments."
Testabllity and Meaning (New Haven, Conn. Yale University
raduate Phllosophy Club, 1950), p. 423.

C. Lewis offers the following; "The requirement of em-
Pirical meaning is at bottom nothing more than the obvious
one that the terms we use should posses denotation, As this
requirement is interpreted by pragmatists and posltivists,







Any further specification, such as a requlirement that the

descriptions must be expressed as "purely physical processes"”,
rests upon a personal convictlon regarding the soundness and

prodAuctivity of a particular theoretical framework within a
particular sclence.

In view of this, it is easy to see that the terms phe-

nomenal change, phenomenal movement, and phenomenal duration,
for that matter, any phenomenal experlience 1s not intrinsi-
cally less meaningful than the best accepted notions of the

older sciences. Hence, one of the primary aims of the next

chapter is to define these terms on the factual level,

and others who share the tendencies of thought which have

been mentioned, no concept has any denotation at all unless

eventually in terms of sensuous data or imagery." Feigl,
22’ _clto. Pe 140.
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DEFINITION OF PHENOMENAL DURATION

Two primary objectives will gulde the course of this
chapter., The first 1s to provide a clarification that will
satlisfy the formulatlon of meaning provided in the last chap-

ter. The second 1s to provide a definitional product in ac-~
cordance with current usages of the terms. In the recent
past, psychologists have pald a good deal of attention to
the rirst objective, and justly so., The second, however,
has wirtually been ignored and this has often led to rather
8llly c:onsequences.4 When possible, we will place each par-
ticular experimental detrinition within a wider context of

Reaning than the experiment 1itself provides. We will proceed

by dlscussion of the general referents of duration.

Duration: The terms “"duration®, “change®, and “movement*
Present an obvious problem of definition, since they are all
at one and the same time parts of the language of philosophy,

phyucg, psychology, and everyday vernacular. One source

e ——

4, One only needs a peripheral acquaintance with psycho-
logy to be aware of the ingenious verbel maglc practiced on
DAny qifficult problems. The 'clarification of meaning' has
Proviged a ready formula permitting i) the problem of hunger
Y0 become 'clarified', i.e. redefined directly, as rfood de-
Privation, eating responses, statements of stomach contrac-
ons or blood chemistry; 1i) the problem of thirst to be-
come !clariried'!, i.e., redefined directly, as water depriva-
tlon, drinking response or tlssue dehydration; 111) the
Prodlem of anxlety to be defined as finger tremor, a galvanic
T¢8ponse, a particular experimental task or situation, and
1111) the problem of fatigue to become one of work decrement,
& change in CFF, a physiological impairment or change, etc,
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book, Baldwin's Dictionary of Philosophy and Pgychology,5

devotes about two thousand words to the term change, three
thousand to movement, and nine thousand to the terms "dura-
tion" and "time". These words are what Skinner might refer
to as "historical products, obese in meaning." The terms of
physical science, such as wave-length, atom, electromagnetic
field, appear in contrast to be largely free of such wide-
spread referents.

Accordingly, "duration" may be consldered, depending
upon the polint of reference, 1n one of several broad ways,
"Duration” can be considered as: 1) a "time-dependent®ternm,
‘€.g. a8 an aspect of the torm of continuity and externality
Oof parts in all real process, such as a unit of “Newtonian
Time" or "psychological time" or "biologlcal time" or as:
11) a term referring to some institutionalized cultural con-
Vention allowing synchrony of soclal benavior, e.g., Easter-
time or Eastern-8tandard Time, or as; a term expressing some-
thing psychological in the sense of: 1ii) experience, or of:
1111) the obsgerved overt behavior of an organism, Let us
Consider each in turn. In doling so two things can be accom-
Plished, first, a latter operational derinition can be cor-
Tectly placed within a larger perspective, and secondly, and
Dore importantly, in so doing the term will be separated from

& manifold ot extraneous implications,

P 5. James M, Baldwin (ed) Dictionary of Philosophy and
s8ychology(New York: The MacMillan Co., 1925), Vol. 1
PP. 171-173, 300-301; Vol, II, pp. 113-116, 637-704,
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Duratlion as & Time Dependent Term: Duratlon 1s quite

often considered to be an aspect or unit of "time". Such a
reduction seems only to remove the problem of duration from
a concrete to an abstract realm, and immediately involves us
in a second problem, the problem of "what is time?" For this
reagon, if one 1s to utilize a "time" explanation of dura-
tion, it seems necessary to agree on two things. One must
agree that the question "what is time" can be answered in
some satisfactory way. Secondly, one must also agree to in-
clude only systems of time explanation in which "time" is
defined independently of duration., This is to say, any an-
swex to the question "what is time" must assert "time" in-
dependently of "duration® if it is to have any relevance
wha tever to the aims of this discussion. Thus, a system

in which time is stated to be constituted of a complex of
relations of duration and succession in the experienced or-
dexr of events must be excluded, for such a system would beg
the guestion of "duration®.

Having made these qualifications we can proceed. A num—-
bexr of digciplines might be expected to provide absolute time
8y stems, and, as a matter of fact, do provide such systems.
For the remainder of this section we will seek to refer dur-
®tion to absolute time systems within philosophy, physics,
®lology, and psychology.

Philosophy and "Time": A satisfactory discussion of

"time® ip a traditional philosophical sense, with the aim
°f Placing the term duration in its widest context, is beyond
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ny competence, However, it seems falr at the same time to
polint out that 1t is probably beyond anyone's present ability.
So many fundamental cleavages seem to exlist within ontologil-
cal philosophies regarding thls term that apparently even a
moderately satisfactory metaphyslical account of duration in
terms of "time" is not at present possible, Within metaphy-
eglcal systems time can refer to anything from a noumenal to
an experienced object; and philosophical theories to account
for this vary from those that are nativistic to those that
are empirical,

Physical Time: The physical sclences provide surpris-
ingly 1ittle help toward the clarification of the term dur-
2T ion via an answer to the question of "what is time." With
the abandonment of Newtonlan 'Absolute Time,' for example,
all bilological phenomena have been considerably divorced
rom the narrowed physical conceptualizations of "time".
Time as now considered within physics is multiple, "Time"
e Tfers to the occurrence and measurement of cyclic phenomena
W1 thin particular systems. It is not held to be strictly
Reaningful to refer to "time" apart from a specific system.

Thus the biologicel and psychological significance of
any physical “time" measure must rest upon the validity of
the assumptions relating two separate systems, The wide-
8Pread speculations today regarding the effecte of high ve-
1°°1ty interplanetary travel upon life processes which have
T®sul ted in sharply conflicting conclusions regarding the
buney, errects highlights the difficulties of doing this
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successfully. Actually, however, the problem of interdepen-
dence of the two systems has always been with us in the form
of actuarial tables which have an obvious inadequacy with
respect to biological processes. For example, one can pre-
dilot natural death for individuals with only a very sizeable
error.

Biological Time: Fallure to find a satisfactory form
for the expression of blological phenomenon within the non-
biological sciences has led to the formulation of purely
blological time syetems., The best known example 1s the
attempt of Du No.dy, who on the basis of extensive study of
the growth of cells in tissue cultures, posited the existence
°of an "internal physiological time". This "internal time"
of organisms does not flow at a constant rate within sidereal
time, Rather, the "internal clock" governs the rates at
which all vital processes unfold by dint of the fact that it
18 & panifestation of the specific evolutive cycle of the in-
divi qual organism in question., Experienced duration Dr. Noly
hela forth as an outcome, i.e., a division, of the whole re-
gula t ed physiologlcal aging process.

Hls treatise, Blological gln;e_,f’ contains some experimen-
tal qata showing excellent relationships between both time
¢8timation and physiological age, and time and metabolic pro-

C¢sse s, Nonetheless, his tenets are by no means convincing,

\
6« P.L. Noty, Biological Time (New York: The MacMillan

Company, 1937), p. 159
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because much of the subsequent experimentation does not

support his theoretical notions, Notably, Schaefer and

G111 1land 7 failed to find any significant relationship be-

twe en heart work, blood pressure, lung work, and breathing

rat e and estimation of short time intervals. This was true

dempite the fact that the physiological indexes were made to

vaxry greatly durlng the experiment, Hence, on the basis both

of the small amount and the inconclusive nature of the evi-

dence avallable, it would be gratuitous to identify duration
With a biological time dimension,

Psychological Time: Almost all the theoretical psycho-
logical explanations of "time" that are in accord with fact

deny the presence of a non-empirical time senae.8 The one

—

7. V.G, Schaefer and A,R. Gilliland, "The Relation of
Time Estimation to Certain Physiological Changes," J, Exp.
Paychol., XXIII (1938), pp. 545-552.

o Woodrow in his chapter in the Handbook of Experimental
Paychology says the followlng regarding theories of time
Derception:

"Time 1s not a thing that, like an apple, may be per-
Celved., Stimull and patterns of stimull occupy physical time;
and we react to such stimull by perceptlons, Judgments, com-
parisons, estimates, etc. Whether some mental variable such
as duration or protensity 1ls an immediate property of our
perception of temporal stimull, or of mental processes in
general, 1s a matter of some disagreement., If there is no
such lmmedlately glven property, it follows that time is a
concept, somewhat llke the value of pleces of money, that
attaches to perceptions only through a Judgmental process,

The ease of apparrent immediacy of the temporal judgment in
certain cases might be explained as the result of practice,
much of it occurring in the first few years of life, in the
interpretation in terms of physical time of the numerous
alleged temporal cues."(S.S. Stevens (ed.), Handbook of
Experimental Psychology (New York: John Wliey and Sons, Inc,
1951), p. 1235).

In a 1933 review article of psychological studies of
"time" estimation, A.O, Weber stated:

*The psychological problem involved cannot be explained
on the baslis of objective time; rather the answer must be
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possible exception to this rule is provided in the recent

work of Cooper and Erickson titled "Time Distortion in Hyp-
nosis". These wrlters, perhaps somewhat carelessly, speak

of an awareness of the flow or passage of time made possible
by & time senae.9 In any event, the time sense concept does
not seem to play a central role in the interpretation of their
data nor does 1t seem to play a cruclal part in their care-
fully framed definition of "seeming duration",

Duration and Social Time: All social life requires
elaborate cooperation, therefore, 1t 1s almost mandatory that
socleties employ some external devise to synchronize activity.
In effect, some scheme defining simultanelty and duration 1is
obligatory. Sturt in her volume, The Psychology of gggg}o

traces the evolution of soclal time from primitive societies

sought for in the condlitions that operate directly upon our
conceptions of time, 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 time,"(Psych.Bull.
XXX(1930),pp.233-252). M. Sturt stated in 1925 the following:

"I have sketched in earlier chapters various stages in
the development of the time-concept, and have indicated some
Of its more important constituents, In this chapter the aim
is to show that time is a concept, and that this concept is
constructed by each individual under the influence of the soc-
lety in which he 1lives."(The Psychology of Iime,London: Hsrt-
court Brace and Co., 1925, p. lﬁl).

Finally, it 1s worthy of note that Mach held the position

as early as i897 that "time" psychologically is of empirical
derivation., He says: "The entire passage of time, 1in fact,
1s dependent solely on conditions of sensuous activity."
(E. Mach, Contributions to the Analysis of the Senpations
trans ?.M. Willlame (Chicago: Open Court Publishing ao.,lé9?)
P. 110).

9. L.F, Cooper and M.H. Erickson, Time Distortion ;g.gﬁpr
Dogls (Baltimore: the Williams and Wilkins Co., 1954), Pp. 8.
10, M. Sturt, The Psychology of Time (London: Hartcourt

Brace and Co., 1925), pp. 12-42.
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to the modern form. She points out two historical trends
discernible in the evolution of social synchronizing devices.
In one case there has been a movement away from utilization
of purely personal expressions of duration, to the utiliza-
tion of externally observable signs of change, and finally
to employment of highly abstract systems. In the other case,
there has been & transition from discrete to continuous time
forms. Hence, in the Western world, 'long' durations are com-
monly referred to some calendar, such as the scholastic, the
financlal, the ecclesiastical, or the common twelve month
calendar, ‘Short' durations, in constrast, are referred to
a single standardlzed device, the ordinary clock.1l
Ordinarily, of course, a "soclal referent" 1s clearly
intended when the word duration is used, for language itself
is a social implement., Language itself clearly intends to
coordinate soclal behavior., Thus, we usually say (to one
another) "two hours have passed for me", rather than "this
Job was (seemed) twice as long as that for me," and we say
(to one another) “"That period was five years for me," rather
than "That period was (seemed) longer than another period for
me," etc. In the social sense "duration® 1s a certain block
of minutes, years, seconds, ages, etc. Thls social applica-
tion of the term ylelds a great intersubjective agreement

among people in soclal situations because conclusions reached

11. Interestingly enough, however, the evolution has not
been completed, since the clock ordinarily measures the "twen-
ty-four hour day" in a confusing mannerﬁ by marking off two
twelve hour periods, the A.M. and P,M. "times"., An exception
to this is the recently devised military or civil clock (civil
time) which goes from O hour to the 2400 hour each day.
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about the positions of the hands on a clock, the date on the
calendar; the transitions of the earth relative to a sun; etc.,
can be very nearly perfect for all people, However, one con-
celwvably could, and, in fact, occasionally does, use the phe-
nomenal forms, but in so dolng the term duration is standing
for a fact that 1s not avallable to others; in so dolng we

are not quite playlng the soclal game, 1l.e, communicating op-
timally to others.

The foregoing points up an important fact with respect
to “"for-me" durations, This fact 1s that even on a sheerly
operational basis “for-me" duration has two very different
refexrents., The first class of referents are the “social re-
ferents", 1.s. clock duration or calendar durations and the
second class are the primitive referents, e.g., phenomenal
duration, Hence, it is an oversimplification to define dur-
atlon as "that which the clock measures,"

One cannot over-inslst that soclial duration 1s only pre-
Sent as a concrete event in the presence of some timepiece
and becomes only an abstract soclal concept without 1t., Nei-
ther can 1t be over-asserted that neither of these have much
3% 11 to do with what has been named "phenomenal duration',
Kmpe made the importance of the distinctlion entirely clear
hany years ago when he wrote the following:

“The experiments published hitherto have un-
Tortunately paild but little regard to the different
possibilities of Judgment; there has been a regret-
tably strong tendency to consider objective time

relations as the natural objects of subjective app-
rehension., One of the consequences of this attltude
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may be mentioned, for the sake of 1llustration,
Until quite recently, 1t has passed altogether
unnoticed that the basls of comparison in a quick
succession of three sound stimull 1s not the dur-
atlon of the small intervals which they mark off,
but the rapldity of succession of 1 and 2 and of

2 and 3. We now know that the observations made
with these amall times cannot be compared with
those of longer times, in which the duration of
the interval as such affords the material of es-
timation. This and similar confusions render the
task of exposltlon exceedingly difficult. In cer-
tain cases 1t 1s quite lmpossible to géecover what
the object of Jjudgment actually was."

Duration as Overt Behavior: It is conceivable that dur-

atlion might be studied by means of discrimination technlques
in both non-human and human organisms. We have known since

the reports of the "delayed reaction" and "delayed alterna-

13 and the "“trace conditioning"

14

tlon® experiments by Hunter,

and "delayed conditioning" by Pavlov,” "’ that non-human or-

ganisms are able to deal discriminatively with conditlions

[
that are nonsimultaneous in the clock sense.l“'

12, 0. KWlpe, Qutlines of Psychology(London: Swan Sonnen-

schein and Co., 1895), D. 302,

13, W.S. Hunter, "The Delayed Reaction in Animals and

Children," Behev. Monogr., II (1913).

Intlh“ I.P, Paviov, Conditioned Reflexes: An Investigation

o ggg_Pg¥siologlcal Activity of the Cortex(London: Oxford

UnIVersity ress, 1927), ppe. L0-L1; 88-1035,

. 15, Pavliov, however, referred to what we would call an
F°vert behavior duration® as a "Temporal" discrimination.

Or example, let us take a successful trace experiment in
Which an unconditioned stimulus 1s produced at some set rate,
8UCh gg food every # hour, and the organism begins to res-
PoRd on about the same occasion as when food was previously
Presented, In such & case Pavlov would credit "time" per
8¢ with being the "conditioned stimulus". (Ibid.)
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B.F. Skinner,l6 in fact, explicitly discusses two types of
conditioning that might provide operational definitions of
"overt behavior duration". One class "Type S" (respondent)
occurs when an impingement 18 singled out for correlation
with a reinforcement under arbitrary control of the experi-
menter.l7 The other "Type R" (operant) is a conditioning
occuring when the organism ls allowed to respond freely to

4 continuous stimulus continuum but where preceipt of reinforce-
ment i1s contingent upon the response occuring at a particular
polnt on the continuum (1.e.,, 30-40 seconds after presenta-
tlon of light). According to Skinner the "overt behavior
durations" ("temporal discriminations" in his terms) are

the results of complex constellations of overlapping success-

ive gtimulation functionally organized by reinforcement.

16 B.F. Skinner, The Behavior of Organisms (New York: D.
Appl eton-Century-Croft Co., Inc., 193%5, pPp. 266-307.

17. B.F. Skinner has questioned whether such experiments
do in fract constitute instances of "temporal dlscrimination"..
He has concluded that a "unit of time" cannot acquire the
Properties of a conditioned stimulus, In one place he says,

8 I have previously noted, the appearance of a single pro-
Perty in the posltion of a stimulus is a certain sign that
the reflex is pseudo--that 1s, that the stimulus is discrim-
inative rather than eliciting." (Ibid., p. 269) In another
he remarks"...the laws of latency, threshold, after-discharge,
and go on, are intended to apply to reflexes generally but
if we rermlt ourselves to write 8: interval of time. R as a
r;fleﬁt without qualification, they are meaningless when ap-
ghl‘d- to such an entity. We have not only overlooked much of
wi:hprocesa of establishing such & relation, but we emerge
ha &n entity which has usual properties and appears to be-
thve anomalously." (Ibid., p. 270). Skinner clearly puts
llz Question of "temporal discrimination" apart from time
lathHAgh he might better have chosen a more sultable way of

®ling the discrimination,
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Several examples of what he considers to be temporal discrim-

ina tions of "Type R" arising during periodic responding in

rat s are discussed. He says however that,"Il have no specially

des i gned experiments to report on the subject". His state-

ment 1g probably a good resume of the status of knowledge

within this problem area, Many studies have been reported

which might conceivably be interpreted as bearing upon "overt

behawvior duration". Such interpretations are far removed

from the intentions of the original workers however., A re-

inte rpretation without further research would certainly lead

to unacceptable generalizations.

Duration as Experience: Wnen duration is spoken of as
eXperience it may have reference to experience in an "intro-

spec tive" sense or in a "phenomenal" sense, In the intro-

spec tive" sense duration most often refers to one dimension

of sensation, or mental content, and in essense is an event

localized within the self. In contrast, "phenomenal duration"
?

refers to an externally localized event, something that occurs

out in the world and apart from the observor himself., The

tarliegt psychologists, the psychologists of content, used

the word in both senses 18 but the use of duration as an att-

ribute 1g unique to them and we shall conslder it now.

Attributive Duration:

KUlpe, Titchener, and Mach, as
°x‘~mples, all conslidered quality, duration, intensity, and

¢xtension as being the basic attributes of sensation. Kfilpe
——————

18, Kulpe, op. cit.
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more than anyone else lucidly formulated a position with

regpect to attributive duration. 1In his treatise, Outlines

of Psgychology, Kflpe distingulshes between attributive dur-
atlon and the other three sensory attributes as well as

attxributive duration and "interval". This work will be re-

ferred to in the ensuing paragraphs.
Duration was named as one of the attributes given in

sensation and feeling, and, as such, was a universal attri-

but e coordinate with quality and intensity. Duration as an

attribute was defined only by 1ts magnitude and never by 1ts

refe rent, According to Killpe, duration appears as "the

gelmplest temporal predicate - - - the attribute of a single
conscilous procesa."l9 Attributive duration, unlike quality,

1ntensity, and extensity was the only sensory attribute

measurable by objective procedurea.zo

The interval, on the other hand, was one of the predi-

Categ of duration, the "endurance of something," 1i.e., in-

terval was what we have called phenomenal dumtion.21 "Inter-

Val Quration" was said to involve “temporal position", i.e.,
an earlier or later place in the successlion of consclous

Procegses, plus event frequencies, and event recurrences. We

D&y quote KuUlpe to gain an understanding regarding the

e

19, Ibid.

20, Ibid,, p. 280
21, Ibid,
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relationshlp the new psychology assumed to exist between

those related variables.

"We do not mean, of course, that the Jjudg-
ment of duration must, therefore, necessarily be
the most original 1n the psychology of time, 1i.e.,
that 1t i1s chronologically prior to all the others
and 1s the foundation of any one of them in the
particular case. We believe, on the contrary, that
all the different kinds of temporal Jjudgment which
we have mentioned, - duration or interval, direction
and rapldity of succession, number and period,- are
capable gf an equally direct or immediate applica-
tion.* 2

These distinctions no longer have especlial importance
becauge the systematic introspective programs of the psycho-
logie s of sensation have all, to the present writer's know-
ledge, been abandoned, 23 Hence, we will now turn to consi-
der phenomenal duration.

Phenomenal Duration: Early in the history of psychology

Mach made an observation to the effect that durations are
organi zations of multiple and vastly different events, and
that thege organizations are not expressible solely by refer-
€Nce Lo the recognizable constituents., The flavor of the

phen°mena1 glven l1ls evident in the following passage trans-

lateq T rom Beltrage zur Analyse der Empfindungen:

\
22.  7Ipid.

repi3° KMlpe changed his views considerably after 1900 and
mentESQnted a psychology more phenomenalogical and less ele-
8T ic., E.B, Titchener later modified similar views. In

g

né?fr‘]é Eorm duration 28 well as extension and intensity were
(Ney % as qualities, Systematic Psychology: Prolegomena
durat Oxrk: MacMillan Eo., 1929) Wundt never considere

of ¢ lon per se. Rather, he referred to "time" as a "mode

in ¢ M ]ex perceptual organizatlon." Sensation and Perception

Ce: the History of Experimental Psychology(New York: Appleton
Mt ory T CGrorts, I"L—)_nc., 1942), p. 57k, !
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"That a definite, specific time-sensation
exists, appears to me beyond all dcubi. The
rhythmical identity of the two adjoincd measures,
which vary utterly in the order of their tones,
is immedliately recognized. We Lave not to do
here with a mattier of the understanding or of
reflexion, but with one of sensation. In the
same manner that bodles of differen! colors may
possess the same spatial form, so here we have
two tonal entities which, acoustically, are di-
fferently colored, but possess the same temporal
form. As in the one case we pick out by an imme-
diate act of feeling the identical spatial com-
pronents, so here we lmmeciately detect the iden-
tical teggoral componenvs, or the sameness of the
rhythm, "

James made a pictorial tut similar description. In one
place he likens durations to a ship:

"With a bow and a stern, as 1t were, - a rearward -

and a forward-looking end." <5
and in another he says that:

" We do not first feel one end and then feel the
O ther after it, and from the perception of the
Ssuccesslon 1lnfer en interval of time between, but
we geem to feel the interval of time as a whole,
with its two ends embedded in 1t."26

and in gti11 another place he says;

"A guccession of feelings, in and of itself, is
Not a feeling of succession, And since, to our
8Uccessive feelings, a feeling of succession 1s
&8d ged, that must be treated as an additlonal fact
e quiring its own elucidation." 27

Hence both James and Mach in a way anticlpated later molar
Cutlooy g although 1n large part their psychologies made re-

T
‘rence to elementary properties and the lays of their syn-
thesy gy

& T— -
= Mach,_Contributions to the Analysis of the Sensations,

a : P
2 lBg%?' C.M, Williams (Chicago: Open Court Publishing Co.,

, P. 110,

pugllliam James, Principles of Psychology(New York: Dover
26, dcations Inc., 1950;, p. 609.

27. \Ebld. p. 610
Qio: p. 628
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The formal recognition of the duration as a phenomenally
wvhol e experlence of course awalted the formulation of the
theoretical principles lald down by the Wertheimer, Koffka,
Kdhler school of Gestalt Psychology. Our formulation of dur-
ation as the experience of the "for-me endurance of an inter-
nal event" i1s phenomenal in nature and agrees with the Ges-
talt formulation of sensory experience., Their fundamental
re-orientation to problems of experience are too well known
to require further elaboration here, The Gestalt position
did not, of course, alter the facts of observation but served
80lely to place them within an adequate theoretical framework.

Surprisingly enough, almost, if not all, the solid ex-
Perimental work related to phenomenal duration in the early
perlod of psychology, came from the psychology of the intro-
spectionists. Kilpe's "duration of something", i.e., the
"interval", 1s identical to the phenomenal duration 1f the
former fact i1s stripped of systematic connotations. The
early P sychologlsts of sensation asked two questions regard-
Ing the ®quration of something" and thelr answers are of con-—
¢er to yg because they provide the beginnings of an empirical
frame ot pererence for the term. One of the questions had to
0 with the "least duration" discriminable and the other had
% Q0 with the possibllity of establishing a functional clar-
ln':mtlon of phenomenal duration.

The answer given to the question, "what 1s the least
duratlon discriminable?" seems to depend upon both the modal-

it
V¥ 8nQ the method used. Kulpe points these difficulties out
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in considerable detail.23 Generally these studies agree to
the fact that the least interval 1s smallest in the audlitory
modality and largest in the cutaneous modality. Most of the
source books give an interval of 1/500 of a second for the
ear, 1/20 of a second for the eye, and 1/20 to 1/30 of a sec-
ond for impingements ylelding a report of "moderate pressure",
Technical reasons prevented study of other modalities. There
1s alsc some doubt that much of the least interval discrimin-
atlon studies have much at all to do with durations in a strict
sense, because the methods at that time employed the "empty
interval" technique. Customarily, the intervals Jjudged were
physically empty periods bounded by well-defined signals, for
example, in the case of auditory intervals, by clicks. Kulpe
pointed out the likelihood of these discriminations being not
of duration but of "frequency" or "successlon" of signa18.29

The empirical classification of experienced duration
offers more for us. Introspective psychologiste were univer-
sally agreed by 1900 that the "durations of something" are of
three a1 gtinct types, the "small interval" type (up to .5
seconds interval), the "moderate interval" (.5 to 3.0 seconds),
and the *long interval" type (plus 3.0 seconds). Kilpe ex-
Plaing the qistinction as follows:

"The temporal Judgment has three essentially
Qi gtinct forms; one with 'small' intervals up to

&bout 0.5 sec., another with 'moderate' intervals
be tyeen the limits 0.5 and about 3.0 sec.,, and yet

Mpe, op. g_:ltl., p. 379-397.

29' Ibido’ Pe 2
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another with 'larger' intervals beyond 3.0 sec.

In estimating the very smallest times we do not
compare the magnitude of palrs of two intervals,
but the rapldity of succession of two impressions.
In estimating moderate lntervals we really compare
the time-lengths themselves, Nelther method is or-
dinarily applicable to large lntervals, and we con-
sequently make our estimation of them by indirect
means, - by the help of a subjectlive revival of
the limiting impresslion, or of the contents of the
time as 1t passes (phases of respiration or what
not), etcs It is plaln that these threg different
ca ses are not by any means coordinate," o

This parting shot from KUlpe concludes our general
discussion of duration. Subsequent work will be reported

in the sgection titled Prior Experimentation,

Operational Denotation of Phenomenal Duration: We have
Just given a general characterization of phenomenal duration.
It 18 now necessary to describe possible experimental equi-
valents of this term.

A recent article discusses four operationsl possibili-
tles commonly used in investigations of "curation". The
first or these, "the method of verbal estimation," requires
the 8ub ject to estimate verbally the clock time elapsed during
the phenomenal duration. The second, the "method of produc-
tlon" Qemands that the subjJect Judge a phenomenal duration
®qual o that of a standard clock duration., Under this con-
ditlon. the subJect 1s typically instructed to signal the
*XPerimenter when a given number of seconds or minutes have
®lapged, The third method, named the "method of reproduction,"
requlres the reproduction of a standard interval, the stan-

darq being given as a concrete experience. In this case, the

\
30, Ibid, p. 386.



e

Il



- 24 -

expe rimenter asks the subject to attend to the duration of an
event and then to reproduce an equivalent phenomenal duration,
The xremaining method, "the method of compsrison", is similar
to the third in that the standard interval is given as a con-
crete experlence. It 1s different, however, in that the ex~
perimenter presents another concrete duration and asks the
sub Ject to compare the two and report whether the second is
longer, shorter, or equal to the first,

The following can be sald regarding these four methods;
the <first two methods are unacceptable empirically, because
they must assume sore sort of "time sense" existing apart from
observation of a physical clock. That is a time impression
1s a ssumed to be the empirical referent for the directions.
The questionable notion of an a-priori phenomenal time-gense
owes 1its origin to Kant, and has been criticized by empiri-
clsts gince the time of Wundt at least. While Bartley 31 dis-
Cusse s numerous aspects of human hehavior, such as sleep and
mking states, perlods of ovulation in the female, tempera-
Dent change, etc., that can be fairly expressed as cyclic man-
1f°Bt&tions, there 1s little or no empirical evidence support-
ing the notion of an "internal clock" in the sense of a me-
chanica) internal regulating device. In addidition, one would
S¢em to have absolutely no empirical reason to suspect that
such g mechanism, 1f 1t did exist, would be coordinated with
the Navg) observatory time signals.

3175 H. Bartley, Fatlgue and Impairment in Man, (New
York: McGray-Hill Book Company, ne., 19473,pp.2u0-301.
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The third method, that of reproduction, i1s less desir-
able than the method of comparlison because the observor's
point of reference 1s altered when the experimenter goes from
the standard to the .varliable condition, In other words, the
‘method of reproduction" requires the subject to passively
valt for a standard interval to pass and then to actively
reproduce an 1dentical phenomenal duration. On the other
hand, the "method of comparison" provides the most satisfac-
tory control of attitude by keeping the method of observation

constant, i.,e,, the observor passively observes both durations,

the operational equivalent of the term phenomenal duration,
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SUMMARY

On the baslis of the foregoling dlscussion, we must ex-
press regret that the term "duration" always implies "time",
Enlaxrging upon the term 1n this manner brings about needless
difficulty. The equating of duration with "time" is apt to
elicilt diverse and conflicting theoretical expectations for
empirical studles of duration. Too often these expectations
are apt to be quite "un-matter of fact" or remote from the
problem at hand.

Durations that do not necessarily imply time are: 1)
duration as a dlscrimination of experimentally set intervals,
11) duration as an universal attribute of mental elements,
and, 11i) phenomenal duration, However, the relation of
discriminative duration to attributive duration and phenome-
hal duration is not known at present, and the relation of at-
tributive duration to phenomenal duration 1s largely a matter
°f academic interest. Therefore, phenomenal duration should
N0t b e viewed as an aspect of an independent time, nor does
it bear any known empirical relation to "clock time" or time
dlscr 3 pinations measured by overt behavior.

At this point, phenomenal duration can be viewed posi-
tlvely as a term standing for a rather isolated matter of
fact ; This fact 1s the experience of a "for-me endurance
°f an external event". The experience itself is phenomenal
nd Nence 1s a molar experience existing in 1ts own right

a
nd T ranscending the elements recognizeable within 1t. This
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endurance cannot be glven a clearly defined lower limit on
the clock scale, although the endurance can be given a three
fold classification on a functional basis. Operationally,
"phenomensal duration consis%s >f reports of “for-me" endur-

ances of external events via the method of compesrison.
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DEFINITION OF PHENOMENAL CHANGE

The preceding distinctions and these to follow are not
mere pedantry on the writer's part., It is solely on the basis
of such careful phenomenal definitions that we are both able
to usefully employ the phenomenal terms, and to clearly dis-
tingulsh one phenomenal varlable from another. To do other-
wige 1s to risk, if not invite, an irrelevant or nonsensical

result,

Change: Baldwin's Dictionary discusses the term change
at some length. According to the source, the term in the
wlde st sense denotes the presence of any variation or differ-
ence, whether or not any identity is involved., This defini-
tion includes what we commonly call movement, modification,
§row th, development, etc., as well as more specific kinds of
change. A somewhat less general usage than the above distin-
8ul shes two kinds of change conditions., First, a condition
can be called a change if a distinguishable thing exists which
€l ther d1d not exist at the immediately preceding moment, or
does not exist at the immediately succeding moment. Secondly,
& condition can be called a change when an enduring thing is
881d 1o have undergone an alternation. 2 Since we are con-
°érneq with experimental conditions which involve an 1dentity,
lee, s we are concerned with the relationships of "phenomenal
°h°‘n8e" and "phenomenal movement" with respect to the "for-

U® enqurance of an external event," an instance of the second

—————
32, Baldwin, op. cit., Vol. 1, p. 171-173.
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usage above will be selected as our definition of "change".

Thus, "change" 1is defined as a condltion in which gome

the parts, but not all, are the same on any two occasions of

observation,

Phenomenal Change: A good example of phenomenal change
18 provided by a kaleldoscope in operation., Other systems
anal ogous in princliple but less complex 1n design and pheno-
menal effect can also be used. Such a symplified kaleldoscope
will be described in the experimental sections. The most
loportant is not the particular method employed, however, but
the phenomenal end result is an on-going transformation occur-
ing within a phenomenal whole., Thus a kaleidoscopic instru-
Ient alone will not suffice a priorl as a satisfactory oper-
atlonal definition of "phenomenal change". It must for ex-
ampl e be directly ascertained under the conditions of opera-
tion that the physical effect produced is not experienced as
& system of moving things, each existing in 1ts own right,
The procedure must result in the experience of an identifiable
unltary thing undergoing continual modification., The term

Phenomenal change, therefore, will be given the following
meaning.

&hﬁx& 1s obsgerved and so reported by an observor to the ex-

Perimenter in an experimental setting,
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DEFINITION OF PHENOMENAL MOVEMENT

As the previous discussion pointed out, "movement" in

& generlc sense 1s & specles of change. 1In a specific sense,

however, the word "movement" ordinarily serves to denote a

specific kind of change. Bearing the generic notion in mind,

the following definition can be usefully made.
Movement: Movement refers to & system of things in
which the things have a salient continuity and direction re-

lative to one another, Such a system is totally different

upon any two occasions of observation.

Phenomenal Movement: A good example of phenomenal move-

Ient 1is provided when a stationary light is projected through
& rotating glass disc covered with cellophane confetti onto
& surrace. If the pleces of confetti are of small enough
8lze, colors will start on one side of the surface, move to
the other, and disappear in a never ending succession. Such

2 device will be described later in some detail. A warning
slmllar to that given in the case of phenomenal change appar-
atus must be made here respecting the phenomenal movement ap-
Paratus, It must be polnted out that any pilece of equipment
will suffice, providing the physical effect produced by this
®Qulpment 1s experienced by the subject as a system of moving
1‘hil'lgl, each existing in its own right. The denotation is
#PPlicable only to apparatus which in operation produces a

Teport from the observer to the effect that he experiences
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the surface as being separate from the things moving.

The term "phenomenal movement" therefore will be given

the following meanlng.

Phenomenal movement is defined as a condition in which

Dovement 18 observed and so reported by an observer to the

€Xperimenter in an experimental setting,

Thus, the outstanding difference between phenomenal
change and phenomenal movement is provided by the identifi-
catlion of phenomenal change with the constant evolution of a

unitary thing and phenomenal movement with the transition of

mult iple things across a surface.



CHAPTER 1II
PRIOR EXPERIMENTATION UPON
THE PHENOMENAL VARIABLES
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I1. PRIOR EXPERIMENTATION

Over the years the study of "time" has taken various
form &8 and has presented problems for workers in diverse fields.
A good part of the research might fairly be said to provide re-
sult 8 that bear upon problems related to phenomenal duration.
Inve s tigations have considered the effect of filled versus un-—
fillleQA intervals, individual differences in Judgment, the con-
trlbution of body rhythm, organic and kinesthetic factors, the
contx~1 bution of learned factors, and genetic variables. Still
there has been a remarkable oversight, Despite the fact that
all tainme systems and all durations always have to do with some
kind or change, there i1s almost a complete lack of direct re-
8¢arch into this relationship. For this reason the review of
the 13 gerature will not be extensive and some of the material

revieweg will not be as much to the point as one might desire.

P\henomenaj; duration and change: The experimental work

de.llng wilth short interval estimation and short interval re-
produetlon has been centered around questions regarding the
‘pplletbility of Weber's Law, the location of indifference zones,
the © T rfects and production of rhythm, the discovery of empirical
°rit°1‘1; employed by subjects in "time" estimation tasks, and
th'e Telation between physical events and the phenomenal res-

Pnae 8, Since phenomenal change refers to an abruption in a

“m‘rled “for-me" experience of an external event some of the

vork in the last two short interval categories will be reviewed.
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The review will not be comprehensive for three reasons; i)
the experimental results reported are not by and large inter-
nally consistent; 1ii) the physical intervals reported are
very short; 111) the manipulations made were often minor in
nature and beside the point as far as the later research pro-
blems of this thesls are concerned. Reports of the earlier
work will be reviewed from secondary sources.

Hall and Jastrow in 1886 reported results obtained by
having subjects compare fllled with empty intervals. The in-
tervals were from 1 to 3 seconds. The fllling conslsted of
a series of auditory abruptions in the form of clicks. The
abruptions increased the phenomenal duration of the filled
intervals when compared to the unfilled, although the presen-
tatlon order of the auditory targets and the clock duratlions
Sometimes obliterated the abbrevlation.l

EJner and Kraeplin, in 1889, filled intervals of 30 to
240 seconds with metronome beats and compared the phenomenal
duration of these to empty intervals equally as long. They
found the reproductions were consistently longer than the
standargg independent of whether the intervals were experimen-
tally empty or filled.?

Meuman in 1896 reported experiments relating temporal

valueg and various fillings of intervals to phenomenal dura-

tion, The standard intervals varied from 0.3 to 10.0 seconds,
ee——
1. b, Triplett, “The Relation Between the Physical Pattern
and the Reproduction of Short Temporal Intervals,"

Pgychol. Mong. XLI (1931), p. 203, p. 210.
2. Toid op. 20b ’ ’
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and the flllings were achleved by smooth tones and clicks.
He concluded that continuous filling by smooth tones led to
a shortening of phenomenal duration in cases where the filled
interval preceded the empty. With the opposite order an empty
interval followed by a contlinuously filled, an abbreviation re-
sulted only in the middle range of temporal values. In con-
trast, to both of the above findings, the abruptions produced
by clicks showed no order effect but produced a phenomenal
shortening in the shorter range and a "lengthening in the case
of the longer values."3
Gulliksen in 1927 attempted to ascertain the influence
of various "situations" on time estimatlion., Two of his con-
ditions required the subjects to estimate the clock time of
auditory units. One of these units was a clock interval of
200 seconds, filled with a metronome beating 66 times and a
me tronome beating 184 times per minute. The experimental re-
8ults showed that both intervals were overestimated by clock
8Tandards and that the overestimation was greatest in the case
O the slow metronome., The average estimate was 223.7 seconds
for the slow metronome and 214.1 for the rapid., The standard
deviatlons, however, were 92.4 and 85.2, respectively.“
Roelofs and Zeeman5 in 1949 published an account of an

€Xtended series of experimental investigations. The studies

\
3. Mo p. 205
4, H. Gulliksen, "The Influence of Occupation Upon the
27),pp.52-59.

Perception of Time," J. Exp. Psychol., X(19
5. 0. Roelofs and W.P.C. Zeemanf’ The Subjective Duration
8

of Time Intervals, 1," Acta Psychol., VI (1949), pp.
127-177.
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had to do with the effect of interruptlicns of various lengths
on the phenomenal duration of visual targets with short ex-
posure times. The method of comparlison was uscd to express
the experimental outcome, The subjects were required to com-
pare the phenomenal duration of a continucusly exposed lum-
inous square with the phenomenal duration of a similar square
with the phenomenal duration of a similar square exposed with
interruptions. The standard intervals used varied from 420
nsec, to 1,800 meec. They found that empty intervals of 1800
nsec., i.e, an lnterval between two brief flashes of a visual
target, were experienced as being shorter than continuously
filled intervals., The average shortening they report to be
about 12,3% of the continuously filled interval. Interrupted
intervals of 420 to 1800 msec. also resulted in shorter phe-
Nomenal duratlons than those continuously filled. The effect
of the abruptions was enhanced as the temporal values of both
intervals were increased. Thus, an interval of 1800 msec.
¥ith a break of 900 msec. when compared to a continuously ex-
POseq target, resulted in an average shortening of 24,6% while
8 420 msec. interval with a break of 210 msec. produced an
avelﬁige shortening of only 8%. The order of presentation af-
rected the reports. The first tended to be reported as shor-
ter and the second as longer. This order effect was not so
large as that produced by the abruptions in the duration,

In a later article Roslofs and Zeeman6 clte additional

——
6. Ibid., pp. 289-336.
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experimental data using longer intervals, The experlimental
procedure was about the same as above. They report that with
intervals of 3,200 msec., breaks of 400-640 msec. did not pro-
duce differences in phenomenal duration, The order effect was
also altered for longer intervals. With intervals shorter than
700—~800 msec. the second in order tended to be reported as lon-
ger, and with intervals of above 1600 msec. all blasing gra-
dually decreased.

Hirsh, Bilger, and Deatihersge recently reported a study
concerning the changes in phenomenal duration accompanying
Changes in experiential background, In a series of experi-
kent s subjects were required to reproduce the phenomenal dur-
8tions of tones and lights when the context in which the tones
8nd 1ights occurred was altered from ambient light or dark to
amb j ent nolse or quiet., Durations of 1,2,4, and 16 seconds
WYere used and the results were clearcut. The ambient condi-
tiong of darkness or light had no influence upon the phenome-
nal Gguration of elther tones or light, while background noise
ha o a marked effect. Reproductions of standard intervals of
Phenonenal duration of tones or lights were made much longer
Yhen the standard was presented in the quiet and the reproduc-
tlon rendered in noise., This indicates that ambient noise
shOrtens phenomenal duration. The opposite was true when the
8U4Q3 tory targets were given as standards in the nolse and re-
px"36.11ced in quiet. In this case ambient quiet served to len-

gthen phenomenal duration. Moreover, manipulation of amount
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of ambient nolse showed that the response followed the noise
level expressed in db's, the curve describing a curvilinear
function, The authors acknowledge that the ambilent noise con-
ditions were not the phenomenal equivalents of ambient light
conditions, since they did not correspond to one another on
the visual-audlitory scale of equivalence constructed by Ste-

vens, ?

Phenomenal duration and movement: Probably the earliest

observations related to the problem were made by De Silva in
1928.8 His primary interest was the study of various factors
contributing to maximal velocity in apparent movement. It was
known then on the basis of Korte's 1919 research that there
vere certain strict relationships between beta movement and
the distance separating the experimental targets, the size of
the target, the time pause between target presentations, etc.
De Bilva's exhaustive extension of Korte's work need not con-
cern us here except as 1f related clock time to phenomenal
speed, and related physical velocity to phenomenal duration,
Using the very short exposure times necessary for beta move-
ent he found that the clock time element was most fundamen-
tally related to phenomenal speed, and also that the angular

Physical velocity was closely related to the "duration of sen-

Batlonu.
\
7« 1I.J. Hireh, R.C. Bilger, and B.H. Deatherage, "The Ef-
{ect of Auditory and Visual Background on Apparent Duration,"
mer, J._Psychol,, LIX (No. 4, 1956), pp. 561-575.
Lino® H.R. DeSilva, "Kinematographic Movement of Parallel
ines," J, Gen. Psychol., I (1928), pp. 550-557.
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The studies of Helson and King concerning the Tau Effect
are the next studles of note., These investigators showed the

importance of the time factor upon apparent movement on the cu-

taneous membrane, Thelr results led to the conclusion that,

"The temporal factor enters as an integral part of the causal
complex determining the experience of Space."9(p. 216). The
time pauses used were fractlons of a second and no mentlion was

made of phenomenal duration or the phenomenal velocities asso-

ciated with the movement.lo

Brown reported a series of experiments in 1931 related to
thoge of De Silva., His first study dealt with target and field
factors related to the production of increases in phenomenal
Velocity. His main findings related the effect of field pro-
Pertiles upon phenomenal velocity and hence do not concern us
here, However, he did report that introspectlive reports of his

8ub jects indicated a positive relationship between phenomenal

velocity and phenomenal duration,it

In a later experiment Browr}zinvestigated the relationship
betWeen phenomenal velocity and phenomenal time (1.e. phenome-
nal qyration) directly. The method of comparison was used
vith intervals of around three seconds, The experimental pro-

¢¢dure was to allow a subject to adjust the velocity of a moving

—
9. H, Heleon and S.M. King, "The Tau Effect--an Example of

Pls5“31':olog1catl Relativity," J. Exp. Psychol., XIV (1931), p. 216.

1o, Ibid., pp. 202-218
Pao L1, F. Brown, "The Visual Perception of Velocity,"

Je
~8¥chol. Forsch., XIV (1931), pp. 199-232.
12, J.F, Brown, "On Time Perception in Visual Movement

Flelas,* Psychol. Forsch. XIV(1931), pp. 233-248,
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field of black targets until the phenomenal duration of
transit of a target across an aperture was Judged as being
equal to the phenomenal duration of an auditory signal., As-
pects of the gestalt were manipulated, such as breadth of the
field and illumination of the field, Brown hoped to demon-
strate the equation phenomenal velocity = phenomenal space/
phenomenal time (u = s/t) is as valid a relation as the phy-
eical equation V = S8/T. 1n order to do this he had to show
that where the traveling targets were experimentally exposed
and observed, the phenomer.al duretion would balance with the
phenomenal rate of movemeni and the ohenomenal space values
in the manner Gemandea by the equation. On the baslis of his
previous work he knew how to reallize experimental field con-
ditions that would alter the vhenomenal velocity by a measur-
able amount, He reasoned that if he would, for example, de-
Crease the phenomenal veloclty of the target a phenomenal 20%
he should at the ssme time decrease phenomenal durations by

& similar percent of the physical time of the standard dura-

tlon. The outcome of his experiments led to the generallza-
tion that v,.,.the phenomenal time necessary for visually
bércelved movements to cover phenomenally equal spaces varies
inversely with the phenomenal velocity."l3

14

Some years later, D. Cartwrigh challanged Brown's

B pa ___
1 ibid,, p. 247
* D, Cartwright, "On Visual Speed," Psychol. Forsch.
XXII (1938), pp. 320-342,
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conclusions maintaining that Brown's results were actually
incompatable with his theory. His criticism need not occupy
us here because a reply by Brown several months later 15
showed that Cartwright's criticlism was poorly founded,
The grounds that Brown should have been criticized
upon, and was not, are the conceptual., Brown has no legi-

timate reason, that he formally states, for expecting the

isomorphic relation he tests. The physical statement V=S/T

is an analytic (logical) not an empirical truth. The phy-
glcal statement 1s true only because of the way the physi-
cist chooses to use his language, i.e. velocity 1s defined
that way, as 5/T. A quote from W. Westphal's 16 Kleines

Lehrbuch Der Physik will make this particularly clear. He

\-—-
says:

"If a physical magnitude is to be measured,
1t must be known preclsely what 1s meant by 1it,
or one can also say an unequivocal measuring pre-
scription, must be given., One should never forget
that a physical definitlon does not meet its pur-
pose if i1t does not indicate exactly how the de-~
fined magnitude 1ls to be measured.

As 1t turns out the great majority of all
physical magnitudes can be defined through a very
small number of a-priorl given basic magnitudes.

Iv is actually arbitrary which magnitudes are cho-
sen ag baslc magnitudes; they must only be inde-
pendent from one another, that is to say, none of
them must be definable through the rest. All other
magnitudes are derived magnitudes. An example 1s
15, 5
: J. Brown, “The Dynamics of Visual Speed, Time, and
t?pac‘»e: A Reply to Cartwright, Kdhler, and Wallach,"
16-22&;. Pgychol, VIII(1939), pp. 237-246.
3 W. Westfall, Kleines Lehrbuch Der Physik. (Berlin:
Pringer-Verlag, 1953), P. 2.
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velocity, which 1s deflned by means of the
basic magnitudes dlstance and time, as the
ratio distance:time., A system of such ba-
cic magnitudes and the magnltudes cderived
from them is called a system of measurement, "17

Brown, on the other hand, treated all of the phenomenal

variables as empirical, Thus, there can be no guestion of

1 somorphism even though Brown's v=g/t did function empiri-
cally. This strongly suggests that Brown may have misunder-
s8tood the implication of hls results., Another possible ex-
prlanation of his results will be entertained later.

Cohen,l8 and in another article, Cohen, Hansel, and
Sy lvester 19 report studies relating phenomenal duration
andq sgpatial factors by the use of three visual targets timed

to give beta movement., The study is thus analogous to that

—

17. WVenn man eine physikalische Grosse messen will, muss
man zun¥chst genau wlssen, was man unter ihr versteht.
Ee muss von ihr eine ganz eindeutige Begriffsbetimmumng (Def-
Lﬂltionz gegeben sein, man kann ebensogut auch sagen: elne
€indeutige Messvorschrift. Man vergesse nie, dass eine phy-
8lkalische Definition ihren Zweck verfehlt, wenn sie nicht
€enau angibt, wie die definlerte GrB3sse gemessen werden soll,
Er erweist sich, dass man die ganz {{berwiegende Mehrzahl
de physikalischen Gr8ssen durch eine sehr Kleine Zahl von
Vorweg (a priori) gegebenen Grundgr¥ssen definieren kann.
wslche GrYssen man als Grundgrdssen wihlt, ist an sich will-
gul‘lich; sie missen nur voneinander unabhfn lg sein, d.h.,
le ywelteren Gr8ssen helssen abgeleitete Grossen. Lin Beis-
Ple] 1st dle Geschwindigkelt, die mittels der Grundgrdssen
Ii'a-l‘lge und Zeit als das Verh#ltnis Wegl¥nge: Zelit definiert
ST, Eiln System solcher Grundgrdssen und der von ihnen
8bg elelteten Gréssen helsst ein Masssystem. Ibid.

18, J. Cohen, "The Experience of Time," Acta Psychol,
X(1954), pp. 207-219.

19, J. Cohen, C.E.M, Hansel, and J.D. Sylvester, "A New
Phenomena in Time Judgment," Nature, CLXXL'[ (1953),
Pe. 901.
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of Helson and King with respect to the Tau effect and uses
very short time separstions in the neighborhood of 0,5
seconds. The subjects in these experiments were required
to clivide the interval given visually into two equal phe-
nomenally equal durations. The targets were seen as three
hor3i zontally located flashes of light, equal in brightness
but Qiffering in distance from one another. 'he distance
from flash a to flash b was greater than the distance from
b to c, or vice versa., By adjustling a lever the subjects
Were able to control the timing of the center flash and
Were instructed to adjust the light so that the time was
the game between & and b as b and ¢c.

Cohen, Hansel, and Sylvester 20 have subsequently
réepoxrted more carefully controlled studies that confirm
thelx earlier results. Most significantly, the later studies
1ndicate the spatial-phenomenal duration relations hold for
t&rge T conditions not producing beta movement. In acdition,
the L ater studies indicate the effect to be most pronounced
in the downward direction and least pronounced in the upward
Urec tion.21

In 1951 Roelofs and Zeeman"a2 reported several experl-
"Nta) gtudies differing from those reported above in several
20, 5~ ;

-« Cohen, C.E.M. Hansel, and J.D., Sylvester, "Interdepen-

g;nce of Space, Time, and Movement," Acta Psychol., XI(1955),
- 61- 720
2L, Be?rera]B. additional studies on the relation of phenomenal
g:uration and spatial factors were reported in the Japanese
1°urnal of Experimental Psychology by M. Abbe in 1936 and
re 9'37. These studies seem to have produced about the same
cosults as those reviewed, although the method used was that of
ve Parison. For this reason and because short temporal durations
Zabe used, they were not ordered by lnter-llbrary servlce.
* C.0., Roelofs and W.P.C. Zeeman,"Influences of Different
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respects. The experiments aimed to ascertain the influence
of both spatial displacement and veloclity, i.e., relative
displacement per unit of time, upon phenomenal duration, They
requl red the subjects to compare the duration of fixed to
moving targets, and moving to moving targets. The targets
were squares in all cases and the presentation time of the
standard varied in steps from 3,200 to 200 msec, The dis-
nlacements and velocities assoclated with the different stan-
dard times varied from a spatial displacement of 3 cm. at a
velocity of 7.5 cm./sec. to a spatial displacement of 24 cm,
at a velocity of 30 cm./sec. In some instances when the
Spatia]l displacements were less than 12 em., the velocity
reached 60 cm./sec. The most clearcut funding was that moving
bresentations are experienced differently than stationsry tar-
€ets. This relationship 1s somewhat complex, however. They
founQ that; 1) the longest standard time, 3,200 msec., brought
&bout no differences between moving and fixed targets; 11)
®XPo &\yres between 1,600 and 800 msec. with higher velocities
and 1arger displacements produced apparent lengthening of the
comp&rison interval; 1il) when the fixed target was set at
400 In gec., the higher velocities and displacements produced
an &P parent shortening. This effect 1s the opposite of that
I‘ound in the midale length intervals; 111i1) setting the stan-
carq at the shortest interval, 200 msec., resulted in an apo-
areny lengthening, the lengthening increasing as the displace-

Sequ— .
qu“Ences of Optical Stimull on the Estimation of Duration of a

Ven Interval of Time," Acta Psychol., VIII(1951-1952),pp.39-128.
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men ts and veloclties increased. These findings led the in-
veg tigators to conclude that velocity 1s the important feature
wvith longer target intervals and that displacement is the im-
vortant feature with shorter target intervals. This would
mean that veloclty and displacement affect the experimental
outcome in opposing ways. While this conclusion is in accord
vith the other finding reviewed in this section, they seem to
be unwarrented by the data. The longest interval, i.e., 3,200
msec., brought about no differences and the shortest interval,
l.e., 200 msec., had an effect opposing the conclusion. None-
theless, it 1s lmportant to recognize the possibllity that phe-
Nomenal duration may perhaps be based on differing aspects from
Visual situation to visual situation even vhen the changes are

relatively minor in a physical sense.

Sumnary: Most of the studles indicate that when abrup-
tiong are introjected into experimentally glven lntervals,
these affect the observer's Judgments of these intervals., Im-
Jortantly, one study of Hirsh, Bilger, and Deatherage demon-
strateg the particular sensitivity of phenomenal duration to
differences in the level of ambient audlitory events. This out-
come agrees well with experimental facts reported by introspec-
tive’ D gychologists. The introspective psychologlists showed
the Leggt interval to have the smallest value in the auditory
m°da11ty. The literature contributes dlsappointingly little,

h°"ever, toward the formulation of general hypothesls regarding
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thhe effects of phenomenal change upon phenomenal duration.
Th e reasons for this are the following; 1) the results re-
sorted are conflicting, 11) the reesults are dependent upon
the short lntervals used, 1il) the results also seem to be
too dependent upon the experimental method used, 11iil) ex-
ce edingly simple abruptions were ordinarily used, usually,
for that matter, only single abruptions, 1i1ii) the physical
abruptions were not given an adequate phenomenal definlition.
Studies have been made of the effect of movement upon
short phenomenal durations. The studies ordinarily have used
intervals around a length necessary to produce beta movement,
€.Ze 600 msec. The studies generally indicate that 1f other
factors are held constant, vhenomenal duration will decrease
a8 phenomenal speed and physical velocity are increased. That
18, the equation v = d/t 1s generally satisfied in empirical
test gituations. This general finding 1s of resiricted im-
Portance, however, 1f the task 1s that of framing a general
€Xoectation concerning the relation of longer and more com-
dlex phenomenal movements to phenomenal duration. Roelofs
and Zeemans studies relating phenomenal speeds and physical
Velocy ties to phenomenal duratlons suggests that the effects
°f the se variables may be closely related to the short inter-
valg ordinarily used in the experiments. They may be lneffec-
tual or exert an opposing effect outslide the short interval
range . Obviously 1dentical criticisme can be made of these

Stuqles as were made concerning those that related phenomenal
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chang e to phenomenal duration, Hence they will not be re-

peated.






CHAPTER 1III

EXPERIMENTATION AND THE
PHENOMENAL VARIABLES.
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VII. STATEMENT OF THE PROBLEM:

The purpose of the present study 1s to investigate the
relation between several classes of phenomenal events. These
events are phenomenal duration, phenomenal change, and vhe-
nounenal movement, Specifically, the present studies aim to

test the hypothesis that 1. phenomenal duration will vary

88 & function of phenomenal chanye, and that, 2. phenomenal

duration will vary as a function of phenomenal movement. A

more restricted set of hypotheses cannot be made because of
the lack of a suitable framework of facts upon which to con-
struct them,

In orger to determine whether the duration i1s a function
of phenomenal change and phenomenal movement, certain prior
conditions must be fulfilled. First, we will have to pro-
vlide an 1ngtrument that produces phenomenal movements and
Phenomenay changes that are 1n accord with the operational
definitiong of the variables given in the previous chapters.
Seconcuy. we will have to construct scales for phenomenal
change &nq4 phenomenal movement so as to be certain to avoid
the Pltfallg of "stimulus centered" approaches to psycholo-
glcal Problems., Once phenomenal change and movement can be
Produced'

measured and controlled, a wealth of experimental

P0881bi11 164 are open for empirical investigation,
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Scaling Phenomenal Change

Experiment 1,

Purpose: The experiment was designed to obtain a psy-

chophysical scale for the rate of phenonenal change.
Subjects: One subject was used.

Apparatus: Tne equipment 1s plctured in Figure 1.

This equipment consists of three panes of 3/38" glass mounted
vertically to the floor, The mounting 1in all cases is accom-
Plished by having a 5/8"% plece of hardwood dowling pass thr-
ough the center of each glass and into a supporting bearilng,
The hardwood dowling is keyed to the glass discs so that the
disc s may be revolved by means of a driving mechanism applied
to the shaft. The glass discs vary in size. The upper disc
18 24n in diameter, the center dlsc 36" in diameter, snd the
lower digc 24" in diameter. The supporting shafts are all
hori zontal to the floor, and, relative to one another, fall
in a line pervendicular to the floor. The first hardwood
8hAaft pests 29" from the floor, the second hardwood shaft
st g 48" from the floor, and the top hardwood shaft rests
58 Trom the floor. As the dlstances between the shafts are

leaa than the dlameter of the discs, both the top and bottom

dlae overlap the center glass about 20", The small glass
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disc.s are set slightly to the front of the center disc and
do not interfere with one another when in motion. The top
glass is not used in this experiment. The lower disc is dri-
ven via a Cenco mixer motor, a variable speed clutch whose
shaft-end is ritted with a sprocket gear, two chalins, and a
1400-1 Boston gear box. Thise arrangement i1s depicted in the
lower drawing in Figure 2. An r.p.m. 1lndicator is attached
to the input slde of the gear box via a flex cable as snown
in the lower drawing of Figure 3. The range of the equipment
matched the range of tue speedometer. The relation between
the measurement of physical input vlia the speedometer can be
tranglated into a more general measurement by referring to
Figure 5. The center disc is driven from the shaft of the
lowver disc by a simple v belt and v pull-up, This drive 1s
shown in the upper-left drawing of Figure 3. Just to the
rear of the overlapping section of the top and center discs
18 mounted a B and L projector. The projector is normally
P08l tioned at a distance that permits the beam to occupy the
entire area of a screen 36" by 36" standing 6 feet away (see
Flgure 1),

On the glass discs prevlously described, through which
the beam from the projJectors are passed, are mounted numerous
tiny pleces of cellophane. These small pleces of cellophane
ire of many colors and produce a "kaleidoscopic change" ef-
I‘egt when the projectors are turned on and the discs rotated

i
n The same direction. Since the surfaces of the discs are
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moving in an opposing directlon where they overlap the bits of
cellophane merge and produce stronger colors than the single
pleces and then the union suddenly dissipates as the bits cease
to ovexrlay each other. The drawings of Figure 2 represent the
relation of the cellophane discs and light, A schematic dia-
gram and phenomenal description of the effect on the screen is
provided by Figure 4.

The screen onto which the kaleldoscope effect falls is
the front of the large box-like structure shown in Figure 1,
This box has an irregular shape., The box 1s 38" wide at both
the top and bottom and 36" high in the front, but only 24"
high in the back. Since the top of the box 1s horizontal to
the £1 oor, the bottom of the box is mounted on legs. The legs
are tall enough to accomodate an ordinary chair and torso of
an obgerver under the box. The hole i1s sufficiently close to
the screen so that, when facing the screen, the kaleidoscope
Otcupiesg the entire visual field,

The equipment is put into action by turning on the driv-
ing mo tors and projectors. The speed of the shafts are var-
led by the speed of the driving mechanisms, they have a way to
Produge various changes in the velocities of displacement on
the sopeen,

The nolse of the apparatus 1s variable and considerable,
Hence’ it 1s necessary to mask 1t so as to assure that the diff-
epences obtained were based upon visual observations. For thls
puI'Dose a doorbell and Burgess electric palnt sprayer were used,

T
hese are not pictured,
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Figure 4. This is a schematic representation of the
ange condition from the observer's point of reference.
From his reference point vaguely defined areas of
€0lor appear abruptly in every quarter, remain to
Swirl briefly, then float gradually upward or down-
Ward or lose their identity in a newer and stronger
ormation. A salient feature is the unsystematic
Undulation of the screen itself, This produces at
Times a distinctive three dimensional characterizationm.
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Method: The method of 1limits or ninimal changes was
used,

Procedure: The observer was seated in the viewlng
posi tion., He was instructed that when the kaleildoscopic
change occurred he should observe 1t carefully and instant-
ly report any abruption in the rate. The report was made
verbally or by a pre-arranged light signal. The experimenter
eta.rted the equipment and varled the rate as follows. First,
the rotation speed of the discs was set at the meen value
for the operative range of speeds, The shutter on the pro-
Jec tor was then opened and the kaleldoscopic change occurred
for the observer. The experimenter permitted the subject to
observe the screen for a few moments and then began to make
graduel adjustments of the dlsplacement rate, up or down, The
observer was not warned by the experimenter when° the variable
Wa.8 to be manipulated nor was he told whether the manipula-
tlon would result in a more rapid or a slower rate of kalei-
doscoplc change.

Each interval of the scale was established by 20 ascend-
ing andg 20 descending readings, The mean value served as the

Jen,d, No more than 20 judgments were taken at a sitting.

Results: It was necessary to make 640 observations to
€Xhauet the range of the equipment., The 18 step psychophy-
8lcal scale resulting from the experimental procedure is

Plctured in Figure 6., The results seem to clearly describe
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a curvilinear function and an appropriate curve was fitted

to the data by the free hand method, The distribution of

Judgments around each point 1s shown 1in Figure 7.

The data show that the J.n.d's of phenomenal change
increa se with increases in physlical change. The graph indi-
cates that phenomenal change does not bear a simple linear

relation to physical change, however,
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Conclusionsg: The results lndicate that we have a lab-
oratory means of procducling a continuum of phenomenal changes,
This continuum of change has been satisfactorily scaled by
an ordcinary psychophysical method. The presence of this law-
ful relationship means that phenomenal change can be produced,
measured, and controlled, Thls will allow phenomenal change

to be wused as a quantified variable in later experiments deal-

ing wi th phenomenal duration.
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Scaling Phenomenal Movement

Experiment 2.

Purpoge: Experlment 2 was designed to obtain a psycho-

rhy sical scale for phenomenal movement.
Subjects: One subject was used,

Apparatus: The equlipment was asg previously described
except for the following modifications. The center disc in
this experiment was driven from the shaft of the lower disc
by an X-ed v-belt and v-pulley set-up. This drive is shown
in the upper right drawing of Figure 3. Because of the lack
°of awailability of the desired belt length, a five inch
Pull ey was substituted on the shaft of the center disc. The
°rlginal pulley was four inches in diameter, hence the con-
Vérsgion curve of Figure 5 is no longer applicable. A con-
Vérsion curve for phenomenal movement is presented in Figure
9. This procedure also sltered the phenomenal outcome. When
the belt is so arranged, the surfaces of the discs move in
the gape dlrection where they overlap. This gives a constant
UN1d 4 rectional flood of color from the observer's right to
lert- A schematic diagram and phenomenal description of the

B0Vement effect is provided by Figure 8.

Method: The method of 1limits or minimal changes was

used.
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Procedure: The observer was seated in the viewlng pos-
ition. He was instructed that when the system of movement
was proJected onto the screen he should observe it carefully
and instantly report any increase or decrease in the rate of
flowe The report was made verbally or by a pre-arranged
light signal, The experimenter started the equipment and
varled the rate as follows. First, the rotation speed of
the discg was set at the mean value for the operstive range
of speeds, The shutter on the projector was then opened and
the movement occurred for the observer. The experimenter per-
mitted the subject to observe the screen for a few minutes
and then began to make gradual adjustments of the rate of
flow, either increasing or decreasing the rate. The observer
vw88 not warned by the experimenter when the variable was to
be manipulated nor was he told whether the manipulation would
result in a more raplid or a slower rate of movement,

Each interval of the scale was fixed~By.20 ascending
and 20 descending Judgments. The mean value served as the

JeD.d, No more than 20 judgments were taken at a sitting.

Regults: It was necessary to make 560 observations to
exhaugt the range of the equipment. A 16 step psychophysical
SCale regulted from the experimentation and this scale is
Plctured in Figure 10. The points plotted describe a cur-
Vilinear function. An appropriate curve was fitted to the

datg by the free-hand method. The distribution of Jjudgments
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around each point 1s shown in Figure 11,

The data shows that the J.n.d's of phenomenal movement
increase with increases in physical movements. The graph
indicates, however, that that phenomenal movement does not

tear a simple linear relationship to physical movement.

Conclusion: The experimental results indlcate that we

have a laboratory means of producing a continuum of phenome-
nel mowvement. This movement continuum has been adequately
scaled by an ordinary psychophysical method. The presence
of this lawful relationship means that phenomenal movement
can be produced, measured, and controlled. This will allow
Phenomenal movement to be used as a quantified variable in

later experiments dealing with phenomenal duration.
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Figure 8, This 1s a schematic representation of the

Rovement condition fram the observer's standpoint,
® observer is aware of vaguely defined shadows and

bits of color which are in continual trensit across

.b;uaurtace. Sometimes the things in transit undergo

Pt changes in color, The movement appears to be

linear and constant,
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Selecting the Experimental Interval of

Phenomenal Change

Experiment 3.

Purpose:

In later experiments we hope to relate phenomenal
change and movement to the experlence of duration. This

wlll be attempted by means of systematic application of the

method of comparison., Use of thls method makes 1t necessary

to choose an experimental standard--in this case a standard
clock length interval to which the variable interval can be

compared. From an experimental point of view, the ideally

convenient interval for use would be: a) an interval where

there would be no biasing of response; b) an interval in
Which there would be complete reliablility of comparison;

¢) an interval sufficlently long to make manipulations of

the €©xperimental variables possible; and 4d) an interval not

8o 10ng as to render the experiment lmpractically time con-

fUing, Our first purpose is to establish the interval of

Nimal blasing.

The "indifference interval" might serve as one defini-
t
on  of minimal blas. This interval is defined as follows:

', ..that length of the variable at which
the percentage of Jjudgments meaning that the
variable seems longer than the standard remains
the same irrespective of the order in_which the

I variable and standard are presented."

H,. Woodrow, "Time Perception," Handbook of Experimental
8.E. Stevens (New York: John Wiley and

gs chology ed. b
Sns, Inc., 1951), p. 1225,
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A fair amount of early ®"short duration" work was devoted
toward discovery of this interval, Bcrfmg2 reviewed the
early experiments of Vierordt, Horning, K8llert, Estel and
Mehner, They reported that identical auditory intervals
ranging from a fraction of a second to several seconds
showed an indifference interval at 0.7 seconds. Separately,
Estel and Mehner in later researches employing a greater
range of clock lengths also found perliodlc auditory indiff-
erence points although there was lack of agreement regarding
the lengths of these periodicities. In contrast, Woodrow>
has recently summarized experimental data in which no audi-
tory indifference interval occurred and experimentation in
vhich an order error opposite to that earlier reported occurs,
M°J~"ecrver, other experimentation summarized by WOodrow5 indi-
cated that the physical characteristics of an interval are
lmportant determinants of the indifference interval.

It thus seems evident that prior experimentation can
ot be relied upon to provlide an experimental interval of
p1"31’1<>merxal change., An empirical answer specific to our phe-

Nlomena] change condition is needed. Experiments 3,4,5,6 and

\
2. E.G. Boring. Sensation and Perception in the History
or Exgerimenta.l Paychology, (New York: D, Appleton-

Ce entury-Crofts Co., 1952;, jo) o 18 577—582.
2- H, Woodrow, "Time Perception,” uR cit., p. 1227.
an . Time order errors in studies of “"time perceptlon" mean
anderfect due to the order of presentation of the standard
oup Comparison intervals. With the procedure to be used in
V&rle periment, the order is said to be "positive" when the
lab) able is reported as shorter and "negative" when the var-
in € 18 reported as longer and the intervals are identical
5°100k length,
* H, voodrow, "Time Perception,® op. cit., p. 1227,
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7 were designed to select a clock interval of minimal bias

for use as the standard interval,

Bubjects: Three subjlects nalve to the purposes of the
experimentation were used. Two of the subjects, one male

and one female, were college students, The other subject

was a female in middle age.

Apparatus: The apparatus was set up for the change con-
ditlon, as described in experiment 1. The only modification

nade conslisted of the removal of the doorbell., The Burgess

sprayer motor was used alone as a masking sound.

Method: The method of comparison was employed and the
standard interval always occurred first. Three category
comparigons were allowed. The experimenter attempted to
allow 7 geconds between the comparison and standard inter-
vala and to allow 15 seconds between the experimental pairs.

The standard and comparison intervals within each ex-
Périmental palr were identical in all respects. The experi-
Mental pairs themselves varied with respect to clock length
and rate of phenomenal change, however. With respect to
cloo.k d ength, there were 6 pairs at 5, 10, 15, 20, 25, 30,
0, 45, ‘60, 90, 120, 135, 180, 270, 390 and 600 seconds.
¥ith T® gpect to rate of phenomenal change, eight presenta-
Hons, eg¢n differing from the other in clock length, were
1ade at ype phenomenal change rates (See Figure 6) of 1, 2,
Y5, S, 7, 8, 10, 11, 12, 14, 15 and 16.
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Table 1 18 a schematic representation of the method

followed.

Procedure: The observer was seated in the viewing
posiltion. The following instructions were given:

"We will start with the screen darkened.
You are to watch the soreen as it will become
lighted. The screen when lighted will appear
to change kaleldoscopically. You are to attend
to the duration of this kaleidoscopic change.
When the soreen becomes dark again, this will
be. the signal that the standard interval has
been concluded. When the screen becomes ligh-
ted again, this will be the signal that the
gsecond or comparison interval has begun. You
will attend to this kaleldoscopic change Jjust
ag you did in the first case, When the screen
becomes dark again, this will be the signal
that the second or comparison interval has Just
ended. At this point, you are to compare the
second interval with the first and tell me
whether the second was experienced by you as
being "longer®, "shorter", or "equal® to the
first, Remember, I want you to Jjudge the sec-
ond relative to the first; 1if you make any
othgr kind of comparlson, do not fall to tell
me.

After the formal directions were glven, the task was discussed
1nfoxﬁn¢111y with the subject and any questlions posed were an-
Swered., The experimenter emphasized to the subjeot informally
that the task of comparison was probably going to be difficult
from the subject's point of view. The subject was warned ag-
8inst using any secondary oriterion, such as counting, listen-
ing to hig pulse or looking at his watch. The subjects were
also d-"-Bcou;raged from using the equal category to express "un-

certaintyu, It was strongly emphasized that a response of

L}
€qual« 1s Jjust as much a comparison ae responses of “longer"

an n
a S8horter*, No subject served longer than 50 minutes with-

out a bx‘eak.
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Table 1

A SCHEMATIC REPRESENTATION OF THE METHOD FOLLOWED IN
EXPERIMENT 3

Rate Stan-
of dard 1 2
phen. Compar-

2

chnge _lison
length Stand.

-

4 5 6 7 8 1011 12 14 15 16 total
casges

4 5 6 7 8 1011 12 14 15 16

of

inter-

vals
in
s@C~—~

onds

Comp,
cases
Stand.
Comp.
cases
Stand.,
Comp .
cases
Stand,
Comp.
cages
Stand.
Comp.
casges
Stand.
Comp.
cases
Stand.40
Comp. 40
cases 3
Stand.
Comp.,
cases.
Stand,
Comp,
cases

B Eanao
Comp.
cases,

8 tand.

l

45
b5
3

w33

30

W\ LJ
W

30

125
125

31 0 130 ?
lgO 130
3 3

180 180
180 180
> 273
240

3

270
270
3

(continued on the following page)
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Table 1 (continued)

rate Stan-

of dard 1 2 4 5 6 7 8 1011 12 14 15 16 total
phen. Compar- cases
chnage ison 1 2 4 5 6 7 8 10 11 12 14 15 16

S8tand. 390 390

Comp. 390 390

cases. 3 _ 3 6

Stand. 600 600

Comp. 600 600

cases. 3 3 6

96/

Total Cagses 9 9 6 6 6 9 6 9 6 6 6 9 9 /96
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Results: In Figure 12, the average response at each

time level 1s deplcted. The responses were averaged by assign-

ing each "equal" response a weight of two hundred, each "shor-
ter"” response a welght of one hundred and each “longer" res-
ponse a weight of three hundred, The function does not show
a slngle indifference point although a trend toward "longer"
comparisgons as the interval increases in length is evident.
In Figure 13, the judgments are plotted separately. It can
be seen from Figure 13 that, no matter what range of clock
lengths were used, the comparison intervals were consistently
experienced as being longer than the standard. Somewhere be-
tween 60 and 135 seconds this tendency becomes very marked,
the ®J onger® comparisons outwelghing the other categories
twlce over., It can also be observed that the “equal® and
'Bhorter" comparisons decrease while the “longer" comparisons
increage as a function of clock length.

Two subjects reported that they were unable to use the
Tirst interval as the standard. They reported that the sec-
°nd by reason of its "freshness" always asserted itself so as
to render the prior duration a comparison duration., The pro-

Ceédure wasg modifled to accomodate theilr habit.

C_Onclusiong: No single indifference point such as Vier-

OTdt found when he used lntervals ranging from 0.3 to 1.4

8€conde occurred when clock lengths varying from 5 to 600 sec-

Ond g were used., Neither does there seem to be a single place
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on the continuum where errors change trom positive to nega-
tivee. The findings indlcate that as the experimental inter-
vals become longer in clock time (plus 120 seconds) the com-
parison interval was with increasing frequency experilenced as
being longer than the standard. The results thus indicate
that clock lengths of plus 180 seconds are to be avoided in

reseaxrch relating rates of phenomenal change to phenomenal

duration,
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Experiment 4.

Experiment 4 1s an extension of experiment 3. It is a
furthexr attempt to select a clock length for use as the stan-
dard in terval in later experimentation involving the exper-

lenced endurance of phenomenal change.

Subjects: Nine college students were used as subjects.
Seven were male and two female. All were naive respecting

the purpoges of experimentation,

Apparatus: The apparatus 1s identlical to that described

for experiment 3.

Method: The method of comparison was employed with the
standardg interval always being presented first. Three cat-
€8Ory comparisons were allowed. The experimenter allowed 7
Seconda between the standard and comparison intervale and 15
8éconds between pairs.

The gtandard and comparison intervals within each pair
Presenteq ywere identical with respect to clock length. The
Palrsg themgelves differed from the standard to the compari-
80n lntexrwal, Thus, the experimental pairs varied in clock
length fropm 10 to 600 seconds. The standard and comparison
lntervalg yere 10, 15, 30, 60, 180, 390 or 600 seconds in
°lock 1ength with 18 comparisons being made at each interval.
Mth T®8pect to the phenomenal change differences, the phe-

ho
Slnay Change rate of the standard (See Figure 6) was 2 and
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the comparison 12, the standard 7 and the comparison 12, the
standard 2 and the comparison 7, the standard 12 and the com-
parison 2, the standard 12 and the comparison 7, and the stan-
dard 7 and the comparlison 2 for 21 palrs each. In making the
manipulations of phenomenal change Just described, 63 exper-
imental pairs occurred in which a more rapid phenomenal change
occurred in the comparlson than occurred in the standard, and
63 cases in which the opposite was true. Also, this method
produced 42 palrs which were altered 12 points and 84 pairs
which were altered 6 points up or down from the standard to
the comparison interval, A total of 126 comparisons were made
in a11, Table 2 provides a schematic representation of the

nethodA followed.

Procedure: The procedure was identical to that followed

in experiment 3.

Regultg: Figure 18 is a plot of the comparisons made
vhen the rate of the comparison interval was lowered from stan-
dard to comparison, Figure 19 contains the data for the ralsed
rate. A311 the comparisons made in experiment 4 plus the com-
Parison g or experiment 3 made using the experimental inter-

Vels o 4 are plotted in Figure 14,
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Table 2
A SCHEMATIC REPRESENTATION OF THE METHOD FOLLOWED IN
EXPERIMENT . 4
Length
of 1in-— Standard 10 15 30 60 180 390 600 total

tervals Comparison 10 15 30 60 180 390 600 cases
in secs,

Rate of Stand.
phenome- Comp.,
nal cases,
chenge

Stand,
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cases,
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cases,
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Several things are evident from these three filgures.
First, 1t 1s impossible to assign an "indifference point*
in the sense the term was originally employed. Second,
the interval of least blas seems to lie around the 60 sec-
ond clock length., Third, the general decline of both fun-
ctions on each graph indicates that the frequency of equal
comparisons decreases as the experimental interval increases
in clock length. Fourth, the longer comparisons increase
relative to the shorter comparisons as the interval clock
length increases. Fifth, the longer and shorter functions
cross somevhere between the 30 and 180 second intervals and
biasilng becomes distinctly in the direction of a comparison

of longer,

Conclusions: It will not be possible to use the "in-
difference interval® as the standard interval in the later
phenomenal duration experimente. No such interval has been
found, The intervals functioning most like the “indiffer-
€énce interval" occurred within the 60 to 180 second range,
l.e. within this range the time order errore changed from
Posltive to negative. Apparently 1t will be necessary to
8elect a gtandard interval from within this range. The in-
terval selected should be that interval showing minimal biae.
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Expex-iments 5, 6 and 7.

Purposge: Lkxperiments 3 and 4 have indicated that all
intexvals which are sufficliently long to make manipulations
of experimental varlables possible have constant errors.
These experiments also indicate, however, that the blasing

due T o purely procedural characteristice will be minimal
around an interval of 60 seconds. Bearing this finding in
mind, experiments 5, 6 and 7 were designed to select a de-
finl te experimental interval of phenomenal change for use

in the study of duration. Specifically, these three exper-

iment s aim to determine which of three possible experimen-~

tal intervals, 30, 90 or 180 seconds, will yield the great-
est reliability of comparison.

Subjects: In experiment 5, 12 sublects were used; 3

were female and 9 male. In experiment 6, 12 subjects were

used, 3 remale and 9 male. In experiment 7, 4 subjects

Weére used, 2 female and 2 male,

-ADparatus: The apparatus was unchanged from that pre-
Viously gegeribed for experiment 3.

Method: The method of comparison was employed with
the 8tandard interval always occurring first. Three cate-

89TY comparisons were allowed. The experimenter attempted

to allgy 7 seconds between the standard and comparison
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intervals and 15 seconds between experimental pairs,

The standard and comparison intervals of each palr
presented in experiments 5, 6 and 7 were 1dentical as
regards phenomenal change. The standard and comparison
intexvals differed from one another as regards their
clock lengths, however. In experiment 5, a 30 second
inte rwval was made O, 5, 8, 11, 14, 17, 20, 23, 26 or 29
percent longer or shorter than the standard interval.

In the experiment, a total of 250 observations were made
withh an equal number of comparisons occurring at every
intexval excepting the 26 and 29 percent levels. At the
26 anda 29 percent levels, 1t was not necessary to take

48 many observations since there was almost no variability
0f comparison. Experiment 6 was identical to experiment
5 éxXcept that a standard interval of 90 seconds was emp-
loyea

In experiment 7, a 130 second interval was used as
8 standard while the comparigon intervals were o, 5, 8,
11, 144 17, 20 or 23 percent longer or shorter than the
StanAQarg interval. A total of 96 observations were taken
at the 180 second interval with equal observations occurring
Tor € a&ach experimental palr presented., The palrs were ran-
doml - presented in each experiment.

Tables 3, 4, and 5 represent a schematlc representa-

ti
on Qf the method followed,
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Table _3

FOLLOWED IN

Rate of Standard 2 7 12

Phenomenal Total

Change Comparison 2 7 12 ocases

Length of Standard 30 30 30

Intervale Comparison F29%* #29% $29%

in Seconds cases 3 L 3 10
Standard 30 30 30
Comparison #26% #26% £26%
casesg 3 4 3 10
Standard 30 30 30
Comparison #£23% £23% £23%
casges 5 4 5 14
Standard 30 30 30
Comparilson #20% £20% #20%
casges 5 4 5 14
Standard 30 30 30
Comparison £17% £17% £17%
cases 5 5 5 14
Standard 30 30 30
Comparison £14% £A14% £1l4%
cases 5 4 5 14
Standard 30 30 30
Comparison £11% £11% £11%
cages 5 4 5 14
Standard 30 30 30
Comparison £ 8% £8% £8%
casges 5 & 5 14
Standard 30 30 30
Comparison #5% #5% #5%
cases 5 4 5 14
Standard 30 30 30
Comparison 0% o% 0%
cases 5 4 5 14
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Table 3 (Continued)

Rate of Standard 2 7 12

phenomenal Total

change Comparison 2 7 12 cases

Length of Standard 30 30 30

intervals Comparison -5% -5k -5%

in seconds cases _ 5 4 5 14
Standard 30 30 30
Comparison -85 -8% -8%
cases 5 4 5 14
Stancdard 30 30 30
Comparison -11% -11% -11%
caseg 5 b 5 14
Standard 30 30 30
Comparison -14% -14% -14%
cases 5 4 5 14
Standard 30 30 30
Comparison -17% -17% -17%
cases 5 4 5 14
Standard 30 30 30
Comparison -20% -20% -20%
cases 5 L 5 14
Standard 30 30 30
Comparison -23% -23% ~23%
cases 5 4 5 14
Standard 30 30 30
Comparison -26% -26% ~26%
cases 3 4 4 10
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