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THE DYNAMICS OF SPIRAL MOVEMENT TN MAN.

Introduﬁtion'

The science of Psychology aims to predict and control
human behavior. In order to achieve these puryosaé,
psychologists have approached the study of behavior in |
deviOué’ways. Some have considered human activity'théy'k
functioning of a machine, and attempted to ﬁnﬁerstand»iﬁ by
invesbigating'1ts‘isolate&'parts¢r Others have attamﬁtéd‘
to iﬂentify faculties which aggaareﬁ:tu control behavldr.
Still otﬁers have regarded behaviornas a series of reflex
acts and as tha\unfnlﬁiﬁg»af inherited patterns of re-
sponse. These diverse apyrﬂachés to the study of "human
nature" have yielded such concepts as association, mental
chemiStry,~attenticn, the.act; the self, the aanditioneé
reflex and many others. In spite of these numerous
attempts, the goal of‘graéictiOn has not been schieved.
Some maintain that we must refine our techniques. Others
are bold enough to assert thﬁt ouwr presuppositions are in=-

correct and that our methods, as .a result, are sterile.

To the latter group & new snd apparently more
fruitful methodology haé beeﬁ opened up by modern diég
coveries in the field of helativiétic dyhamics (11). Just
aé the conception of the universe aé an organic sysiem :
simplifies many of the problems of the astronomer and

physicist, so to the psychologist, ﬁheyconcepbion of
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‘behavior s the dynamie resultant of field forces of fors

8 ‘néiv ‘and fruitful method oi' 'approximating the aims of
prediction and control of that behavior. (30,31,17) The
assumptions of this appréach are: (1) natural phenomeha are
,'SZ’ st‘ans 5 orgdﬁizaé’ in space'énd timef; an assumption cané eded
by relativistic physies (21, 20). (2) Organization implies
‘chat tba ‘sy"stem ié’inﬁegﬁrate}é taward Aamne future or "goal'.
(14, 39, 31) (3) The presenea of future ends within tha
system demmﬁé ﬁia:t there will be activlty, which will oc-
cur in the shortest (or longest} possible route toward
that*énd; aé the system attempts to galn equi 1ibrium; |

(4) All activity within the system will be controlled by
théj.'é‘ﬁstam s & whole, so t?rm't: ir the‘fomes within the
system are considered as vectors, the resulting activity
will be a resultant of those.kforeas (J,'Z:',‘SO)., (5) Si_ncé’
‘the whole 1s brganizeé 1t must have unifarm, complemergtary
laws. Thus the laws which aﬁply to the activity of on_e.
part,Awill ‘app}.y to the actlvity of any part. These are

laws of dynemics given an cr-gganismie 1nterpretaﬁon. ‘(SO)

: Applying thase imp}.icatians to the study of behavior
1t bacomes abvious that insafar as we are a‘bla to mea sure
the fsrces (vectorial) determining behavior, we will
achiave owr gcal of prediction, and insofar as we csn
oontrol thoae forces, we will be able to control bhavicm.
Herein liea the purpose of‘ the present study. The prin-

c.;‘_.plas which are discovéredfﬁnﬁer ‘tha present conditions
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will be transposable, theoretically, to behavior in general,
or-tb'anyvyarticular exampls of behavior in‘Which‘we‘are'

interested.
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,Puz*__pcse of thevgf_)}geriment.

: ’{me_ aim of the expsriments herein reported is
further insight into the dynsmies of gross human be-
hai*iﬁz{, obtained from a functional analysis of walking.

1:;a1ks.ng mis éeiacteﬁ aal the inean‘é of achie‘ving this’
purpose because: , | | | .
1. It is one activity in which ‘the an'cire organ'}.m is
cbvioualy invclve&‘ Aceording to our assumptions, “l:he’
entire organism is involv&d in every aet, sinee the
activity of any paz:*t of a systan affects the entire
Wstemr gzl}e |

iy

2. The condi tions of walking can be easily conbrolléd-.

5..‘_‘,7 ‘i‘he_ form bf’tha ac.ti.vityy(thg'ggbject‘s course‘) can
be"jbﬁgéctiﬁéiy"ebserveqarﬁ studled. Ac’;cér&ing to our
gwmﬁgtions ali bei;iavié‘r is patterned in sccordance with
dynakxiu pr'inciplés. {Law. of’ least action, closure, sym=
met;ry, etc.) In bhis experiment we are standing oub=
side of the reaponding organiem and are observing the
pattern of its behavior under different conditions of

field a true ture .
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~History

A history of the problem falls naturally 3.n1.o two
divisions,‘ studles of walking and studles in dynamics.

All of the studies on wa lking have a ‘common conelusion.
If people walk, deprived.of the ordinary means of orien~
tation, they follow a spirsal paths It is a ‘eommon knawledge
that a man lost in the woods, or in the dark or fog will
walk in cirolas unbil he regains his orientaticn. Similar
behavior has been observad in protozon (25), birds; mibe
(8}, rahbita, kangarcos,(zﬁ} end in numerous intermediary
farmsq One af the aarliest studies of this phanomenon
wgsvmade,py Fe Os Guldbergli;olv;n Germany in ;897‘ He
made his subjects walk ihrougn'tné woods, swim, and steer
a boat 1n'the derk. Under all of these conditions circular
pa ths were ﬂollowedo He believed that the circularity
resulued from structural asymmetry in the subjects, plus
an instinect for’circular'movementﬁ Ee concluded that cir-

cular movement was the basic movement of animal 1ifeg

In 1901, H. Se. Jennings (13) remarked that 19‘89159
of the numardus,reperts 6? apifal'muvewent iniurganisms, no
adequata theory hed bean‘advaﬂée&‘éo explain ﬁhe pheﬁomenon.
The tﬁeory which he advanced attributes the spirsl path of
organisms to struatural asymmetries'plus an attempt to
compensate for them. For example, a paramecium is not

bilateral ly aymmetrical.' If it simply swam forward, these
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agymmetries would éause iv 7&:9“}'319\‘7‘3 in covnstar’xt” circles.
To go beyond this revstrirct‘ed movement, the paramecium
revolves ﬁn its 1eng’axiawas‘it swims, with the resultf k'
that its r'engé of movement 1s greatly increased since
the. ,c:iraling: on the body axis compensaf;es for lts struc-
tnré,i ‘irr’egularities. ﬁ:‘hs minciple is the*same as that
followed by a rifle btullet. ’Jenni’ﬁgs vbelieées that the .
relationship betwaan the length of the Qrganiam and the
fx*equency of its apiral bears out this hypothesis.

The most complete and sygtematic inveatlgaﬁ.on of
spir&i movement in organisms was contributed by A. A.
‘Scheeffer (23, 24, 25, 26) who studled the phenomenon for
'0var’» six years in numerous animal forms from the ameba to
msin. _His conclusion was that “‘no forward moving organism
h,as yet ‘been fotmd that doas not move in some form of o
| spiral path when there are no arienting senses to guida
‘it.“ In his experiments on man, Schaei‘fer studied the
paths of subjects who walked straightaway blindfolded,
d‘x*dv‘é‘ an automobile blindfolded, walked around imagined’ _
cii’cies-, swam straightaway blindfolded, and walked around
figure eights and s'quaxﬂ‘asab ~He also me.de‘ comparative
studies on mental defectives égé.‘normal sw jects under
the influence of a drug. Spiral paths z*esulteé‘under all
‘of these conditions. He next attempted to determine the
machfanism which caused spiral:tng. Schaeffer rejected the

thcaories basged on physic a8l asymnetries because such & sym-



metrié:s ar'é permanent while the size of the spiral and its
dire}cﬁicn"vary in the same individual.f moreover, asymnetry
wculd not aocount ibr the s,t_)i!'al course in which 2 blind-
fnlciac‘i mb3eet drivas a car. Another important consideration
'18 tm& subjects who walkad altarnat;elv baekward and for'--'
wara traced & syiral vmich was similar to those traced when

thay walked continually forward.

o .Schaeffer alao rejects an explanation of spiraling on

‘ the basis of any localized structure such as the semicir-
culaz' canals, baaause the spiraling is pre sent ﬁ.n organ-

isms in v;hich no such structure exists. "There 1s already
encugh evidencg on hand to maka it highly probable that

the same mechanism is at v:crk in man bhat operates in the
grz‘xe;?‘)a.. And those anatumical structwres of brain and

z;msble »anﬁ sense organ which are peculiarkt;o mammals oxf
vertebrates cannot offhand be assumed to control a mechanism
which func ticns perfectly in animals lacking the se structurea.”
Schaeffer's conclnsion is that "the g&th of man is the
'prajeetion of & helicel apiral on & plane surfaca. Anﬁ,
"t}w mndamental path fellowed by moving organisms is there-
fore a spiml, and it is only through the agency of orien-
ting serxs es that organisms are »able to change their direction'
of' mév‘ément. The great diversity of form observed in or=
ganisms that move in spiral paths indicates that the auto~
matic mechanism regula ting the direction of; the path is

not deépendent upon or connected with morphological structures,
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but is much more fundamental in 1ts nature affecting the

protoplasm directly."

o Thev conclusion which we will Graw from these studies
1s that spirel mcvw&enk is & univrarsal basic form of snimal
mwemsnt, Wbich can not be considered caused by any local
structure or form. We believe tat Schaeffer's experimenhs
justif‘y this conclusion since spiral courses were followed
by animal forms in which organs of equilibrium were lacking.
| Pioz*eovex* spiral movement can not be attributed Lo bodily
asymmetry sim:a 1t appeared in those cases in waich blind-
i’olﬁed»mﬁzzjects instructed a driver where to steer an auto-

mobi 18«

 Up to the present time, however, no satisfactory hy-
po‘::he qis that might account far this universal phenomenon
has ‘been m-ogoae&‘ Since spiral movement is so univarsal
it woulﬂ seem ‘that 1t must also be & fundamantal mod e of
e}gt@vity, an understanding of vhich should add greatly
to our m's'tery of psychologlcal problems in general, es~
peeialiy all of those vhere motility is involved. .' Indeed,
thé thesie_z is he;‘e s‘uggeste&; that, ss a géneral pr'é'blem
in n;sﬁhpdelagy} 1t would be fruitful to essume all motility
‘td'bg mpdif‘igatior_xs of some stic form of response. This

basic form w_éuld seem to be spiral movement.

- Our second historical approa.ch is concerned with the

dynamics of movement, and the determination of form. The



latter problem was considered by Theodore A. Cook in his

bfapkﬁ entltled The Curves of Iife. His thesls was, tm‘t, ;
form is a diégré{x of the fwcas which mve worked‘to pros
duce an organiams fie was yarti.éularly interested in
organisms wmse growth taok the form of a logarithmic
spiral. He stndied spiraling plants, protozos, metazoa,
snails and ether sl'xell ‘bearing !mimals, and the horns of -
vertebrates. men he proceeﬂaé to examples of spirals

in arcﬁitecturé“ah& aft; Regarding the mathsmatics of the
spiral he sasra {yage 6} ,‘ ”Is tha logarit}nnie spiral the
manifestation of the law whi.eh is at work In the increase

of erganic bodies? i aa, 11; may be si gaificant that Newton
shmve& in his ?rincipia s "that -:.f attrac.tiun had genarally
var:led sié 'the inﬁerse cube ina-iea& of as ‘the inﬁ-erse square
of thﬁ distance, the heavenly bodies wculd not have re-~ ’
volved in ellipses bni; wou]d have rushed off into apace

in 1ognrit.bm§.c spiralsi Frofessor Goodsi.r ther*efore asked,‘
ir Lhe law ai‘ the square is the law 01‘ at’craction, 19 the
law of the cuba {that is, of the cell} the law of production?"

Three years after the appearance of Cook's book, another,
dealing with the same subject was written hyrmkrcy Thompson
(2'?‘). This lattez'» boek, whil-e: also intereéted in the axamples
of sz)iral form, treata& in graater detail the geodesics,
mechanics and matmna’cics of fczr*m. Thcmps.ez; proves that the
form of orga’x{:.isms,is nece»ssarily what 1t ié‘; In othezﬁéards,,’

form is not arbitrerily, but dynemically determined. The



airection of growth of a plant, the formation of honeyoomd
cells, coll dtvision am partitioning, the formation of :
' mggci;es and bones and 'eve‘z;“i‘;he léngt:h of stride in wa}.king,
are all g?ﬁenomexiﬁ; ccci#*fii}g in accbé&éncé Awith the prinéiple‘s

of dynsmics and gécde~sicé.=

The immediate historical approach to this sbudy lies
11‘1‘ recent developments in Gestalt psychéxoww Since the
publ ication of KBhler tg "Physischen Gestalten" in '-1920“,3115
Koffka's "Grundiagen der Psychischen Entwicklung" in 1925
1%t has become in{creas{ingly» apparent that the laws of bo-
ha{r:lor are the laws of dynamics, given a Ggsbtalt or
organismle. intarpretaltinn. 4 Whee le(x",, in ’?ATha L@ws of Human
I{at};ﬁg" _grapagsgaightﬂjkh&nspasah},q” pr*i{mipies, dafi‘ned' a#,
3‘?‘?‘5, of dynamics, and in "The i’rinnfipies cé? fﬁent&i Devel=-
opmez‘xt““, %’heeler and _Parkins ‘make :"tflsé of i‘if%:een dynamic
laws. Recently Lewin end Brown (4, 16, 17) have attempted
definite applicatiéns of similar laws in more precia"e‘ form,
to problemg fln emotisnallana scciai ‘behavior. This‘ stﬁdy
may:bé 'cons 1déred a’dipgct.‘teét and koutgxy:*ewth of ,sugga.stionfs

from these latter workse.
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A funcﬁiona'l analysis of walking was made by varying
all conditions, 'bof;h: obj estivé and siﬁjéeﬁive, which 'éiez*‘é‘
considered significant in determining the subject!s path

of motione.
The variations which were studied were:

1. &Abjéct*s degree of general orientation.

The majority of the subjects wers allowed to walk to
the field where the experiment was conducted. l*}fﬁ'vsmdy |
the effect of ganergl’or%e-ntai‘:ion, fifva*su‘b.jeebs were
blindfolded and driven to the field in a c‘ar'tb'y- such &
devious route that none yéf them knew where .he was 8t any il

time during the experimental perlods

2. General environmental ¢ oniii tions.

The experiment was conducted both with and without
the pre sence of persons‘ r‘in-the environment, other than thé ’
subject and experimenter; both with and witzhaut wind or aun,
with sounds excluded as far as possible and with saunds

pregsente

S5+« Body position.
At various times the subjects were instructed to walk
in a normal position, tipped to the side, leaning ferward

or leaning baclkward.
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4, Position of hands.
The influence of the position of the hands was studled
under four conditions: (&) used as in normal walking,

'(‘b} on hips, {c)} hung limp at sides, and (4) in pockets.

5. Ears.

The influence of audition was checked by testing
subjects. without dampening methods; foi:her subject's who were
pro vented fr,;‘,n; ﬁeéﬁiﬁé‘ and st111 others ‘who wore & watch
over one e;m"_.v,? The watch ?;a‘s worn to control the subject's

rate of walking..

6. Conditions of walking.

8. Constant, nurmal, wa’lking.

De Step and roest type of _mag'ex;gnt-‘

»‘gg Walking under tension or rﬁnder ra}.axgtlon@

d. Walking at ;’iifferant ratgs-of spgéqu The three
spgeds employed were:s | | | | |
1 step every 2 seaqmﬁts " { 8 ticx‘s Qf watéh) :
lrrstep every 1 seconﬁ { 4 ticks“’ of ‘wa’cch}

1 step every § second { 2 ticks of watch) -

7« Definlteness of goaul. B
a. Subject told to walk in a straight line. (Blindfolded)
b. Subject allowed to ';ocate some object and timn;
~ blindfolded, told to walk to the object.
c. Subject attempts to walk in a straight line towerd
~ @ constant s’muﬁd. |

d. ‘Sub ject hears a single sound and then attempts to



wallk to the spot from vhich the sound cames

e« Subject told to walk to & point which he 'sees?
only in visual Imagery. -

f. Subject walks, blindfolded, along a straight line
after seeing the pli..;ae‘ ‘ o

g'. Subject told to walt, in the easiest way, entirely
pag:‘.si?é_ to directim# ,_'Z’!_:nprder to ‘insure thig v

&@syq'ggra for direciﬁ:;;oz},*seme, snbjééts were told |

to count thei’r steps, 61:‘213!-‘3 were told to concen~-
trata on their rate of wa}.ki.ng, chars t;o i;hink
only of maintaining *?:.ansion or relazation, and

st1ll others were asked to day-dream.

The actual expermentsi&an can be divided into five
partg‘ In the i‘irst part, twelve siubjects walked under

all of these conditions. From their results those factors
were determined vhich wmede observable differences in the

paths traced.

In the secdrid ps.r‘c;,‘ thirty-nine subjocts were tested

under those ecnditions which Part I had shown to be impor-
tant. The ferm of the subjects‘ paths undez? the d1fferem;

conditlions was given particular note in ,, thi}s experimans;

A sémp’le experiment included walking

l. For 10 minutes relaxed, indifferent to direction, at the
rate of 1 step every 8 ticks of the watch (2 seconds);

2, Fér 5 minutes, under tension, indifferent to direction

at'the same rate. -(Tp produce tension, the subject was
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asked to make a spaeeh_or,elgé to’aimﬁlylboneentreteféh'
tenslng his muscles and:étiffenipg1ﬁi$géadja}

Se EGP 5 minutgsrrel&xed, passiva to diréction,fat the rate
of 1 step every 4 tigks of the wateh (1 sebanﬂ}i’

4.M'Fdr 5 minaﬁes; passive to directlon, tense, at the same
rate - (1 step per second) ¢ . |

S5e Por S minutes, passive tc direatien, ralaxed, at the rate
of 1 step every 2 bticks {g'segand};’ N

6. For 5 minutes, pasaive'§é ﬁirectibn,‘ténsa;~at thé rabe

_  0; 1 step every 2 ﬁicks; _

7e Three'widths of the field (50 yards each) tnying ta
walk in a straight line.

8, To an cenatant-Whisbla. (This was dcna1Wice)¢

9. 1ong a chalk’ 11ne. {eithﬂr seen or imaged.}

10, To a point either seen prevlous "to the attempt, or imaged.

This required slightly over an howr. Feriods of time

are only apprbximataw An exactfnecord was not obtained.

é further word 1s necessary regarding the experlmeﬁtal
ﬁechniqua in Part II. The subject andvexperimante?'walke&
to the field on Which‘thq experiment was conducted, & foot~
ball stadium, mgrkeﬁ.6ffiin'the‘atanﬂard menner. In thbf'
center of the field, (ﬁiﬁdle of-éb yard‘line) the subjectj
was blinﬂfolﬁaa and a ﬁevice, which.servad ths double
purpose of supparting a watch.and deadening enviyonmental
noises, was attached to his earss ~ He was then given |

1nstructions and proceeded to carry them out. The exper-
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imenter followed hi'n, a few feet in the rear, and charted
the ‘course on a ‘sheet cf paper rnlaﬂ in the same manner 1n
which the stadim wa‘s ,liifned.k II’ the subje;zt:,c’ame m i:he
edge of the fisld, hawas fedirectaé and “;)&xy*m‘i.tﬁed to

con timze on his vay.

In t'he 'third part of the eﬁnpe-rimen-t," three subjects

warse studied under the same conditions as those used 'in
Part II, but an Improved snd more ccmplete technique was
emplcyad vhich’ yielded addi tional c‘iata,s In the ﬁrst place,
a Iarger rfivald wes used. This eliminated ‘the necessity ai‘

reat&rting and redirecting tas sub?ea yery Lew minutesf., _
R‘acarc’is were_taken ‘gf galkiaglduring lofz;ger periods of time.
A 1arge;¢ar§é¢arafboi‘Qgslegnneftea into a hood, which ex-
g‘,-_lufi‘eda‘.vll cues f‘ron; light and heat from the sun's raye.;.“‘: '
and reduéad other cues such as sound v'aynd breqza." The box
covered as much of bthe subject's body as was possible ;ﬂzithaut
interfex'ing with hig locsmci‘.i.on. ' A watch was attached o
the insida-center-front of the box, at the level of the sub-

jectts forechead,

The length of time during vhich the subject wal;ced
wag recorded by a sf:op-wat;ch. Thg sub jectts path was st;aked
every 10 steps with a long nail to which a numbered meiling
tag was attached. At the completion of the experiment, the
’diﬁtanc’ebgtween these tagsv was measured. A record was
takexi of tﬁe su‘ojeét‘ 8 rcute; of walkiﬁg; the dis tance‘

traversed in each tem steps, the total distance and the
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“total time involved.

The fourth and fifth parts of the experiment were
attempts to clar*ify and expami cart&in reaults af the ;re-

ceding experiments,

Exnerimen‘e mur was an abttempt to angwer the quasi:ion,

hat aemvx.ty may be expected from & subject to whom no
posii:,ive instructions hai.’fte been given?" Five nalve subjec’ta
were tuken one at a time, blindfolded and instructed mot o
remove the blindfold . No other ix_:x%ru#tions were given. For
8 period of five minutes, Lheir behavior was obsarved,'and at
the ez:d af that time they were acked to write an introapection
over cheir thcughts and bahavier during that time‘

~ Bxperiment five was undertalen in order to discover
why »a&hlin;‘}ifplﬁg'gl '_m‘p‘jegt’, under instructlons to wallk in’ a
strai ght li.nei,’- to a constant sound, traced a sipgmoid spiral
course whose waves decreased izi'sizg _aé the ‘sound was
appz*~ba§1ma;’ The goal seitscted was a bell which sounded
continually. The blindfolded subject started from & paigﬂ;
50 feot avay amd atbempbed o walk in a stralght line boward

the sourge of the sounde.

A further s.tiuay’of this pkzgnomenun was conducted by
marking off, in six foot lengthe, a st;raight'sc foot 1ine,
at one end ef which was the belle At each six foot mark,
the blindi‘oided subject attempt@d to point a yard stick, |

mounted on a surveyor's transit, in the place ususlly oc~
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cupled by a telescope, toward the source of the sound. Hia

angular error was recorded in degrees.
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Results

The results of Part I and ngtfii;will;beztrsate& to=
gether silnce they were obtéinedﬁby the same gX?avimental

technique.

The subjectts general orientation ma@é nc,observablé»}
ﬁiffevaﬁee}iﬁ thefga%h.which‘ha traced. Subjects who wsréf
blindfolded and telen to the field in a car exhibited
similar behavior when at a later data they were tested ,
afer walking ncrmally to the fleld. Apparently the logs:
of visionvané hearing d;sQrzents a normal subject to a véry x
great extent. It was als§ nobed that in most 0&838¥.3ubf;w
jscts'who.hgdv?glkgavto the fielﬁ,ware unabie to.pbint
to thﬁvnorth‘gaprectly,‘after‘a few minutes of blindfold
walkinge Absolutsvdiraction and absolute apienﬁation do

not exist under the experimental conditions.

General environmental gqnditions affect different
sub jects to different exbents, and have different effects
on the same subject when he is walking unﬁer‘differenﬁ |
instructions. When;fhe ;nsﬁructignsvwe:av”walk ina
straight ;1na?;'the’sun and wind gave considerable assist-
ance to some éf the subjeocts« When the instructlions were
"make yourself indifferent to direckion, just walk in the
aasiest way" thslsun'secme& to have no effects In fact
subgect WQ‘R«, vho frequently introspected as he walked,
saveral times madd rsmarks such as "Here comes that d&rnad

sun around again" whieh indicated that ‘the warmth of the
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aﬁn«gave him sqne_ox‘?ientationi. His coursze, Vhowyevar,'wﬁs‘ | '
a_lmc'ist ldentical on clnudykdays‘ éné sunny days. The efféc‘t
of the sun may be summarized as Vngi'ving some orientation and
therefore helping a subject to walk in a straight '11:16;

3f thet is his ‘purpose. On the other h&nd,’if he is passive
regarding his direction; the ‘mfluenee of the sun is very
slight in determining his pathy No subject was able to
walk in a straight line, by meeans of the orlentation he

gained from the sunts rays,

The wind 1s somewhat more impértam; then the sun in
determining & subject's direction. A stfong wind makes a‘ '
subjegt walk in a path which regsembles a row pf o s_wri&tejn
in lonpghand. The longer axis of =ovement in such'rysﬁé‘ses: iar
in the direction in which the wind blows. A mind -"breezé :
has less effect, and assists orientation but little. A
naive subject ia‘apt to report that the bree‘ze is shifting}
in its direction, rather than to realize that he is walking
in smmls. (See Appendix for introspections.) A subject
who is walking under ténsi(m‘ and indifferent to direction
is frequently upset emotionally by the wind., It throws
him off his course and makes it difficult for him to main-
tain his balance. He is more apt to resist the force of

the wind than the individaal who is walkling relaxed.

Two young women acted as subjects in the presence of
& number of men who were "working out" for track. While

the men. were at one end of the field, the women were highly
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aware of them. Even when the :'bubjectswer*e passive to
direetion and welking "in the easiest way" their paths
deviated away from the pogiticn of ,the men. (See Plate I,
c Iw) 'l'hasa were the only instances in which the preseme
of‘ persona in the field produced & noticeable change 111 tha
- form of the path..

The effect of the subject's body position vill be
treated fully in Part IIT and therefore will not be discussed
here. It was discovered that the body position did affect
the form of the path traced by the subject.

‘The position of the hands, whether hanglng at the sides
limply ’_ used as in ndrma::, walking, ylag:ed on__the hips 'Qr
3.111:119 pockets, made nc observable difference in the sufo-é

jects' mths.

Our results on the effect of sound are at varience
with s;:}aaeffer‘ s, but this is explainable on the basis of
the conditions under which the experiment was performed;
The Stﬁdy, from which he concluded that spiralling was i
unaffected by the subject's ability or imability wmar‘," .
was conducted in an ‘isalateﬁ region where extraneous séund's
were unimpor tant as orienting factors. The present stuﬁ‘ay ,
was conduc ted on the campus where bhe sgb‘jectzs wére,fwgiliar
with the sounds and knew tizeié location. ..Fnr example, a
street car could be heard ;‘?ox* a long distance as it ascended
the hill, and, three times, subjects were cbserved to chai:ge
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their direction as they walked, so that they continued to
face the moving car. On being questioned 'l'a*!:er%» the vsab-f |
;}eeyt:s, denled doing this consciously. 1In gen‘ez'al; sounds
werg difficult to locate and probably played only & snall
part in datemmng 'the_rmihes:; No dif ference could be
noted in & swbjeetts path depending on which ear wore the
watch. This was sysi;emaﬁically tested in twelve subjeaté.

A1l subjects walked in spiral paths. It is obvious
that g__l_?,_such factors as the m, wind, envirommental sounés,

slant of ground, et cetera, functioned not as cues by means

Gf which the subieeta gxiﬁed themselves insa spiral mth but

wers diaturbanees that had the af‘fect at‘ modifying or cf’r

producing 1rregular1tiaa 1n the gath. ‘rhe basic. fcrm of the

gath, und er homegeneous field conditions is s helieal splral.,

The size af the spiral varied in the same su‘bjaet st dif-
ferent times and frequently under the seme canditions;,_

The diarfeter of the smallest spirala was 18 feet. (wR,
walking at the rate of 1 step every 2 seconds, relaxsd

and indifferent to directions)  The diameter ;of'thehlargest
sp_ira}; was 6(50 feete {}éﬂg attempting to walk in a straight
iinejc}, , Thé ajverage diamigtgr{ of the spirals, for all 3"‘551.
jects;and under all condi.tians, when pasgsive to dirsction
was 228 feet.

When walking_, passive to dirsction, and relaxed, as
speed :increased,

a. the size of the spiral {ncreased in 84. 5% of the
cases
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be - the size of the spiral decreaaad in 10.57 of” ths cases
i‘c{;" « f;hers was no ccrrelation beé:ween size and spaed -.m

.2% or the casea. Thus, size of the spiral 13 gener-

:'ally gortienal ?;o ‘the spaed of walk;_g. (See
"Plaf;ea I - VIII)

‘a"men w{a}.‘kg.z;g,fpassw& to directlon, under tensiony ';‘s{s |
the Spgeé increased,

#‘"?" ‘the aiza of ths spiral 1ncreased in ?3.4‘% of the cases

b; the size of the Spiral remained cens tent in 6;5% of

‘f;,the cases.

c. ; f;he size of the spiral deareasedi in 13.3% of “the cases

hg*thet& was no relation between spend s.n& gize of the

“spiral .'m 6.5% of the eases. (sea-, Table 1)

Tension '1ncreﬁaéd? f;ne‘size‘fcsf the é.p’iral &ér the »size
undar rel&xation in: 55.5% of the subjects, causad a deerease |
in 55.; ,a, and bmught a’bout no reacrdabla difference in 11.2%
of t.ha subjects. (Ses Table. IJII)

When *ahe" subjects 'we'ré”- relaxed, the 'si 26 of ‘the spirals
increaseﬁ in over 84% of the casea as their rate 01‘ walking ine
creased‘ When walki.ng under tension, only 55.5% af ths. subjects
increased the size of their spirala proportional with tmir speed
of walkingc. The dif ference may be axplaimd-_ in terms of #ha
type of tensian :}.nvolved. Sbmé | sub'jects had what may bé called
a 'closad* reaction, ;m which the tension inhibited movemants.
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The 3ub,}ects appeared te he cerrying a heavy load which re-—
quired slow delibarate movementn char sub jeetzs ehowed an
'opan' reaction, in which the ‘censlon was expended ttrough move-
mantv. In th.ese cases the size of th& spirals increaged propor-

tione.l i;v the aeeeleration of veloe ityr.

xn ths resulfzs, taken as a whola, there was no marked
tendency for the subjacts ‘ba spiral to the right » rather than

to the left, or vice versa.

26.3% of the su‘bjects alternated right and left turns.
531‘6% showed marked preferance fox' rlght turns.
vll.(}% shoaeﬁ marked Preferemea for left turns.
5}..1% spiraled to the right end left without ariy observable
,system. ) (See Table III)

The course of 82, 5% of the subjects became smoother
(1. e., lesa minor fluatuaticns) under tension than under
relaxation, The reverse was true of 3.2% of the cases. ,‘

(see Table IIT)

Ccmstant movement decreaaed the size of the arcs over

the 'step and rest? type of mevement.

" Flﬁctuaitibns in direction woers more frequent a&nd

erratic in children than in adultse . {See ?la.tes VI ~ VII)
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‘Table I
Relative Spiral Circumference Averages:
produced by subjecta walking Relexed.

o ;ﬂné_ step One step . One step Ratlio of Ratioc of
Subject per 2 sec  per sec. per 3 sec. II/I in III/I in
, _ -

- IT - XX per cent. per cent.
WA, 205 £6, 141 ft. 244 £t,  68.8 118,95
LA, 283 £t, 460 ft. 501 ft.  162.6  177.15
B, 4§Q fv. 238 f5,  B19 ft. 48,6  167.1
BRe 190 £6. 240 ft. 339 fb.  126.5  178.5
'BJ. 117 £6. 120 ft. 610 ft, 102.5  521.8
oM. 205 £b, 284 f&, 484 ft,  138.4 236,
HD. 187 ft, 440 ft, 659 ft, 280, 419.5
HK. 99 £t. 188 £t. 407 ft. 1§d,_ 411.7
HB. ST7 g6, 275 fr. 462 fb. 72,9 122.4
IR+ 285 f£6. 621 fb, 260 ft.  184,5 91,9
MR, 189 ft. 249 ft.  362 ft. 1318  159.7
. 80 ft. 552 fr. 602 ft. 440, 752,
oW 396 f£t, 397 ft. 460 %, 00,2 116.1
PT. 119 rt. 109 £6. 89 rt. '9156' 7475
RNe 278 £t, 364 ft, 702 ft.  130.9  252.2
0, 121 ft. 290 ft. 520 ft,  258.9  429.4
WR. 43 £6, 83 ft, 160 f&, 19,1  37L.9
SBa 183 £6. 140 ft. 256 ft, 76,5  139.4
87, 142 rt, 380 £t. 457 £t.  267.5 32143
rC. 240 6. 374 ft, 662 ft, 155,85  275.8
KE. 96 ft. 213 ft, 620 ft, 222, 646,

Averages:  204.6 ft. 279 ft. 496 ft. 136,16 242,
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B rable IT

Réié"tive Spiral Circumference Averages produced by swb jects

wn lking 'u_nﬁer« Tengion

. One step One step One step ' Ratlo  Ratio of
Subject - per -2 sec per sec. per § sec. of II/I  III/I in
b ject 3 - B

, s S IIT in % per cent

YA 56§fft; 388 £t. = 377 £t. 68.75 6647
‘LA, 426 482 484 12.9 113.6
BS. 380 388 428 02.2 112.6
BRe 294 290 282 98,6 95,9
Bf. 90 282 523 13.4 584,
oM. 282 258 659 §1.5  251.9
m, 492 568 753 15,5  149.1
HK. 176 206 814 1176 178.4
HB, 379 490 943 1293 248.7
IR. 188 204 566 108.4 506,9
F‘R o 455 a78 258 82.5 ',55.1
m. 121 Ba7 513 286.5 424,

ov. 167 206 565 123.5  338.

PT. 156 240 684 154,  427.8
RN. 807 119 770 1477  95.5
Té; 125 131 163 106.3 132;6
WR. 79 2402 148 3410. 187.2
s8 191 ‘220 253 115.1  132.5

Ayerages: 299 ft. 422 ft. 482 ft. 141,24  161. %
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Goneral Data Concerning Spiraling under Tension and Relaxation.

Sub ject

' SB.
 EK.
- BM.

Wl

Relation = Does
of slze of tenslion
spiral to increase
speed of or
wallting  decreasge
~ 8piral
size
£ ‘increase
£ same |
£ decrease
- increase
£ decrease
£ increase
£ increase
4 se20
£ increase
varies dgqraase
£ increase
A same
£ decrease
- 1pcrease
4  imrease
{‘ decfeaéa
’ ingrééée
£ increase
F 4 increase
7 deérease
£ decrease

- Does sube-

ject tend.
to turn

Is course
more regu=

lar under

right, left, tension or

or nlternate,relaxation.

varles
alternates

alternates

alternates

right
variee

alterna tes

altegnates’

rlght

alterm tes

'alterniﬁes ,

- right

lsft
.gight'-v
aries
vﬁries
right
right
right
right‘

relaxation
tgnslén

T

I S T~ - ST~ S RO - N = -

+3

same

L= - ST

relaxation

Does
increase
of apeed
make the
spiral
smoother

yes

~yes

yes
yes
yes
yes
yes
yes
yes
yes
yos
yes
yes
‘yes
_yes
Jes
yés
yes
yes

yes

 yes
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The frequency of changes in direction, from right to

left and #ice versa, was greater under relaxation than

under tension in 95.8%‘ of the cases. As speed increased,
both under tension and relaxation, the frequency of changes

in dir ection decreased per unit of space;..

The more c}efinite tha goal, other things being equal s

the more direet ths ccurse to 11:. Under Anstructions to

"wall in & straight line", all of the subjects made strel ghter
§athé'th§n those made un&er instructions to walk intha eaaiest
wasr., The average giameter of the spirals under insuructicns

to walk in the simplest way was 228 feet. ‘Under instructions
to "walk in a straight l@na ‘the average dlameter was 326

feeyt,ﬁ an increase of 23%. Thus, the more definite the goal, |
the sﬁraight‘er the course to it. When a }subjgci; is told to
walk in the easiest wéy,' pass}.ve to diraction, the instructions
set up no definite point to which he is to €. He is given a
method of walking, not an snd toward whieh he 15 to Walk‘

if, on the other‘hand,- he is told t.o walk to a cartain spot

or told to walk in a straight line, his conscious fie ld becomes
more hlghly struetured. He has a definite act to perfomm A
great difference ctmld be noted in the sub jects? behavim‘.'
When told to walk in e straight line, or fto walk tovard an
object, they became ixmrg active, méré jintex’esteﬁ,’a’nd ‘gave
i:}dica"‘cions of bes,ng“un@_'ezf g:é‘atar ‘?9’1519“‘:.:(.5@9 Plate IX

for diagr’amswof paths made uz'zder‘ 1nstrucktior:§ywihich varled

'tl;m definitemss of the goﬁh See aﬁpendix fbr relevant

- introspections.)
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‘Results of Experiment III« -

The data abtaineé in this axperimsnt augmf, nte& the
preceding data since it; repraaantea 8 differsnt and more
ﬁetailed attack on the prablem of movamenm In sdditicn tn‘;
the m'evious resul’ss, &ata on time end length of strida were

thﬂin@d#

A summary of the results for Subject SR follows:

Aé tual

Speed and Ave Rate of Av.
Tension langth of time per walking circum=
: o , stride in atep in in seconds ference

One step per inches seconds. per fobt.  of spirals

2" peolaxed 5.4 2.16 177 193.9

1" relaxed 18.27 1«96 - «62 130.5

#" relaxed 21.53 +6 33 256.2

2" tensed 16.87 1.88 1.33 191.6

1" tensed 17 .86 «89 <58 220.2

2" tensed 18.51 «65 42 253.5

Summary of results. for . ‘;u‘c;lect V’R.

2" relaxed 12,15 2.5 2.22 54,

A relaxed 24.9‘ T35 -« 354 ;2?2‘

" relexed 23.18 5 «26 284,

2" tensed 1346 8.2 3.6 ‘9.6

1" tensed 32, «384 «312 2402. «

" tensed. 22,5 476 «253 147.8

# subject changed posture from 'closed' to ‘open' type, re-

leasing energy t:hrougb movement rather than thraugh holding

bady rigid.



Summary of resg;ts”for'Subject PT

Speed and
Tension

One‘step per

2" pelaxed
1" relaxed
2" relaxed

2" tensed
1" tensed
" tensed

Av.

length of

stride in
‘inches

27.4
23.15
25.97
25.05
23.6
25.6

30e

Actual
time per

step in

seconds.

.845
.93
+508
729

634
468

Rate ofi
- walking

in seconds
per foob.

.37

483
.237
.348

«322
22

Ave
circume:
ference
of spirals

325 £t
467
75T

156.4
240.
684,

These results of walklng at the rates of one step

every two seconds, one step every second and one step every

one~half second under tension and relaxation indicate the

follcwing‘facts-

. 1. Length of stride inareasea with the speed of welking,

~ under conaitinns of baﬁh tensicn and ralaxation.

2. The{v.size of spirals lncreases as the speed of

A walking increaseé.

3. A subjeet*s estimaﬁation of time is affected by his

' speed of walking and bsdily tension,

See Aypendix,fbr gomplete;;ntroséecﬁions describing walking

under the above ¢dndi£ionsg
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The following tables present the results obtained when
the 'subjects walked with their bodies bent, at the rate of one

step per 2 seconds

ﬁubjs ﬂt 8R.
Direction of “Ave Actnal Rate of . Av, ’
- body bend . lenfzth of = time per walking circum=
gtride in step in in seconds ference
inches second s per foot of spirals
- Forward 21.12  1.4B .82 21le4d
~ "Batkward 16.8 1.8 1.29 132.2
-Right 14 .36 1.61 1.34 68.9
Left 15.96 2.01 1.52 798,
Subject PT.
- Forward - 2647 +666 Y] 200
. Backward 24.8 484 234 256
‘Right 26, +654 - «302 193
Left E 24.7 +618 3 333

Subject SR. spiraled oonsistem:ly to ths rigmt when

walking under inst’ructiona to "go 1n the easiest way, and
be passiva t:o diraction. When he walked with his body bent
forwarci, he used a lang striﬁa and wa]ked in rather large

pirals; ?fhan ‘he 1eane& backwarde, hls swide and spiral
size were raduced ap;x*oximately 20% and 38% respaotive]y.
ﬁ. right body lean rec’iuced the length of str'me and gize of
spiral to a g:-eater extsnt than the other variations studied.
The most 1nterast1ng resul‘cs ware obtainad when the subject
walked Mth his body bent to the left. His path { See Plate X)
fluctuated ‘bc tha right and left: in & very unstable manner,
making, as a whole, a long arc to tha righb. The pat.h

gives & pictorial representation of ihe subjectts behavior,
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He seeamed very much disturbed while walking, and apparently
‘hed dqifficulty »niaiz;ﬁnining.hia' ba;gncs;} }Ié sald tint this
part of the experiment wes the most difficult for him, though
he didn't know why. These results indicate that body lean
affects the subjayc*;‘g,gtfida, his estimation of time; and
the size of the ,sp_ifglg which he traces.

sub ject PT, éhwe_d'simi}.e;r’b'ehaviax‘, though there was
less variation under the different conditions. His intro-

spections fc{tiowi

Forward bend.“med that t%m*e, was much greater tendency to
Ql%cil&'ﬁ@ back and forth than 'zmdéi' upright eondiﬁ.on. Right
and 1eft balanee seemeﬁ tc feﬂerally upsat, but not in any’
specifﬁ.c direction, ie @ey L0 the right or left.

Backward ”nenc'l. “was tmder sonsiderable muscular strain.

#uch more bhan bending forward. erimmt jon was more upsset
than under previous condition., Had dfi‘fi.eulvty in walking at
all, ‘&nd seemed to be tipping from one slde to the othor.
Could not dﬂtem:v.na beforehand which step wculd balance me.
Had to i:ake aeveral extra steps ta got my balance. Field

was all doranged."”

,Right bend « "Very difficult to walke There was a tendency to
'wam tc the 1s £t to koep from falling. Was primarily ama
of tody strain and disorientation with respect to right and
left." | o
_I_,gﬁ bend. "Much the same as right band, with the opposite

compensation.®



4&1}@_‘_§££9‘§§v‘of acceleration on the form of the sub ject's
path was :siﬁdiéd; As mig;'nt berexpecteé s -ﬁha more r‘apic’{ly
he walksed, the langer his strme and the smal}.er the angle
of cnrv&imre, :1- sl, tbe larger the spiral. The Sub;}ect began
at ths rats ef 1 stexz evary ti:res seconds and gradually 1m:reased
his speed te tha maximnm. The resulting eurve clossly approx..-

mates & 1ogar1ttmie a;ﬁral,“ the curve of grawth“ (Thempson).

(See Plate XI)

‘The curve obtained from & subject who stbempts bo walk
;a’c 8 ac«mtant rate fcr fiva mirmtes o mora has thrse che.raew
terisi;:}.c phasea, al}. 03‘.‘ which are stages in a singla process.
(l) ’Ihe f;m st; few stepa, usually between 30 and 100, trace
a_vez'j wide arcg (2) this arc leads into & circular @ spiral
fbmn of 'smaller dimensionm {5}* ‘ﬁwre '15 no sharp dividing
l:’me between the thim pha se anﬁ the secom. %b.e third phasa
is c}nracterizeé by smal}.er and smaller s;;irals, Tha ‘betal
path resembles a reverse logarithmic sz;iral."the curve csi'

deganﬁraisi one

"}.‘hasa ‘mbs'er’md ch‘angea' have their sub j’ectivé caunﬁé:f';gé&t.-
Sub. 336’6 SRe intmspects, "When I start to wa.lk, I try for |
awhile to waik at the spee& you i;uld me to, and when I get
thai: down, I let my mind wander er day draam ani just keep
walking 611l you tell ne to stop‘ B
Subject BR. states, "I always feel ;ret**y well orientaﬁ when
I s‘;};ar»t;te wa‘;lkov »'}!he feeling px'pbably ar':lsae Trom thg,fact
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that my environment 15 nost sta’b}.a when I am standzng still.
This makes me Tfeel qta’ole and arienteﬁ. zr.nsn Iwalk I ignore
direction anﬁ thinik cmlg of my rate of walking and aithar
relaxatj.on or tension as dsmanded by the experimenteor.

'After I!ve walkac‘i an ‘hundred feat or S0, it usually foels

as though I am rathgr -de{taehe& fmzn tlo environment, and
just drifting slong. Sometimes it seems as though I am '
circling, mt I :,,i;ry”tﬂ i grore 1t."

There are "exceptigné to this typical sgr_ies of changes.
Sybjeect T&R‘, for axample s 1:1 one experiment cons’isténﬁly' )
incréaeeé hhé size of the spirals which he traced. He ac=
Tcaunted for this by ve}.un‘ceering the 1nfomaﬁ.an that he
felt very sleepy in ths baginning, but that the walk md

awakened ‘him,

The effects of wind and field slope were investigated,
It was féun& that both wind and the sloping "g:!r'oun& éroéuced
ths saxr'e effeﬁt: on the au’o;;acts* coursa. ?’hereés nomally
the spirals closely cver»lap eaeh other they form a series or
sma 11 script "e‘ " which move downhill, or down wind if those
‘fact(:rs are present., As the intensit’.y of the wind, or the
y'slops of the fiem is 1ncreaeed, the diatame be’cween the
"ets" increases. When either force was sufficiently strong,

the course became a wide arc apz:roximating & straight line.
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Results of Experiment ;_}_{.

o In "i:l}ie_exgefim’ent, five subjee‘ﬁs} ‘were instructed to
refrain ffqﬁ:.‘rémovin‘g t:hé:!.rf biiﬁd‘foicis, No ethéé:- instructions
were giv\\enzv.‘ ‘,'Thga“i:'-‘ behaviér‘was 0bs‘;ér'véd for five minutes;, ,
and at the end of that time they were esked to write e intro=
spection éescribing their thoughts and feelings dwring ths.
period.

Sub ject SR«

‘Remained motionless for one minute, then sald, "Whenever
you :dre mbout ready, tell me." Two minutes, fifteen seconds:
shifted weight to other foot. No other observable changes
during the five minute period.. "

His introspection: "After the box was placed over my head,
I was Turned around. 1L heard the footsteps of the experimenter
and then there was silencs. First I thought that he had for-
gobten somsthing and had gone afber 1t. 1 remembered that we
had checked everything thoroughly. Next, I thought that he
was compiling data about our location, etc« < became a little
uneasy snd said, 'Whenever you ars about ready, tell me.t
I recel ved no answer. I became more uneasy and shifted my
weight to my right foot. ¥ was constently elert for returning
footsteps. Since I hed no instructions and my instructor had
placed me, I.dildn't chenge my position."

Sub ject WHe

Fifty-five seconds after starting asked, "Is this a
silence test?" One minute, forty-five seconds: he shifted
welght without moving feet off the ground. o

His introspections: "No instructions were given to me in
this experiment, tiereiore I had no idea what was expected of
‘me. The experimenter merely pub the goggles on me and then
walked away. I thought I might have to write something be-
¢ause I could hear the pencil moving behind me. When the ex-
perimenter failed to instruct me further I remained as passive
as possible. I wanted to shift my position & few times but.
didn't. My reason for not moving more is hazy, but probably
was due to the fact that I thought I might be expected to re-
main immovables I wanted to say something, but was afraid I
would spoil the experiment so remained silent. My last move~
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mgnt was the result of weariness in my legs.f“

Subject OW.

%was in almost conatant motion during the five minute
periods At first he paced slowly back and forth, then
begen to walk in circles, later reversed direction of cireles.
At the end 'of first minute he asked; "How long does this go
on?” Thirty secomis later, "If you want to know how my directions
- are, thmr are genes

His ln‘arospectiom “At first I moved because I find that
I can keep my baiance better that way. Then, after I realized
_that I was to receive no instructions, I assumed that Hr.
Brigden was interssted in my movements, so I consciously
moved about the room, because I thought that he wanted me to.
After 'I had locabted the walls and various large objects in
the room; I atbtempted to walk in as large a circle as possible.
‘8ince MNr. Brigden did not enswer my quastions, I assumed thet
he did not wish to reveal his location. I wondered how long
the expesriment wouldkst, and if I was doing satisfactorily.

Subject VWe.
| Neithex* moved nor spoke during the five minube parﬁ.ed. :

His Introspection: "For the- mament I had no ides as to the
exact purpose oI the experiment though'I thought it was con=-
‘nected with work on circular movement.  Then as I stood -waiting
for instructions, I noted aslight swaying of the body and thought
of the neurologlcal test for the Romberg sign. After that I
tried to stend @os still as possible, I quite dei‘ini‘oely had
the intention 013‘ standing as motionless as possible "

Subject TC«

Whistled ﬁuring the Tirst mirmte, then asked, ""hat
I supposed to do, 1f any?" Three mninutes and twenty seconds
later he asked, "Am I sllowed to walk eround?" On recelving
no answer, after a few seconds pause, he took. one stap I‘orw ‘
Warda . ) ) :

 His 1ntrospection' “’s‘han the blindfold was pub on, I
waited colmly for & signal, seconds passed and I became mpatiant.
I was ready to go, but no signal, I finally asked what I
was supposed to do. No answer. I swayed back and forth and
finally took a step. I begun to setily myself then to calm=
ness. I was resigned to immovability and thsn the exper'lmanter
called time. I still had a sense of incompleteness; of
naeding actions®
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Hesults of’ prsriment v& i

The purpose o:[’ this expez‘iment was to stady goal
lacélizatian as it affected the-cowaeof a sub jeet who
a'ttemp'i:ed to walk toward thei gda}. in a straight 1ine'¢, The
goal seleeteﬁ was a bell which aounded continuelly. Tﬁa blind~ -
i’olded subjec'b starteé i‘rom a point 30 feet away and attempted
to W&l}& 11'1 a straight linsa toward tha source of the sound-
i’late XII shnws eight routes fcllowed by two sub,}ects‘ All ,
sub,;acts traced a wavy course which gradually narrcn-vad in its
fl;xctziatiags ag it appr-bached ,the bell. Why, we may ask,
vhen the gosl is a pbin%;:with a defiﬁiéa location, does the
subject not walk to S'b ina str*éight line? The sub ject
himself (SR} answers the question.‘ “‘e’é’hén ‘E started to we 314:;
the oell munded as thsugh it were & ganaralized sound caming
from m area ahout two fee'b high and about fig taen feat long.
I triad to walk bmard tha spot in tm middle of this az*ea
which seemed 1eudast., The smma socn scemed to be coming
frmn tﬁe mft, 80 I moved more in that dir ectﬁ.cn. It seemeﬂ
as though I aauldn!t pull myself far enougn evar, and thén “
an ‘lrtatant la ter the sound seemed to bo farther ko i:he right.
The area ef sound narrowed down as I apprnachad and when I
was ﬁeld to stop (three feet from tha ball) I felt ns thcugh
the bell had cantracteﬁ. toa roumi area of sound about eig‘nﬁ
;nchaa 1r; diiameter‘.,_ it bacame-y, p}ons’smtly clearx_ar and more ‘
definite during all the time I walked tovard 1t." Similar

experiiences‘ were reported by all the subjects,
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In the second part ef Experiment V, four subjects
attenpted 'tko aim a yardstick at thé source of the senn&
(the bell}, at six foot inf;ervala along a straight line.
“.Vl‘hair e'mjcrs were recqrded in degmaa‘ - The following table
indicates the results.

- Subject Av. error for Pe Eo avVe
“—“L"" - all distances -
SR. 3.4 «523
BR. 4.4 875
WHe 314 <750
OWe 3.7 .595

%I*he low P. E. indicates how constant the errors Were.

Ixs 8 matter oi" fact, there was a slight increase in the angle
of arror of localization as the subject became farther removed
Ai’rcm the aound.v If we assume that tha angular error of locall-
zatien remains constant, 1t follows that the projection of the

ougmil'u-M geatic dudlines oo horig Tk Lime
-engle would mark off through the bell, as the subject moved
away f;';"pm the bél}..
'fﬁheae results are taken to mean tmt the Ygoal' of the

'aubject, from a dyna.mic » field stan&poini; is an ares having

the ﬁiameter of the error of localization. ,
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I)i scussion

In ozvder to un&ers»ami the signii‘icanca and 1mp11cationa
ef‘ cur rasults, 131; us mam an analysis ar movement. ‘é’fe

shall begin by asking the qusstion, Why daes a person walk at

Vall? In order to easwep this question let us clarify what we
mean by parson* Bio}cgically, a8 parson is 8 complex organism,
all of whose pgrts bear certain f‘unetiona}. relaticnships to
eaeh other.' A knawl’fedge of thia fact does not guaran tee an
maarsu&nding of tha organism's behavior. ‘I'his is true, be-
cause in the first pla ce i'ha organism never acts indemnﬂemtly
oi‘ ite envi).ro»nment. T‘hus a };nwrladga of the anvironment is ‘

| imper-a*;iva. . kzarfeqyar s An undgrﬁtmding of a perason's behavior
éeman&s’ that the frszc;és‘wi thin aﬁd ws.thau’t. the iﬁéiifidﬁal be
re&uée'ﬁ ﬁé ¢ ommon terms¢ It would be futile to attempt ‘t‘c" '
p:'edict an wganism*s beh&vior in a given enviranmant, if we
éonaidarea 'bhe organism in terms of structure, and the environ-v

vme_nt in terms a;ﬁ‘ function.

8ince both the person and his environment exhibit ‘the
properi;ies of' dyn&nic fields, a f'rﬁitfu}.' set of terms and
concepts to use in. our stuﬂy will be those of dynamics. u
Tlms we can speak of the persan as & part of a8 field. ‘ﬁia
propertles and activi..ties will be !'fileld determinedr. H},s ]
behavior will have the prnparts.eg of a #eqtor., It is 1n ,'th,avsa

terms then, that we will define our person.

'Now to Bebturn to the oz'*iginal question: ®ny éoas;_a;_,:

person walk at all? The dynamic answer must be that the |



i‘i’éiﬂj.ig unps.lanced, 1. &uyp there is a difference in potential
in thé field. The subject's walking 1s the method by which

the fi 91&';""’i§.né'1u&iﬁg the subject, 1s to ratur*ri to équilibrimn_.

Some readers may wish to ask hcsw the subject knew that the
fiald v:as disem;ilibratad, how he knew that walking wou}.& re=-
establiah equil:!.brimn, and wh:; he was mterestsﬁ 1:1 renba]ancing
f;he f:}.ald. Thes& queatians wilz arise only in the minds of
thcsse | peeple whn :{‘arget that the subject is a dynamie pari; of
tha fieldo '«“fh:x.le he is a zmn; in himself, he is ai; the s&ne
tima ﬂn integral part af a hrger field. rﬁoreaver, the temm
equilibﬁum am‘i di sequilibrium rafer to fiald d},mamins rathex*
thmx th& sub;;ectfs impresaion of the fiald.e | Phenamenolcgically,
i:he c‘iisequilibration occnrs w}wn tha sub;jeet is given 'bhe in-»
‘struetions ta walk, anﬁ accapta them, or agrees to wa.lk:. The
mbjeet ﬁgeg not say, ”Ehose i;;structiong dis}e_qzilib:ata my
distribution of energy, and, by following them, equilibrium will
bo established." He agrees to help in the experiment; the ex-

perimenter tells him what to do, so he does it.

The results of Exparixmnt Iv ﬁancnstrata that as scon
as ‘bha n’bservers agz'eed to be subjeats in the axperimant certain ‘
qhangss tog}; ‘p.Lz_;e»‘ef . ;Tansiens were establishgﬁ, and in t‘.he <ab-
sencev 'of ’instmctions'regarding ‘thveir re:{sase, the sﬁbjéctév
| praeeeﬁed m set up goals tovard which i;hey might str:.va.} TG'«
was. ’che only aub;;ect to sgecifically mention " aensa of incom=
pletenaas" in his intraspection. Eowever s faur of the abservers

vaz'bal.ly axpreaagd the same i‘eey;ing at the termination of the -
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experiment. The results rather definitely demonstrate that no
aci:ivity tékés ‘plavce in’ bhe a"néence o:E' a4 geal, toward which 1t

may be' diféetéd; Expresseﬁ dynamical}.y, when tensions "were
arous@d :in the suaject by hls accoptance of the role of ob-
'server, and since tha fie’i.d hed not been atrueturec‘i by the |
experimenters i.zzs Jructions, the sub _,aot procaaded o eﬁ‘ect B
strucmizatian wmch represante& his notiou of ﬂm fiel& arrange-
mf.ant dasirsad by the exparimentee. ‘mls leads us to the next

cmestion concarning mmzament-

‘fmere does & subjeci; walk? Lat: us consider this prohlem
in terw of c}ynamies; All writars on this aubjeet agree that
them :Ls only one possibla answer. An disequillbrated filelds |
‘retu-n te eqwailibrim by the most direct route possible under
tha existing aonditionsg Since i:he field we are eo’nsidez'ing
13 a &y‘mnic i‘ielﬁ, aux* sub,}eet must resolve hls tensions by
the ehoz»tag;p posa:}.ble raute.‘ 'snfhen we speak of longer and
sher t;e.a rmxtas, wa refer o the length of the path in relation
to tha fie l& in which tha eourse 13 traqed. But we have al---
ready state& that movement has the graperties of a vec uor.

' élirection and forca.‘ 'Bhus, in t‘nosa cases in which there were ‘
.no o‘ahar camplicating vactora in »he field, the couvse woula ‘be
a sﬁ.mple ona aince :H; would be datemined by & aingla vector.
In those casea in which the field is hef;crogeneoua, inclulling
humeroua i‘actors whieh ai‘feet t.he moving subject, the path
will be nore eomplex, i. e., 1‘53 direction will show greater
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fluc"matiuna. This does ‘nﬂt. mean however that in a complex
hetefageneéus field, the subject follows a path which is other
than theﬂsimplax_st poa‘_sible\ under the exlisting conditions of

rield structure. Whenever we speak of least action or shortest

routs ﬁ‘e,;mply,the added phrase: under the existing field

structure. Otherwise least action and shortest route are meanirig-
Iass' cam;)arativas and superlatives are slways relative to a
fieldo We are now faced with two mutually exclusive alterna-
,.:,tives:. Eithar all behavior éoea not follow the shor test pos-
s.tblé' mth, or else there is only one possible path which
movemeni; could .f'c}.lew. Consistency demands that we espousa

the 1atter altarnative‘ Instead of speaking of longer or
shortax‘ mutes, we can &peak of THE route of a subject 1n

a fie:ﬁo

 The statement ‘A‘mqvemenkt has the properties of a vector"
der‘:xaxngi:gvsqme expansion. We examine a vector diagrem in _av
physics book &nd see a 4 ¢m. linajpointed north, & 3 om.
:)!.11}6':9{31111‘:66.“!19!'1:}‘1‘??&8# and 8 2 cﬁz. llne pointed west. The
prpbllem is to discover the xfesultant. It will be 2 1line having
g(éerti:ain length and ﬁiraationg Unfortunately this line does
:;Qt;_;;egr‘e;ant_t;he path which s.i_ subject would follow, whose
stmuia'tion might be symboli,zeﬂ by the component vectors. The
resultant vector merely gives the force and 1ts direction at
a point. It is mportant to mention this fact for two reasons.
In 'ché first place, no subjectfs course was straight. Thus

1f motion followed the direction of the vectorial resultant,
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we would be faced with a éii-ammaf Either all subjects?
cqu?,sgs would be straight lines or else their course would

not have the properties of vectors. In the second place, a
snb;}ect cen be stopped at any time. Th:ls would not be true

1 ho Tad to walk to the end of the line symbolising the re-

, ~3u1$gnt vethi’; If we realize that the resultant vector _ is
mex;e,ly ) force ah‘a goint.and'that}at anothar point the ra»}ign-
ment of stresses will be 4if ferent,_ we shall have no diﬁfficulty

with the concept of vectors.

In answering the question "Wpere does e sub,]ect walk?"
we must conslder one more characteristia of movemant within
a fie‘mg ﬁ. subject will: can‘binue to walk untll he reaches ‘
_hi,smgeai’l_.. This has been shown to be true also in the csase of
rats (2, 3). Although the position of the goal was ehanged
and the‘ spatial relationships between start; end goal were»
altared, the rata continued to search through the maze unt;il
the goal was reacheﬁ; ~ The search would be terminated at any
time if the experimenter placed some food before the rat.
Similarly the walking movements of a subject cen be terminated
at any time by the ward "Stop". To the subject this sifnifies
the faehiwvément of the end. In terms of dynamics ,rkequi 1ibrium

has been achleved.

'Bbth tha objective results and the intrcspec’cioné bf
the subjects reveal that the gaal :{a not a s{;atic point 1n
space, but that it ls in itself, with reference to the sub;\aet,



a varia’ole. Au subgect (h’{R.} who had Just walked for 10
minutas at; the vata gf Z. at;ap every 2 secands, indifferent
to direction, when askad ta defina what his goal had beang
atatad “%’ssell, I trieé to do what you asked me to, to take
one step every 8 ticks of the watch and jwst walk in the ‘
easiaat vgay 1nd1fi’erent to whez'e I wsnt* I was ver;y relaxaﬁ,
ami when a gust of winé h‘.u: ma, 11; almost knocked me mrer.
Gampare this with ’hhe ~same subject‘s introspection following
an abtanpt ta walk 1:1 a straigh‘b linau “I have a fealing that
I didn't @ exactly straight, but '.E ﬁun'g know which way I daid
g I trieﬁ m think: what it felt like to walk atraigm;, with
my eyes open, am} i:hen tried to geh ‘the same *feel’ ?’hanever
I felt as though I vwas beginning to i:urn to one siﬁe I wccu}ﬂ.
y te compenaaha for it by increasing my tensicn on that side
gnd s}.ight}.y twigting my body _in the direction I thought: was
eurréctr I was very tense all the time I walyked.: I couldn't
seem to help it. If I tried to relax, it felt as though I
was not going straight.” Nothing 1s seid in either ré)ifith‘e}se
intﬁds?ectiana*aboubthé goal being a point in spaces. But
sapposo that the subject s told to try to walk to a definite
spot In space. what will be the nature of tha goal location
under those conditions?

i’his prablam was studied in Expériment Ve The resulta
obta:ined when a sun ject at;tempted to walk t;oward a constant
sounﬁ in a straight 3.1ne, inﬂicated that whna ths goal

ghysically accupied a singla poin!; .’m spaee, 1t was phenom-»
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enologically an ares whose size varies with the subject!s dis-
,ﬁéﬁéé"'éﬁ&x. On the basis of the results.of the second part of
Experiment ¥V in which the subject ahtempted, at varlous dis tances,
to paim; 8 meter stick toward the source of ths sound, we can
Aférmuiate 4 more axaat,‘statemént of the relatlionship between the
tgoal "az"ea!vandv the subject's distance from it. The goal 1s an

area mose siza varies in t‘ziraet proportﬂ.on to the subject's

@i stance away from it. - Undar thesg oerﬂ‘itions, the geographic

,éefinitensss of the gc&lvvaries inversely with 1ts size.

 Another pr’»imigla : 3:;;(? mot ion is deducible from our data.
The straightness of the route leading to the goal 1s propor-

tional to the energy expended ggﬁt hat dir ecti&m, , The following
dgi;a' are ‘Vg-a'sentedc.’pn defense of this principle-. '

; Inatruntions d&n&nding the expenditura of incressged energy
produce 3 straighter path‘ In all cases in which a subjec.t was
tal& to walk fastez*, hia ;,sath mare nearly approximated a
straight line. Iﬁora enargy is required to increase one‘s speed
of walking.. Both the sub;]eet's intx-ospection and records of

incraaae f’m pulsa rata are :Ln&icative of this conclusion.

e _“ Instructians ta increase tension while wa Jking produced
s straighter paﬁzs 1:1 55.5% t;f the cases studies, mare curved
paths m 3343% ard. mcducad no reeordabla difference in 1,1.2%
VOn the bas&.a of these statistics one might be hmlined ta
doubt the soundness of the m*mciple under consideration.
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However, orur gqualitative data come Lo our aid. _Those subjects
. who mada stvaighter courses under tensicn axpresse& their

tenslen gualwar& in the farm ef lcmger steps and mare frequent

stepat In spﬁ:a of the fact that they wore inst:ructed to walk |
at a certa}.n ratﬁ, under tensifm they increaaed thair speed

of walking haynn& that rata. Those subjects whose ccmrse b=
reama more cm'veﬁ uuﬁsp i:enaion apparently turned their tension
”;_.-;m?afcfi 'so that it had an inhibitory effect. Their stri&e_ became
sﬁﬁgifi;{srr' ‘a;n& their 'eat;ima'ﬁignip?ﬂtima was affected iﬁ such & way |
that tﬁey, stopped less frequently then the instructions demanded.
Siﬁcé the statement a;’ our ‘lag*r refers to energy expended in thé
&i;ﬁéé};ﬁqn_*of the goal, any change which retards a{fsub ject in

his movement toward the goal csn not be sssumed o fall imder‘

the 1}3&;

’Bhe longer a subject walka under 8 given set of 1natruc-
tions, the more curved his aaurse becomes. As he walks he
beaemes fatigued, be has leas anergy to direc?; toward the
goal, ’iﬁma his sourse mcreases h curvature, to & pattern

whwh raquires less enex*gy to maintain»

Iﬁt us attempt to trace i:he relati.onahip between the
two f&ats~ (1) i:hat the path becomas increasingly 5tra3.ght
with irmraasec} energy exgenditm’e in tm direct.ton of the gsal, :
and (2') th&t a route becomes straighter as ‘the gaal is appraacheda
As the goal is appraached, it becomes more definite, tlma fzhe |
mare definite the gcal the straighter the path i:o 5.1;. %hen a

subject 1s 50 feet away from a bvsll, his mcvemant 1s only in
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the géng;‘:g;fi@pgqticn of the sound since his localizatlon of
1t is .ixﬁiackcm:atie.w As he approasshns the sound, it becomes more
definitely localized and he is sbie to direct a greater mo-
pef'tion' of his »e}ner}gy goalward taward a fixed point, with the
:fasult }t“l‘mt. his »pa'ti'xbecomé straighter. ‘In'-othrér mr?ds,f the
g@i{aﬁghﬁegthﬂ ga_.‘:h’,; ‘the more energy le expended per unit of -
d;istance farward i;cward the goal. *I‘his is also true of the
firsi: prcblem whara aaceleratlon means greatar expenditure of
enargy per unit nf distance fca?wax-d in a linear dimensitm.

vIt thus apg;eax's thai; the sacand fact menti.oned above (the more
definite the goal, the str&ighmr tha pai;h to 11:; is an e X~
gmp}.e_ﬁ;_of;g}:g‘e hn:xp;fe Vgﬁenerfal prgp_gs;tion,;‘ that f.;hg stz‘:*aightness‘
pf the route leads_ng to the goa}. is“prbpbftécxﬁzgi to the energy
 expended in that direction. |

If our reasoning 13 coz'rect, more energy should be
e*;pan&ed by & sub;}ect whern attanpting ts walk in a afmaight
lins than when ha walks in the easiestz way. A ss.mple exper-
hnent proves ‘that this is tma Five subjects attempted to
walk in a straight line and theﬁ.r pulse rate was measured. .
The average for the g'oup v'as 7.8 beats per mhmta‘ The

seme group next w&llﬁed at the same rate, wmt indifferent bo
directian. The average rate was 64.8 beats per mimﬂ:e, g
difference of 20,%'.. The subjects agreed that it required
‘ muéh'mofa offort and alsrtness to twalk in a straight_ lina ¥
'then to walk in the easiest way, which ‘wasv 8 spiral.' It 1s
1,nterést1ng to note that with s 20% increase in energy ex~
penditure, the curvature of the paths traced decreased N
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20%. Insufficlent data have been obtained to demonstrate
conclusively t};e "e;ﬁi"si:énce of a cons tant ‘relationship be=-

tweon the curvature of the path ard energy expenditure.
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_ Theoretical

The theory which will be proposed 13 based on the
a<‘sumpt;10n of a dynamic unified field. ki e have dei‘inad a
unifieﬁ i‘ielﬁ as an. arrranized system of energy in which

evsry part is aapable cf affecting every other part, and in
.which every part derives its properties and activities from
3.1;8 position in the system as a whole. The f:}.eld 3.3 given.
It 13 net built up fram its parts by any synthat;ic or ad-
ditive pracess,-’ In i aat‘., bo agsume the opposi te would Jead
1nt0 a hopelese. dilemma. If we were to suppose that any
whola 13 ccmpeaad of discrete, separate, unorganized parts,
our fmst problem would be to put the se parts together be=
cause 1n nature as we see it and study 1t there is activity
be%;'veen tha parts. There are only two alternative methods
of " d.aipg: ’cyh;ig, Either there is something wi thin the parts
??%?3'3{,“’5#%3- join them together, or else some agent outside
‘t‘he ' pa:ftsmust join theme If the first possibility were
true, our original assumptlon would be false because the
parts would not be separate and distincte. They would always |
be in'vcertai‘n relationships with each éther, and. thus parts of
a larger & priori éyétem. If the second alternative were
t‘rue,’ we would be vielating the law of parsimony and édding
some ’chihg,‘ not given in »the‘begi‘nning. Qur problem could
nemrxbe solved' in this way, hepaﬁse 1% would lead to an
illogicel infinite régrass of ceusation. :All nature, as we
k:now it, is organized and patterned. We simply start by

assumihg this organizatione |



Our conceptlon of uzfgan,izgztion must be broad enough
,bm.irié'luée,ali vi?‘ozjms\,ginarganic, 'oégani-c, man.  As long as
any unit "af‘f‘ects_;*gr-_ﬁ 13 affected in any way by a whole, it 1s
a prt of tha‘s wholo. Thus & men sﬁbject is just as much
23 part of a physirzal environment, Just as much a part of the
field structure as a stone on the ground, or the air that he
.bpeatbﬁ~s, If Qﬁ.th.?&‘ were lgeﬁﬁ.ng, he would not be there, and
ir he were iacking,ﬁ there would be a different fleld; a fleld
wifshout man, Pather than a field including man. We must assume
ﬁh&u ﬂnr su}zsact is 8 d;«mmnic part of the structm e of the
f{ield. . It s just &s impossible to add s truc ture to a field,
as'it..“ is tc ‘make & vhole out of parts, for both represent

the ssme thing.

Having sf:rated our assumption: 7 the primacy of the or-
g;an_:.zeﬁ fi:sla;: ive tm;'n té the -phanqmenon in which we are parti-
cﬁlarl'y inﬁereateé movemenﬁ within the fileld. Wg have al-
reaﬂy experimenta Ly demonstrated that movement in man talkes
p:mce enly when there 13 a gaal { pbenomenalogical) or differen-}4
tial of patential (dynemical). Given a disequilibrated system,
movemant will take place in suchﬂs‘t’ way that ba‘lance’Aand equili-
brium wi}.l be raestabliahada &é .L‘eibnis (1646-1716) stated
it ”chaque chose i‘init toujours par staccomoder a son

milie‘u.“ { 3.9} .

Wauper tuls (1698-1759) studled the paths of moving bodies
from & dynsmlc point of view. In 1740 he presented to the
_ ?aris Academy his famous principle of lsast sctione.

&'aupertuia obsarved that es we pass from any given 1n1tial
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canfigurat;en~cf a syshem,zto~anj glven finai.configuratibn,
ﬁhé &qu!aopé.wpen_the fin&l con£1gurat10n is reached is &
meximun or a minimum. Wack evalﬁatea;ﬁéupert#is* contribution
1n*the following tarmsk‘-”ﬂaugertuis'gave 8 naW'impuISérﬁo
tha ﬁheclcgising bsnt of physics by ennneiatian of his
princiyle of lsast action‘ In the treatise which farmulated
this obscura principla, and which betrayeﬁ in Maugertuis k!
wuaful lack: of mathsmatical ascurscy, the: anthor ﬁeclared his
grinciple to be th _one @hich best accardeﬁ with the wisd&m
of the Graater._ ﬁanpertuis*s principle wouid in all pPOn'
babiliby soon have been forgﬁttan, had Euler (1?97~;785) not
taken up the suggestion« Buler magpanimously left tha prinu’
ciple 1ts name, ﬁaupertuis the glery of the invention, an&
converteﬁ it inta something\new and really servicesble. What
Eaupertuis meant tc convey is very difficult to aseertain.
%hat Euler meant hay be easily shawn by simplie axamples.' ir
a boﬁy is constrained to msve on a- rigid surface, for instance,
on the surfaee of the earth, i will descrlbe whan an impulse
ls 1mparted to it, the ahortest path.between its 1nit1al and
terminal positiens. Any Gther path that might be prescribed

to 1%, would be longer or would require a greater tims." (20)

Hamilton, in 1854, axtended ths principle- of least action
to apply to‘both conaervatihe and non~consarvative syatemsa
His statement was as fcllows (#)t "The time ‘mean of the dif~

ferenca of kinetia and potential enerﬁiea 13 a minimum

1#) As stated by Ae Ge Webster, The Dynamics of Particles,
L@ipzig, Teubner, 1904. 98-99. cf. ¥Yheeler, The Science of
Psychology, Crowell, N. Y. 1929, p. 8l. |
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for the actual path between given configurations as compared
with 1nf1nitely near paths which might be described in the
same time between the same configurat:ions..diature tends to
efqualim the mean pctential and kinetic energies during a

motian "

In 1927 Relser stated the principle as follows: "In
passing from an :e‘_é.riiar to a later stage the sequence t_hrbugh
vhich the ‘systeni passes is such "bhat"- fhe mean or a\irarag;é‘value
~of the difference between t.ha potential and k.tnet:}.o energies
during the interval of time will be a minimum." (22) |

"masé»#grieusf statements of the pminciple of least action
cm;firn;'nﬁz{ Jalgsumgticn tﬁét the w%:r}.d, ie an‘argmizad e‘nergy'v
syét:ém. ; Iﬁ 'wéuld be a atartling and ‘\minteliigible 'B.iscqyery
if sama ona founrl that a gi.ven act 'beok place over the i
_ shox’"fsest rou!;e in tme, when the World ‘a8 an aggregate ef

par‘as; In i‘act shortest route would be meanlngless..— I'c is

beeause mergy systems &re argxmized a,nii's that least action,
shor i:ast route, and potanhial have meani.ng. ?gtential refers
to a &iffereni:ial of energy as & field-&etarmined factor.

No force i‘s mherent in an object. Its ener«*gy is. d.erived
from the ﬁ}eld. As Max Planck points ew:., it is not the
10331 ferce, as in Newtonian mschanics, but. the integ;ral
rorce, that 18 to say, the potential, which enbers the
funﬁement;al eqamtionsf It: is maaninglesa to talk abcut the
atata cf 8 single particle except as that state stands in e

cert:ain relationship wi‘ch the whale aystem of particles. It
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was Bstwald who shcaed that twa ahemicals reacted together
beeause each haﬁ a aiffez-ent yetential. 'I'hus s nhange

took place 1n whieh heai: was given off ami equilibrium
achievad. similarly 1f an electric circuib 15 c.losed,

estab lishing an aleetrieal f‘.’teld, the current will flaw until
the petem;iala ave aquallzed. I.f‘ ths current 1s n:ada to
lzght a bulb or ring a ball, we seo t.he effeet o.’c‘ the elec-v
tramative forca in csne pointz in sgaca and might erroneously
say that the ehange 15 locateﬁ at that po:lnt. However, eatsh |
part af_’ the system is aqually essent;ia J., funetionally, and
the system as a whole worga because it represants an energy

tiifferan‘tia 1.

As Wheeler says, "“’L'here are exceptions to this statement
(19515“!:: ‘aqi;ion}‘,'netab;y int he Tield of optics, which need not
concern us here, where mq#exﬁaﬁt is over the longest route in
tﬁ.mé; - In A;aitvhe_r« event c‘omgz;a te organization. iﬁ a glven |
systeﬁx of energy i.s impliéd, whether '.we are deding with

mexima or minima. Our interest 1n the law rests in this.

assumptien of complete crganizaticn, wi thout which least and

greatest have no significanae," (?9)

V‘«e now proceed bo 8 ‘ahec;ry of spiral movement. It 1s
1nter'esting to note t;hat hha results or the éxperiment and
the asaumptions with which ve 3tarted put cert;a:m demands or
restr':xc bions on our fornm}.atﬁ_an oi‘ a thaory. Om:- thaory must
consider the fielc’t as an crganized un:u: 1n which the suh;;ect;

and field structure sre parts. To start with any other ase
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.sumption would pracluda the passibility of treating the
sub;}aet anc‘i the flel& together S.n th.e seme tarms.

Our theory muat not nonsider spiraling determined within,
or: salely by the walkar. Tha exper iment has demonstrated, that
wind, slops of the gr-cmxd, and i:.ha experimenter's instructions, ‘
nong of frhich can Dé conaiﬁered as properties cf the subjeot,
all yrodme their effect on the sub ject's path. Mgoreover,
nux* theory mu:zt nct be based on the assumption that spiraling
.ia prcﬁucmi by phyaical aaymmetriaa in tha subject.' Sghaelfer
shcwed that a hlinﬂfoldeﬂ subject wouiki drive a car in spirals.
Ph.,rsical asvmmetries woulﬁ have been 1noperat1va under those
condit 19115. Mgreover ” subjects ‘who walked alternately baokward
and forwarﬁ spiraled m the sama way as when i;hey walked con=-
atantly forward. ‘ ?hysical asymmetries would have altéred the
‘form oi‘ the apiral un:lezv the tvfo oonditions had they been the
mmse of syiraling. Ancther limitati.on which we must; obaerve
in . fm*nmlating t:he theary is that apiraling can not be ex=
'plained in terms of specialized organs such as the semicir-
cular canals, because organisms lacking thase sbructures (ameba,
etc.} exhibit spiral movement.» Ngt enly 18 1t impossible to
explain spiraling 111 terma of t}m m'ganiam alone, but 1t is
also 1mpo.gsvﬂ‘>le' ) t"_.““‘_’?’?t f?r, the phe'nomgnon entiraly in terms
offthe" &virénment., Qur resﬁl&_;s 'shéwi kkthgt the seme sub jeot
will inscribe spirals of d.}iffere(:iat .‘s:,i’ze under the seme
condl tion's_qf field §§r319~tur9; ﬂa‘,,i“z;u':?‘;’ whlch!‘ ?vehave attributed
to fa;tigue or other changes wﬁi"bh;i;’a‘ i;he‘subject.. smral move=-
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men‘t must be conaiﬁered as a ehanging spatic~temporal
re]ationahip, charaeteri 3‘55,0 of an 1ntaracti.cn between an
organized field anﬁ an 1nterna}.ly or«ganized paz*b of thai;
field. The condl tion whichg beings about this changed re- |
lationship is a potential difvf‘er.e;:zc’e‘ within ‘iﬁ‘aa fie‘id, with
the moving part one Of the terms and the external field

Stri;g:ctnx{e the other terma

in :{’ormula ting our theory thexiefcé'e, we muéﬁ consiﬁez'
movament as the reault c;f poﬁentiala rat;hax' than as i:he result
of 1oca1 &iscrate ferces. msct*ete forees imyly discrete
pari:.s, whose gresence in the ki 1eld we have shcwn to be an
immssibilﬁe#x? Potentials rapresent en orgmized f toud,
which we heganby assuﬁing é_nd tlﬁa_ri_attemgtad to ,.demonstraté
axzsé rmentally' -.

A fina}. f’act which mm thaory must; embrace is that
motion must oceur in the .H.ns of least asction. Every curva
will represent the shortest mute by which the f jeld poten-
tials could be balanced under'the existing field structure.

lovement occurs in the shortest possible route under the

exi‘sting condi tions }cf field structure. In a homogeneaus

' ﬁalﬁ, oi‘ low potential relative to the movs.ng mrt, spiral
mavemnt wil}. always occur. ‘rhen ﬁhe; differential between
the moving rart and the field is lass (or small) the diameter
of the spiral will be less (or small) and the velosity of the
movement will be slow. When the differential is larger the
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diamater of the qpiz*al ad. the ve}oaity of the moving ob ject
will be graater‘ ‘“69 may postulate that the diameber of the
spiral Wil}. bg proportional to the velocity of the moving
pa:ft;_ This is bechuse time, space and motion ére one con-
f@gurai:iqn, under the field-structwe theory, and one ;‘actoi‘
cénnot _Lbe varied 'without correspondent varia tions in the

0 ﬁzé}és .

S;me it'};{eekey-mord of the theory is fie ld-struc ture,

we will ﬂef?ng _iy'};eifora vxrqc;ee‘éingﬁ, “Field-str'-uc ture 1s

the totality of orgla!nize& ;ﬁ)‘bte:;t;alzgs_br gradients 15 a
dyriamic system. Thé'potmtiala are organized of necessity,
since in the absence of ov‘ganization a dynamio gy stem would
not exista v By gradibnt w we mean. an extended continuum of
ascending or descenaing pn’cant:ial. For example, movement
takes plaee bacausa cm part of 8 fie ld has a low'er potential
than anothsr part.r A gcadient of energy thus exists bntwaen
i;hesa twa points, and movement will occur 5.n the direation
cf ’t;l}e poini; of loweat potential, :from any higher polnt on
the gpadient. R

i’sﬁx&nplea of field struciiuﬁé which were effective in the
experiment on wa Bdng are the goal gradient which was the
most :I.mpartant single factor, wind, sun, ground slopa, sounds

and‘ pb jects.

gfée‘v;ﬁ.ll_aow consider our th‘eory In two ways. We will
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show fi.rst that it 1s deducible rx-am our original assumptian,

and gecond;: that it applies to om* experimental results.

To demcn&trata thst the explanation of spiralmeve:n‘ent
which we have offerec‘t is derivable from mm assumption cf
tha crganized i‘ielﬁ we wili.l attempt t;o prov& the impossibility
of movemanta mmr any but the shm‘test reuta in such a field.

hzovemant 13 tha ?eaultant m’:’ 811 the fcz"ces .’m- the field;

Its extent and direction will be rigidly determined by all
of those forsea, so that &,mzan a certain set of fa?ces, only

ona_mevemenh is pcssible., ““his movement woulé. of necess;}.ty

be the most direct movemsnt possibie in that fleld at that
t:lms, for, ‘iff'l"i; wore not, we are Iad directly i:# a seli;? .
contmdictian* Let us assume the actual path.is 1nfmltes~
1ma113r Ionmer than t:he shcrﬁest possible route. Then, either
the incmment of movment occurred without a cause, or else
it 1s pessims for a field to contain farces which ars not
a"pér’c of ite. sincye‘ gauaai:ien ,wﬁfhcut a cause, arﬁ rel}a‘tiog..
_, sh:?.i:v beﬁﬁeen »deﬁai%icnsllj .unrelated t‘h.ingsare impoé‘sible,
we are forced to resect tha possibility of & mcving bad‘y |
follcming a path which is longer than the s‘nortest ronte under
the é,iven comitions.

‘The question may be ralsed, "What aei:erminas whether a
helical spiral, & aigmoid spiral m* a straight line will‘ ba
,the shax*tes’b course between two points. “The apswer to this
quesbion may ba deriveti logically and damons tr*ateé experiw .

menta;}.ly. In each cass we must consider the relation of the
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- goal, or posi tion of low pvoteni:;;&l s to the fjeld as =& ?;hoie.
it thé exsarimental instructiohs fall ta establish a &ei’inite‘
pcint toward which the mﬁvanent is to be dlrected, ~and mersly
‘_g}ives a method ﬁf walking, the goal bacomaa genera lized, and

might be deacribed as “away fram hﬁ!"&"o; This type of goal
;extends 360 éegrees arcund— the sub;;eet, 'Evary point in the

f‘iem has a luwer pctential t.hm the sub;}eet*s present
Ijocaﬁé.onv. The farther from the pre sent lmation, the ’lewez'
the‘péteivitiah in__all d-ir{eg’cions. Since the fleld is thusf
hom'ogafxeeué’and, up to ‘now, we have prsmppased an irifinite
mmber of passibilities ci' dirsction, how 1s ﬁ‘. thet ths subject
moves only in ons ﬁirection, namely, that of a helicoid spiral?
It wou.tdvbe; sheer mystieism to assuma that ’the organian takes |
the helicoid path in virtue of his own independent "fiaﬁ.“‘ )
We have assured & dynamic ralation between the orgsnism and
11;3 env‘ironmentﬁi The twa canstitut}e 8 unit. Whai;, in the
n&ture of ' the whole, in this casa, explains ’che gpiral path?
we must assume i;he explanation in an assumed fmdamental char-
acteristic ai‘ space—time-energy conf:xgurations. Accarding
bo Eﬁdington, "There are certain cwrves which can be demned
on a curveﬁ surfaca withrmt refez‘em(a to any frame or sys bem
of par titions, viz:, the gaode:sics tor shortest routes from one
point to 'anci:her. The geodesias ot‘ our ourves space-tima
supply the natural tracta which partm}ss pursue ir they are
undisturbad.y We observe a planet Wand\ering around the sun
in an eyllj.ptic_orbit},. A little ccnpideration vill s‘now
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?;.hk;at;vlf we add a f'ourth"dimensipn (time}), a continual méving
on m the time dimension draws out the ellipse into a helix.
Why dqea the planet take this spiral track ihs tead of going
a~tziaj.;ght?~ It is because it is following the shortest track:
anﬂ_in tbe yaiétorted geometry of the curved region areﬁﬁd the
Sun',. tbe‘ spirel track is shorter than any other between the
sane poinm“ (9, p. 124-5)

?hus, in the absencs nf’a specific goal, and becausebsi:acea
time Jits;s“if‘ is curved ~- structured under laws of dynamvidé
(.l'eaisij;' action) =-a path, otler things being equal, will, under
the 's.imple_st condition, be a spirals. Any other route prééuées
"friction." 1In the case of human beings, any other r‘oi;te,

requires more effort.

Our next problem is to explain the sigmoid spiral,
A signoid spiral path indicates & more specifically lecatad
goal, ~one toward which a sub ject cen at least point ami 887
“there it 1s." 1In all probability, he vill baylnccrrent _ |
in his goal localization if his course to the gal is a sig* :
moid spfmal, for this pati:arn of movement sppe ars when the |
goal'is an area wilth respect to the subject. It has been
e):p'arimentally demons trated that the @ize of the area is
a fufzétion of the subject's distance from the goals Iﬁaﬁeavar,-»
the éize of the waves, which a sub_ject fraees, mereaaeé‘
with his dlstsnce from the goal. Thus, the extent of ths fluc-
ma‘tibns ins signoicl spiml course 1s proportiomal to the
appai'éht size of the goal. Dynamically we may assume tmt, |
with indefiniteness of the goal, the sub ject will take a curved
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path in the general direetién“ Gf the goal-area, but, ’_ﬁh&ing
shorf;ly, that he is heading away, he curves back. So iong as
the cux've doea not take him beyon& his eercr of 1oca1ization

he - is sat.isfied that ha 13 ap;moaching 11:, thua he conﬁinues

an his cur*ved path whmh takea him, eventually to a point

‘where, ‘although poorly 1ocalizsd the postﬁien of the goal,
'r;evlg_tivg to -his direction, informa him that he is aga:n e
headed away from it ggain;» ‘He éﬁ'#es back. In thls way, the
errar of localization, that is‘; tsm area of the goal, conditions
the amplitude of the ‘'signoid spiral, .

A straight path is traced only when the field is 'highly
stz'uctured with respect to the subject and the goal 15 a
pcint.‘ This situaticn can cbtain nnly when tbe fiald 13
sharp},y structured gr*adient«wise, anﬁ the goal 1s at one end

of the gaﬁient. A blindfolded subject is unable to walk in
straight line because neithev of these requisites is- satis-
fied. In :E‘act under normal con&itiens a straight cmn'ae is
a rarity. As one walks about a bullding and on the skreet
hﬁi’s course is usually a signoid spiral, unless he &t_tgsmpts

conaclously to walk in a straight line.

A further guestion may be raised concerning these facts.
k‘iow 13 it that & saplral movement is shorter than a straighh
line undez' any conditions? The anawer can be givan anly in
terms} of fisld structure, The :f'om ‘of the path ia aepenﬁent
’ovn ’{‘;hé_’amount of eﬁergy involved end 1ts direction. In a
hmnbganamsly structured f‘ield“, it requires less anergy.to‘

walk, drive a car or swim in soirals than to attempt to ap~
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‘Dot a point under these conditions. Expenditure of energy
wcumrbgvxieqnire& to :reau‘ca this area in size. Byt in & homo-
geneous, unobstructed field, the movi ng body takes the" shor test
- route in time. Therefore, it does not expend unnecessary
ane’ﬁ@ in reducing the srea of the gosl in a single point;‘
Furiher, when circumstances raise the potenﬁial o:f‘ the moving
objéct relative to the homogeneous field, the object will cir-
epﬁa’scriba a la'rger Spirail. Tor if the ‘energy is aveilab}.m ,

it w;ii‘ be expén@gdp in the most direct fashion. A helpful
analbgy may be found in thé ax‘ainpla of a-"person"'sw:inglng a
.weight;, i"m horizont&l circles, onthe end of & stringe

T}:ms ii’ very little energy 1s used, tha diameter of the
air-cular path will be relatively small; if more energy 1a
.‘?‘3.8&*, t;‘ha; size of ths arc _imregs‘e’s, Simllarly, as a sub=
Jjeect wail;g faate'iv, the size éf the arcs whicﬁ he 1nsr_:r~1bés‘

increases,

"'navid Burns gives us another example of spiral m&v_émnt
, a.n‘hia book "Introduction to Biophysics" (5). oy thin »‘
‘t;ésb tu‘be very often cracks in a spiz*al:way; +The more homoe=
: genaous anc'i 1sotrop1c be the glaas, the mm"a aven and x‘egulax'
wi.ll be the spiral. That is » the crao}c tenﬁs to follew

| the shortast course on the surface of the tube between the
'poinf; of mig.’m of the crack and the point diematrically
opposite..a _ring‘ forma'ciqn, Generalw, however, t:he rmg

windsy‘ into a helicoid form and is continued.
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Burna* statanant tint, "The more homogeneous and 1setropic
be bhe gla ss, the more even and regular will be the spiral®
is in _,piex-if_e‘ct_hamsny with our results on wa :&:ﬂ;ng, in iu{hieh
7‘,_".*".‘?’.9’?‘,' ‘appara;zt that the mar§ homdgenaaus the fiel&;' the more
regular the subjectts spiral. Our axperimantal results bear
m’zi};{’ é'ur;general theary. On the basis of this t.haory we
W};_)};id"pﬁé@ic}; thet minor fluctuations in field cord i‘bions
\_?O.uvld’v‘(‘:gﬁgej‘ the path of the subject to waver or become |
s1ightly modified, but they would not obliterate the general
‘fdx%m‘ of the path. This turned out to be the case. I]f' 8-
‘subject feels the sunts rays, or is buffetted by a sty
| iéiria‘;fbrv:.s aware of disturbing influences, his path will
lose its reg(zlarity but not its me jor charaetarisﬁe of fem,“
If tha subject maintains eonalﬁerabla tension as he walks,
t;he ‘complexity of field s tructure is relgtivaly diminiahed.
A gra&ter dif ferential of potential is required to disturb
hia course when he walks under _t‘ensipn. . Thus instruet_;lbzis‘
to;mé;i‘gtain tension while waflking zroduca& smoother paths in
B_z}é% of the ‘qaaga ‘ step—-an&;rest- wa Icing vincr;s'asaa the éi‘ze:,
Of"i;ﬁ‘e" spirals over congtant walking. Inbraspeetions ine
dicate thst the former type of movemeht permitted a mare '
stable fleld struc ture than the latter . (WR.): "When i
pausé between steps, my en'?iror}ment seems to be more ‘ét&ﬁie,
but more definitely .visu'a lized. When I mek e continuéus move=
men’l;,I can visualize the field less well, There is iéés
stﬁu&tﬁrization of the field," Fluctuati_ons in direction
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were more frequent and erratie. in chlldren than in adult:s,

The field was very unsta’bly structured for tha children.

Wmd fluctuatinns took place wiﬁaout any apparenis objeetive
ce_m‘ae.‘ ,A,wm’e arc would be L}ix}tez*rupige.& by & andden aharp tm:*n.
All c;f these facts indicate tmt under the ;si:ﬁplas%if.“.‘;‘é'ld;”
stmg.i;tre_,"g ,a;bje;ét‘:‘ will f;i}llew a regular course and that

as the field structure becomes more complex or more unstable,

t:he ‘sub ject's course will lose 1its regularity.

one important conclusion of the experiment is tﬁaﬁ the
mora c‘{eﬁniﬁe the goal, other things being equa 1, t’ne more

*direct the course to :H;« "‘I‘his might be stated as a oerollary

af the theory qs well as a conclusion of the experiment, B
bec&usa not only was ‘this statement demenatrated in 100% |

of the results but it ofi'ers a verificatiou and anlargemerxt

of ﬁw tmory under consideration. It states that the shortest
posm.bla route whicsh a mwing body can fbllcw is a fuaction o
of the ‘expanse of the gal tovard whiah “the motion 1s‘diracted.
Tha ‘rféaaan for this is zhat._th‘a more definite the "gaal,;’the
mo:*é ’éiz'ect the resolution of difrerential betwaen it and the
fialc‘i, or. to express the same thing in anstber way, ‘the
shat*pez* the goal gradient., Thus we can expﬂ?esa the straight-
ness of the path in terms of energy i;zvuived, The straightf-

ness of the route leading to the goal, is mroportional j_a_a_ the

energy expended in that direction. This is borne out in two

waya,. _ The arcs clrcmnscriheﬁ by repidly moving cbjeei;s in

a homogenecus fleld are of a mm‘a gradual curvature, that is,
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“straxghter“ than those circumscribed by slow:ly moving objeets.
Also, abﬁeats moving in a straight line toward a goal az*e ox=
pending ell of their emergy at high potential tovard thefr
remote end. Thus the two cases, circular movement a‘nd ‘straighte

line movement, are brought under the same general prineciple.

OQur theory therefore predicts that, if 8 moving object
accelerates in a-' hcmoganeaus field, 1ts pathwill be a’sp‘ixfa}_‘,

of ,éécreasing e&v?a”tmza* Since we have postulated that thé |
.beu?va‘tzira will be proportional to the velocity, we -c"an 1#%6!110&
that ths spiral will be 3.0garithmic. This 'a‘dtually turns

| aut o' be the case. Subjects instrueted to accelerate thair
apeed, starting at the rate of one step in two seconds, until
they were rmming at top speed (under blindfolded g:mn;di.’tion)
traﬂéd Jlogarithmic spirals of astonishing regularity. (See

Plate V.)

If the gosl isan area, energy will not be directed toward
eny single pert of it, but toward maintaining & cons tant'. re=
lationship with the total area. If the goall 1s & poixii;‘;. gll
of the gnérgy will *flow?® hdward it in a étz?aighbi line . A
phyéical kparallel helps to understend the point. Suppose that
a onewbillion-ga}_ lon—-a-dag rivar is one mile miée at a certain
po:i;;t, The water will be very shallow and will probably i‘lcsw
-slawiy. Let us supposs that’. at another point the river is.
£1fty foot wide. Thers the waber will be deep and will
” | £1ow ;fapmly.; -Furthermore, at the mile~wlde-point the river
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wili, othsr things being ecmalg follow a winding couwr ae »
whs.le at the mrrowa:* point ﬁze comentrateé force of the

water would soon make & etraighi. channel.

A simﬂar aituat:ion, dynamica iy, can be auplioated
in human héhaviom ‘Let the gca.l cf the aubaaet be a ball
ringing at a tlistanee of 56 faet, 50 that; 1ts lacalization
is ;g:;differentigted. ‘This means that the gaal is an axtam: _
'ccsm?es'pnn&ing to t:‘he error ai" 1ocalizatian. Wyen the subject
walka tawara fshia ball, his path resamblaa he winding of the
river at s.ts wida puinh. ms he apgroaahes tha bell, tha sound
pecamgg more ‘_vint;;e;_:,‘s‘e‘ _qnd;. mare definitely J.aoal:.zaé.._ He is
p;b;’.éft’;’ej direwoi;‘:;a_ v"gﬁ;'égté:} gxfgpmtion of hié energy in 1ts
| gi;ﬁé#z'éi‘_:jeqt‘ipn and hﬁ.s path as & msuit more nearly approxi-

mates a straight line. (See Plate XII)
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Gaﬁclusiona:

‘l‘ha flrst ana most ganaral eanaluas.on of this study
15 that a ﬁ‘ynamic, wganimiu __&moach to the study of

- human bahavim, g_._g lustified and valua‘ble.

N ’@ia beliava t.hat this 15 tmm because &1l nature appears to
exhibit thé aharacteriatiea of ﬂ'ynamie s‘yatems. Modarn
reseamh in Ghemistry, Bialegy, Physics, Astroncmy and
,Psyeho}.ngy af‘fer new aviﬂance da.il;r 1ndiaating that nature
is e single, organisea system of energy. Any phase of
mme shaum be studied, therefcra, in terms of this o=
»ganiﬂamm. It wanm be absurd to stndy some problem in
terma of um.ts which did not apply, such ag measuring volta
m terma ‘of:’ squere ;i‘sfat or water ressure in terms of hours.
It i‘a ‘emally'uselesjé qtso attempt to understsnd and mter'pret
namre in tarma of units and concepts which are inapplicable.
The presen‘b study has attempted to deal with one aspect of
"nature in t;er_ms which have been demonstrated to be appli-
aabla and bherefére useful in many phases of a-oiiencev. The
reaulta vf the s’cudy :Lnd'lcate that thﬁ.s approach is appli-—
cable m the phese af nature under investigatﬁ.cn.

' The éynemic organismic spproach has enabled us to make

pra'd:tc tiéns regardinﬁ mcvemenﬁ' *I'he maj&*iky ‘61’ fhe 'xy'a.sults

af the experiment were predicted befcra the reaults were _
"obtained. In those mstames in which 1naccw:~ate pmdictione

were mda, the error was &iscowred 1ater o be due to aome
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fauter trat had besn cverlaokad or ‘had not bean, seen in 1ts
',praper re}a tionshig to the whola problem.

Insofaz* as we ara able ta preéts.ct the nature of move~
ments, we s}:mxld he able, i‘.haoretically, to prddicb all be=
havior, aince all bahavicf is movement. Aetually, this goal
of preﬂia‘aian is m mos'c aaaaa uf' behavior as yot Mpossible,
becausa 1n anzf pavtimlar case, our know]e dge of field con-
ﬂitiom& is linited and also baaause at p* esent our knowledge.
is zésjlatj,vely gqagrg;._afﬂ' ngaﬁ;fflerantiatad‘ with respect to rela-
tivistic dynemics. However, the fact that in a simple csse we
éra;:g!bié‘f@m.pr?edib.,‘i;;with! some ‘aﬁ,cmiaoy may both encourage us end

atréhé}ﬁiﬁéﬁ our ,aniaep'ee Iinlthe;,meﬂmds ,‘:employed.

The g_gnamic '____ganismic &pgx aaoh e s enabled us o

ccmi:ml behavior. Inao far as we are ab}.e to prédiei:, vie

een can‘arolbolnvior in px'opox'tion to. the extent of our
abi l&ty t:o eom:rol field camz,tions. For example, we can’
prads.ct thah a subjeotz will walk in a stralghter path 100%
of bha tima, i the only factor which is varied is tho

ms tx'ucision to walk fastem By ins tructing him to walk

faster we can mntrol the fam of his behavior, ,‘

, Mare specifieany, ﬂi' we place a human [+ eing 1n a
homagenaaua fiald we cen pc*ed:lct that:, other things baing
equal, ha will mmra fm e spiral whaae diameter varies

da.recmy with his verlocity- | ’s“:‘a,eap predict that when he
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nm#eé i’zi*a 'fia ld, atrimture& gradﬁientuwise, i‘hat 15 » With &

| pomt as a gcml, he will apmoximate a atraighh 11:19 mavemenﬁ
tward the gaa&, . Wa c.an ;redic-t thai:, ir the goal is en
extant, smaller than the f:te m ’ his :gat:h w:lll apprmcinate & penw
ﬂular wave-l:l.ke aaurse whaea tota}. amplitude mrreaponds ‘i:o the
armr of lcmalizing tha gml. Ve can prediat t}:mﬁ, when t:he
mavemmt: aacelerat;as s ’che pathw 111 ap;moximate a 1ogar1thmia ‘
spiral. We can prmlict t?aa‘b ir tha field is not atably struc«-
tured, sm in the case of chi]dren, dlraction af ‘the path will, be
more variable. Furthermare, in terms of our theary we cen under-

stand how a1l of this shonld ocour.

‘%e belisve that the dynamic app:-oach to the study of
behavicr ia jusmﬁeﬁ ainca :‘Us raduaes al]. behaviw to common
terms. ‘ Eﬁiaﬂzkingg mavemem; ’ bodily tansion, goals, mn eta. » all \
Kbeaame i‘acstors .‘m 8 singla fﬂ.emg Thua we are 3ustified in using
them and aonamerlng them mgetheﬁ. To extend tha sam pr*inn 1ple
| tme atep ﬁmthar, b*y conaida’ring beﬁaviow ﬁynaniaa ny we are
juatif.ied 1n re&ucing i to the seme berma a8 our dynamio en-.
vimnmenﬁ, ami t;reahing human activity in the same manner as .
phyaical am‘:ivity. !5'5@ know ’shat t:ha physical world does affee*b

paople,. thus ‘bhare must be some eammOnbasis on which boﬁh fune.tion.

For all of‘ t;heae reasons we believe tm&: a dynamie, or~

ganismic approach to the stu&y of human behavior is ;}ustified.

The results of the experiments herein reported indicate

the fo 1lowing cone lusions v
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ls ii&@vemenﬁ ‘ta‘i_sies pla"ca_ only when. ?3.1?5"‘.9 .are}pptantﬂgls‘ m a
fiem; “ Movement 1s the means by whim “t}&‘alaé potem:iais are
balanced.

, 2_;." Mamen‘a waurs in the shor test possible route under the

‘exisﬁing comitions of field strustwe.
‘8¢ Tpe more definite the gpal s other things being equal,
~ the mare direct the course to 1. |
.Abi The ,aktrai\'ghﬁmga' of the route leadingto; the goal
| is proportional to the ensrgy e:ﬁpeﬁd,’ed in that direction.

The goal is an srea whosa si:aa vars.ea in direct proportion
to bl‘m subjectts dls tanca away i‘mm 1&:. | ;
avy Under these cond itions, the geagramm dei‘initaness
& of the gaal variea 1mmmely with its siza:

vé».' All of our 51 blindfoldad hum&n mbjects walk in api'cal
patha, 'rhe spzral may hava any 01' the modes of a helical apiral.
,tsircla, he 1ix, o o sigmoifi apiralq The size of *t:hs spﬂral varies
Lin differeut indiviﬁaals and in the aame inﬂividml at &ﬁ‘farenb
timas arﬁ unc’ter aifferent aondﬂ.ti.ons.
gg ﬁ‘he langar the subjem walks und ex :’mstructions to
| ‘move at: a canstant x’ate » ﬁhe smaller the spiral tends
to beaome. | :
bes The smallast gpirals wex'e obta ined when subjecta walked
slowly, velaxed and indiffarentto the -direation of
~thelr movementa in 1 hamogenaous field.
~ ©Gs The lergest spirals were obtained when mzbjecta at- ;
‘tempted to walk in a straﬂ.ghb line, rapidly and under |
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tenaﬁ.an.
Be ‘I’he sizs ﬁf t‘.ha spiral 18 genarally proportional to the
spsad, Qfa‘walking.

6. Constant aceseleration prodtces & ourve which olosely

& proxima tes. éfldgér;&thmié, spiral..

e ‘f.t ia possibla *:.o raawn lcgically from ons i‘om of spiral »
mavament im amtmr assumi.ng eertain ohangea in fleld conditions.
In e. homaganewa fie:id ; with no definitaly sbruotured goal, the
p&th ig & heliaal a;;airal. As the goal becomea stmctured in the’ '
'1’5.5 1::1 ’ tha helieaid ahifta to a aigmoid which straightena out as
tha gaal 13 appraached. - This fiald is ifdependent 1y structured
graﬁien’c»ﬁ.se, the gradient f:erminat;ing as the goal areas When

' thia gual ama reéucaa toward a. poinb tha fleld struc ture beoomes
mfme sharply fcx-med gmdﬂ.wtwiaa end the path &pm'oximates a
stmight lma.

8@ m paths traced by eubjeets under tenaion were smoother
1. eu, more reae;ular than thoaa tracsd by the same sub;;ects under
relaxaw.on, m 82.5% of the casese | |

'I%a V@rmcla ang]s af the mbjeet*s body influences the
1ength of hia path par unit af time, ‘and the cm:'vaimra of
‘bh@ pﬁ.'th

‘I’mre was no xmrkad Mndmey fur tha subjeet to spiral
’co tm righi: rathex- than tu tha E‘t, or viea versa.

11. Lengt;h of stride mareassa wiﬁm the speed of walks.ng. under
aonditl.ona of both tensionand relaxation.
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The fellowing mtx"aspeetiona are offereﬁ with the
balmf tha% t:hey are Just as va.hmble, 1mportm’s and relevant
88 an;; ather- -‘bypavofwaatac The evaluatien of inﬁrospections
has g»:me from ane axﬁx-eme 1;0 %;m other in the history of‘
ps}rd’xology‘ Wa ﬁisagx-aa wi%h bo’ah those who believe t}nt
1n‘am smetion :!;a tha best way or gaining an understanding
of he mina, and wibh izhoae who evaluate intstpectian as
suparfluoua and unseiant&f.s.c; The middle cowse seems pree

f‘erablm ann far as mtrospaction rs?x‘esen‘bs a sub ject*
"reaction tm his envimanment md ia treated as his description
of his exgsriams it haa : definiﬁe acientifm meri*:.. Ina‘cead-
of attampting 'ba answer critieisms we will demonatrate thab
the ua@ of 1ntraepec*aﬁ,an s.s juatifieﬁ in a dynmnie study of

humag : be}:;avi.or .

A dynam;l.c theory implias a mon}.sm. No materialiabiu-
idealistie cm» mmduboﬁy ﬁistinc’cion is balieved i;cs existﬁ
ch pm:‘ely daacriptive pux'pases we sanetimea apeac of mind“
emd "bm&y“, the former ta mean ‘bhat actlvity whose result:anb
alone we can aea, and 'cha lattsr to mean ‘sha ex’aenﬁed 1nﬁividual

| fu:-m., Hcmevew, 1::' mind“ can. affect “body" or vice yorsa

they bobh mus‘u ba mrts caf a single cmfi@mation. . If this is
trua, the sane hws and pahenhials aat on eaahu Each 15 a part;
of an ener‘gy system. As 1ong as wa &ecept data fr'om cne part
of & s;s's tem, we must accept it from anather. T}ma aa 1ong

as we accgpt bha mea auremen’c af a mle:r, or tha defleati.on
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oi? 8 wl%mmaw we must laceept mtrospective material, In-
trosyectiom m field deﬁarmined juat as muwh as the Woltmeter
reading and 1ﬁ 15 as va ua 88 bhe mler reading; for Hhe purpose
spfsci fiz.ed, m@ ezaent expetvimenters may obtein diverse answers
from the rular‘,!‘ am &ifferent stib jeota may give different intro-‘
’spesctiona fcllming ‘ahe sama expeﬂienoac Insofar as the experl-
meammx'a an& sub jecta acewamw daaeribs thelr exparienues, the ir
resul’é;a am valid‘: Each tells whai: he experilences under the

‘ am, sting amdi t;i ons.

%ﬁ‘fac% gg mﬂ.nd;

i;owf::?d a eix'ele at all,

Efi‘eob of tfmsion and walkizm ragidlx. |

BR "When “I*m Lense Zt bzc*y ta Pight overything. It is verfr
mrmoult not bo try to g0 straight " o
BR,‘ "V“l o1 I walk fastar, X notica a much greater tandency

to tenae up. ' QInstruetions were 'bcs walk rapidly, but relaxed)

vm. %3 kmow that I'm going in oireles but I'm going in the
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wey that tekes the least effort."

BB. "I couldn!t relax vhen I dld that." '(Imtmc;t&ons were
to walk vapidly, but relaxec‘t)

RH. "?ensing the ‘body tands ‘to meke you ga in a straight line
ainc@ :u: atz*uatm-es tm field.

‘Iha fwllowmg intr»ospaction was written :Ln answer ta
the Quasm on, ‘*Whafs is ‘the ﬂifference between walking tense
and wal&ing relaxecﬁ at the rate of one stap avery elght ticks
of the ,Jzza{;uh.'g“‘-w'

“s’?han I was relaxed Ibeda hard time to keep my ba:lancm
I had n,a partiaular goal, anﬁ had mstructiona to walk as
rel&xad as Qassi'ble. 1 meﬂely let myself go and worrie& only
abcut the wai;ah that regalated my caﬁance.v The only thingﬁ
‘that»' made walking diffieult wag tm wing «

When I walkad ag rigidly as }:wsaible I mvex‘ thaught
about keeping m:y balanca..f My musalea hurt some artar I
had walked a wb.il!auZ Savaral times I caughi: myaeli‘ forgetting
ta caunt tha tlcks of the watch trat regula ted my ‘cadence.

I was, re&ieveé whan I wasg instructed to 8 topa™"

The following introspections describe relaxed and ténse
wa,ﬂtiﬁg at different gﬁ‘aé@s}
bnév, "sf;ép per g_ ‘secand’s,‘v re?la‘xed. =

WR. "Was conscious of tuming to the left, otherwlse field
was homogeneous.” (Subject traced 3 spirals with 54 feet =
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‘average diameter)

PTy VI faund that ther'e was more sid owise deviation than
wihh bhe fastax* spaed.a. '.l?hare was a dei‘inita awarenssss af

the exterml stimulus fiald, the steps eaeh baing determined
| by tha eaaﬁ.sst ?&tha I found that t;hera was a nhange in tha :
stmtwe of *‘ha figure;; One time the ‘cielm of the wa‘cch would
pr*adomina ke fo»r a feow seeonda, then the wa Iking soundq of the ‘
expammemer would m'edomi"xate, then the aound of a car woulﬂ.
anpear, men I would thinlk meut ‘some outside unrelated inai-u“
dent faz* a few saaemis. Qecaaionally I woum become awareof
a par*aicularly diffioult. choiw of whera te put my fodi: down. }
’I?his woulc‘i oceur ii‘ I tx'ied, to go oppasite to the easl st ple.ae.
’l’here saemed to be more righ’c and left; <’*eviaticms than under
faster speeds. (Su};jeﬁt tracad 2 eircl«as whose average oir'cum-

farama was 524 foot)

‘Gna step per two seeonda, tense,

WRe T tensad my arma, shouldera, ‘hands, end back I arepi:
forwarﬁ, as if sgring,ing at some ob,ject. The fleld was more
struc t:m*ea.- Hagd & tendancy to viaua Hre surrounaings, even |
in . cclor. Naisaa would 1ntensi:€y the structurﬁ.zauon, but made
Inc al f:erexwa in orien’catl oms At ths end, I felt the whole ‘
patt;arn raady to *break over' intc ahii'e ta bhe rig,h{:.
(&b;;ect tracad 1 1/2‘: czrclas v:heae average ciroumference was
272 feet) |
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!l‘ ”Mmh as tha o‘bher tensa aonﬁitions, but found it
8. little differant than mthera in that atlmulus fiel& would
figure occas&mally; nct as mueh as in a relamcl conﬁitiom
Felt that there waa more right and left deviation than unﬂer
amnditicns of ane amp every seacnd or half aaoonﬁ, yet not |
as mwh as unﬁar rélaxeﬁ. R 3“*?3?‘_’3. traced :;x,;/alabiralg,with

4:6'? ;fea& the _wera ge. eizfmmfex'enee)

Qne g_jggg ;3_* saaand, relaxaﬁ. ‘

P, ’*I notica& tmt undar tha ralaxad acndition there waa

a muah g:*aater awarenasa af ﬁurning. I waa aware in each

ease of just letting my foa‘b dwn where it waa the aasiest;
’chia of%:entimea :z knew waa out of 1ine wibh my pmvioua x,abh,,
_qit;@ni:u ;he. ;fighﬁ o;v ,lertp,‘ : had no awargness of t.;ze ganaral*
path, exem for these deviations. I did mot think at any time
of cam;mas dimct&ons was completely disoriented thx*ougbaut al].“
of the experimant as to direc‘cional m\ientation.‘ Did I have
?mh@,am left mrianhgt&.an,_ {Sub,jem‘; cix'cle of '15'? faet air-

oumference)

One shep per ssecfmd tanse.

R VR ’ "‘.{ threw all of my anergy into h\mling mysali‘ fox*ward. |
C{‘he ﬁ.e}d was more st;abls,‘ struatm'ed gcaal Mad. ?ust‘ura |
banﬁ baekwarﬁ, head 'chrovm back 88 thaugh lenking upward,
long sﬁepae‘ Bverything seemed palnteﬂ &heaa. ‘Diad no’c Imow
I was go.’mg straight ahead." (I’ath was acmall;y a ver‘f wide
arc,) (dubjeat tmced apiral of ’76.9 fee%; eircumferenca)
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PT' ‘ "“mwn I tanaed, I elanched my fis‘ba, raised my. ahoulders
.and ma.de my legs stif'f. I also ‘breat;hed deeply. . I triad to
fmmgine that I was intensaly angry. ‘I was not aware for the
;mast pari; of any ﬁeviaticm in my path, fmm rigm; tn 1a£‘t: er
vice versa. I thought that I was walking in a mh atrai ghter

pta*t:h than unaexv ralaxat:!.fm.  There was no awarens s of arientation.

(Sub;;ect made 3,3 spirals of 156.4 feet average cireumference.)

Oné step per & second, relaxed.

WRa . "The f£ield was sitruqtﬁred‘ homo geneously for the ‘n\ms»tv part.
There was no directional arientstion. At brief intervals I felt -
as_; though I swerved to the 1eft;k Had a feeiing of being drawn

to the 1oft. But most of the time I seemed tobe golng straight -
shead. Once a gust of wind affected me for alut 10 secbxids;

andI feléu myself automatically turning into the wind, to the
rights :It was na:t';- voluntary." (Subject made a 1&:359 circle

with & cirounfererice of 2402 feet.)

PP "I was again aware of sidewise deviations; the field seemed
,blooked in certain directlons, e+ g.y to the left, and as a
ccnaeqwanca I would teke the next step tc the right. If I tried
to steg to the 1e£‘b unger t;his oonds.tian, ‘I, fourd a large amount ,
of musaular pulling tn the otmr direct»ion, 80 that if I stepped
to the o ft I was off balanae. It was much easiez' ta stap to the
'righﬁ‘ It was &s it someons was ;puahing me i‘x'om the b ft s&de.

I bad no diraction (compasa) criantation." (Subject made 2 1/3

| apirala whose average cﬁ.rmszer‘ance was 240 i‘ae‘a.)
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One step per % sewnd, tense.

WRe ”Felt hemmed in. My whola postural set pa tterned ag if
aarrying a heavy 10&6.. Walked wi ta arms, maulders, baak and
hga tm se, on tiptaa, like a hovaa pulling -1 heavy load up
h;ul. Toolt short steps.” (&;b;}aet mde 8 apirala of 147.8

fao %;._'average clrcumference. )

PTe ":i'hara sedmed to be less right end left deviatiqn than
wnen 1 walkéd m»}axad. I saemed to be gomg in e straight
lina, ‘wb did not mrtioulax*ly think abaub ax*ient;ation w path.
Seemed i:o be consumed by aands.tian of tensem 88, External
fiam was tctally greund, body tons anl tenseness was the 1 |
figur_e in experience." (Su‘bject traced one large spiral whcaa

oircumferamé was 684‘1'%*;}

Aaeelaratad walkmg.

VR “.ﬁ,s 1 accelsrated I eould faal compulsion to stmighten
aut- | ‘1?1:1&‘ field tended to structure, ,and I tried to visuwalize |
‘t:hs“_g;oai‘am&u At times i’-eli?., inhibdked by fear of cra»émrig into
the wire." -

PTe "At slow speed felt awareness of’atimulua field angd right
and 1@&'1; fieviationg. As I speeded up, seemed to have a;‘\/goabl
before me, directly in front. Folt that latbter helf af”mh

was vez-;v stralght, but thare waa no effort to make it so‘ Can— .

uentrabed on speed. In ‘the 1last balf.‘ » speed oocupied tha figure.
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Several aubjac‘t:s had the axperience of auddenly feeling
tha’i; the*y were 1031:. ?c‘. had been walking in a 'lerge 8r'c.
Suddenly m maae a Ghange af' diz-ectian and . t:hen a very Small
mirele.~ &s ha madé his chmge of ﬁirection, he gave & helpless
geatm'a and said, “I‘m lo?stt“ SH.. had a similar experience

and said, "Ilva lnst: my '~setﬂ“
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