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CHAPTER I

THE PROBLEM AND ITS SETTINRG
Ae. Introduction

One of the problems which has been predominate in the interest
of psychologists from the beginning of its scieatific inquiry is that
of how organismsv learn. Possibly learning as such extends a greater
challenge to the psychologist than any other phase of human activitye.
As a result of this interest there has been much evidence assembled as
to the behavior of animals snd humans in learning situations; yet “ithls
agreement as to intsrpretation has been reached. The natural gquestion
to raise then is, how does lsarning teke place?

In an attempt to enswer this question, Thorndike long ago,
through his ingenious study of animal behevior, advanced the theory of
learning by trial and accidental successe In describing one of his

caet!'s behavior, he says:

It bursts out at once into the activity which instinct and
experience have settled on as suitable reactions to the situatione.
oees» The cne impulse out of many accidental ones which leads o

pleasure, becomes strengthened and stamped in, and the futile impulses
are gradually stamped oute 1

This statement in subsbance accounts for learning by trial,

error, and accidental success operating through the law of effect until

1

EJL. Thorndike, “Animal Intelligence," Psychological Review
Monograph, Vols II (June, 1898), pe 45.
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the right act is firmly estaeblished. It further implies that learning
tekes place graduelly rather than suddenly.

In a more recent publication he meintains somewhet the same
point of view. He says:

This purely associative learning by trial snd success, ‘o respond
in this, that and the other way, is the same in nature from minnow to
malie

Again he says:
What is any given set or attitude or disposition or mind made

out 0f? esse it is that all these are in the last analysis mede out

of connections and readinesses, whereby satisfyingness and annoyingness
are attached to certain events eeee

This theory hed its birth in the experimental laboratory. It
has dominated educetional practices for the past two decadese

Another theory which has arisen as a protest against trial and
error learning is developed by the Gesbtalt school of psychologye It
proposes to explain behavior in terms of insight. It sets up many
criteria of insj;ght. Those which seem clearest and most applicable to
learning are:

&s The suddenness with which an activity is done or with which
e change in benavior takes place.

.l_)_,. The ability to respond to a part in terms of the whole.

Lo The transposition of general properties from one situation

to anothere.

2
E.Le Thorndike, HJumen Learning, p. 166. New York: The Century

Coe, 1931,
3
Ibid., pe 121.
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de The complete discarding or reordering of habitual responses.

Kohler says:

Insight is a complete solution with respect to the whols layout
of the fielde %

Kof fka has no doubt more clearly defined the term in the followe
ing statement:

esess The manipulation of things with reference to their important
material relations can be employed as a criterion of behavior with
insighte. 9

These two writers are the leading exponents of this theory which
had its beginning with the experimental work of Wertheimer in 1912.
They have beldly challenged other theories as to their adequacy for
explaining learning, and especially Thorndike's theorye

fhe leaders of the two schools claim inebility to see cr unders
sband the other's point of view or his approach to the problem of how
learning tekes place.

Koffka s implies that all learning is by insight. It cannot be
used as a supplementary method te trial and error learning, but must
displace it altogether. His understanding of triel and error learning
is that by this method nothing new can be learned. In spoeking of

Thorndike?s animais, he says:

4
Wolfgang Kohler, The Mentality of Apes, p. 198. New York:
Harcourt Brace and Coe, 1920,
]

Kurt Koffke, The Growth of the Mind, p. 217 New York:
Harcourt Brace and Co., 1925.
6

Ibldop PDe 179200,
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The snimal had not the slightest notion why its behavior is
being modified; the whole process, in which the successful acts are
preserved and the unsuccessful acts gradually eliminated, is purely
mechanicale. This is the principle of trial and errore. 7

According to Koffka the animel is engaging in a set of blind

acts which ocan never account for learning.
Wheeler maintains even & sbtronger positione. He says:

seee The child should be sble perfectly and easily to solve
each new problem the first time it is attacked. When he must resort
to trial and error and random procedure, it is evident he is not
ready for the problem. 8

On the other hand Thorndike is egually &s sure of the position

which he maintains. He says:

I reed the fzcts which psychologists report about adjustment,
configurations, drives, integration, purposes, tensions, and the like,
and all of these facts seem to me reducible so far as concerns their
powers to iniluence the course of thought or feeling or action, te
connections and readinesses. Learning is conunecting. The mind is

mants connecting system. Purposes ere a&s mechanical in their nature
and action as snything else is.

Agein he says:
I cannot give evidence for or against the alleged physiological
configurations or discuss their usefulness. For 1 cannot imagine at

all clearly what they are supposed to be. 10

The students of psychology are naturally stimlated to raise

such questions as the following: Can learning benavior be expleined

7
Kurt Koffka, ope cite, pe 155
8
Ramond Holder Wheeler, Science of Psychology, pe 115 New
York: Thomaes Y. Crowell Co., 1929.
g

Eo.Le Thorndike, Human Learning, p. 122. HNew York: lhe Century

CO-, 1831,
10
Ibido, Po 125.
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by the theory of trial and error alone? Is it possible to explain it
in terms of insight alone? Do animals a&s well as humans exhibit both
types of learning? Are concepts built up by both trial and error and
by insight? And do the previous experiences of the organism in any
way aid in explaining either of these theories?

Turning to the investigation by these two schools one finds the
experimental evidence yielding conflicting results. Some of the most

outstanding ones are set forth in the sumary beslow.
Be Summary of Investigations

Kohlerts experiments with chimpanzees have attracted wide
attention. Believing that animals were capable of solving problems
by insight alone, he in turn set his experiments in keeping with this
principle. He designed his experiments so Thet

oeese The objective, the obstruection and the total field of
possible roundabout routes are in plein sighte 11

The animal bscame acquainted with the whole situation. Thus he claimed
that an animal placed in a situation such as the one mentioned sbove
was eble Yo epply its knowledge and theréby behave intelligentlye In
describing two of his subjects! behevior, he says:

Ischego first tries to reach the fruit with her heand; of course,
in vain. She then moves back and lies dowm; then she makes another
attempt, only to give it up again. This goes on for more then helf an
hour. Finally she lies down for good, end takes no further interest
in the objective. The stick might be non-existent as far as she is
concerned, although they can hardly escape her attention as they are in

11

Wolfgang Kohler, The Mentality of Apes, pe lle kiew York:
Harcourt Brace and Co., 1925.
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her immediate meighborhood. But now the younger animals, who are dis=
porting themselves oubside in the stockede, begin to teke notice aund
approach the objective graduelly. Svddenly Tschego leaps to her feet,
seizes a stick, and quite adroitly pulls the bananas until they are
within reache. In this menoceuvre she immediately places the stick on
the further side of the bananes. Shs uses first the left arm, then the
right, end froquently changes from one to the othere 12

Again he says:

Eoko was, es usual, fastened to a tree with a collar and chaine.
A thin stick was secretly pushed into his resach; he did not notice it
at first, then he gnawed at it for a minutee When an hour had elapsed,
a banana was laid upon the ground, outside the circle of which his
chain formed a radius, and also beyond his reache &After some useless
attempts to grasp it with his hand, Koko suddenly seized the stick,
which lay about one metre behind him, gazed at his objective, then
again let fall the stick. He then made vigorous efforts to grasp the
objective with his foot, which could reach farther than his hend, owing
to the chain being attached to his neck, and then gave up this method
of approach. JIhen he suddenly took the stick again, and drew the
objective toward him, though very clumsily. 13

Kohler interprets this as learning with insight. On close read-
ing, one is made to wonder if the whole story has been taken into
account. That is, would further anslysis reveal that learning by in=
sight is a type of behavior in which trial and error may play an
important role? Since he suggests that it is not, the desire to find
out should be further eucouraged and stimxlatuc.

Turning now to asnother type of experiment we find that insight
is made the sole basis ior describing behavior.

The purpose or Maier's 1¢ experiments was to learn whsther or

12

Wolfgang Kohler, ope Cite, po 32
13

Ibide, De 34e
14

Norman ReF. Maier, Reasoning in White Rats. Comparative
Psychology Monograph, Vol., VI {May, July, 1929), p. 1O.
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not rats could solve problems without trial end error. He designed
nine experiments, varying the sete-up for each experimente. Since all
were similar, one which was typical of his whole group of experiments
will bs referred to.

A (1). A large table wes divided into halves by & barrier made
of cardboard. The food box was placed on one corner of the table,
directly opposite the starting point of the eanimal, but it could be
entered only afbter scaling the pasteboard wall = going to b at the far
corner of the table, end proceeding from here over & complex rectangular
magze, and finally reaching the food box. The animals were femiliar
with the Ttable and the wall and were taught to run the maze. The table
and maze were then connected. The problem was for the rat, by use of
its previous experiences, to connect the two situations end iind the
wey to foode

Maier cleimed that trial and error and chance have no pér'b in
oxplaining the behavior of the rats in solving this type of problem.
Would further interpretation and analysis of such facts as are given
below provide a place for trial and error also? In describing Rat Ats
behevior, he says:

le A - Around side of cage = back and forth on table near the
cage = at p (50) = A - tries to get around cage (80) - 15 - over wall
at p (100) - directly to box = at b (125 - F (147). 15

In experiment G, the purpose was to determine whether the rat

would use the floor to bridge & gap between itself and food. He

15
Norman Rele Maier, ope cite, pe 1ll.
15a
Humbers in parenthsases indicabte seconds of elapsed time.
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describes Rat C's benavior thus:

Rat C « at cage looks down to floor (45) washes (50) looks
down to flecor - (70) reaches through cage at food with forefoot =
looks down towerd floor (150) climbs on cage (160) digs at paper 16
under cage - trying i get under, bites and pulls at paper (200).
This type of behavior continued 327 seconds before the animal reached
food. Probably there are just reasons for students to wonder if in-
sight is a fundamental type of behevior in which trial and error may

have a subtle part.

Helson / has shown that rats respond to a visual structure;
thus animals trained to go to a certain light B, instead of a less
bright light &, go to lignt “ instead of B when C is brignter than B.
In a geaersal description of s ratis benavior he says:

The rat very quickly learned to go toward the food box and to
try the second box if the first choice is wrong.

Lfhis study gives place to the fact that the animels respond by what

probebly mey be insight, and denies tha®t trial and error heas any pard

in the lesarning.

In e study of insight in e spatial complex Hsaio Hung Hsaio
designed a maze for his ratse It was constructed as follows:

There were paths leading to the food boxe R 1 and R 2 led to
a common pathway and a common door vhich opened into the food box.
R Jea,third path, followed a different route and led to the food box
through a different door. More training was given over R 1 and R 2
than R 3. This was done to build up & strong desire for R 1 and R 2,
The problem wes to discover whether & rat can get insight when two
paths having e common section are closed, that both of these are

16

Norman ReF. Maisr, op. cit., pe 52,
17

Herry Helson, "Insight in Wnite Rats," Journal of Experie
mental Psychology, Vole X {1S27), pp. 388=89.
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useless and that only a third alternative R 3, not in this common
section, leads to food. 18

He concluded that there was little evidence, if eny, of insight present.
Hence triel and error explained the learning.

In an effort to further study insight in the white rat, Tolmean
and Honzik 19 repeated Hseio's experiment with a lerger number of rats,
using an experimental set-up that was the saume in'principle but differ=
ed some in design. That is, the rat had the alternative of a third
route when he found the other two blocked. They stated that in one of
their modifications of Hsaio!s meze there was soms evidence of insignt
but nothing conclusivee. There was no athtempt to study leerning from
the two points of view.

Paul E. Fiolds 20, in a study of the “conmeept" of triangulerity
in the white rat, using a discriminetion apparatus of the Lashley type,
required the animals to react to the shape of the triangle and dise-
regard other figures when presented with it. The change in position
caused & reversal in responses. A miscellaneous arrangement of geo=
metrical design revealed that the rat still responded to triangularity.
From his study he concluded that rats have ability to form concepts

"or to respond to a large number of retinal patterns snd to qualities

18
Hsaio Hung Hsaio, "An Experimental Study of Rat's Insight
¥ithin a Spatial Complex," University of California Publication in
Psychology, Vole IV, No. 4 (1929), pp. 57=77.
1S

E¢Ce Tolmen and C.H. Honzik, "Insight® in Rats," Universit
of Celiforniae Publication in Psychology, Vole IV, No. 4 (1930),
PP 215=32,

20

Peul E. Fields, "The Development of the Concept of Tri-

engularity in the White Rat," Proceedings of the Thirty-Ninth Annual
Meeting of the American Psychological Association (September, 1931),
Ppe 685=E4.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



inherent in them."

This study points out that the rat is capable of a certein kind
of behaviore It emphesizes responding to a detail. It gives no place
to reletionship in the learning or to the types of learning present.

Gengerelli 21 in & study of abstraction in white rats used the
unit adjustable maze. The problem was to discover if rats trained to
go to the left or right in this maze would meke an intelligent choice
when this opening was blocked. That is, if they had been accustomed
to go to the left, would they meke an intelligent choice to the
right or reverse the old habit if the situation demanded it? He cone
cluded that the rat was capable of responses of certein genersalized
neture provided the twe situations presented elements which were similar
to those in which it was previously trained, but he mede no definite
claim for either typs of behaviore

In the studies on concept formetion in humen subje;:ts s the
recent emphasis has been upon what concepts are formed rather than how
they are formede The term "concept” is employed to mean the generalized
idea that we have a2bout things; that is, what do they mean to us? It
is here held that concepts are built up by, and as, we abstract ideas
from our experiences.

Piaget, in his method of personal interview, was eble to ascer
tein what concepts the child had formsd at different ages. As a rssult

of this, he divided the periods of concept formaticn into three steges.

21

Jeds Gengerelli, “Studies in Abstraction with White Rats,"

Journal of Genetic Psychology, Vol. XXXVIII (December, 1930), ppe 171=
202,
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He says:

In the first stage everything is alive and moves. The names
of things ere in the thinge. During the second stage the names of
things are everywhere or novwhere. Anything can feel that moves. In

the third stege, nmmes are regarded as in the voice, then in the
head, and then in the thought itself. 22

Shaffer 23 attempted to discover by the free association method
what concepts children hed of such words as “republic", "govermment",
“society", and others of similar generalized meeninge His study
showed that children did nobt elweys have the correct concept. His
study differed from the problem to be proposed here in that it paid
no attention to how these concepts were formed.

Heidbreder 24, in an experimental study to determine the
rigidity or tlexibility of thinking in college students, used s munber
of geometric figures and miscellaneocus forms arranged on cards. On
each cerd was placed one large figure and two small ones. For
example, the squere had beside it & ";" and "g". ‘The subject was re-
quired to plece one of the small figures in the large one. The
experimenter then announced right or wronge. She concluded that think-
ing was present in various forms in complex situations. These forms
varied in different situations.

This study attempted to find out how, and what kinds of,

thinking took place. The others mentioned were concerned with what

22

Jean Piaget, The Child!s Conception of the World, p. 72.
New York: Harcourt Brace and Co., 1929.
23
LeFe« Shaffer, "Measuring Children's Concepts," Journal of

Educational Psychology, Vole XIX (January, 1928), ppe 41-44.
24

Edna Heidbreder, "An Experimental Study ef Thinking,"
Archives of Psychology, Vol. II, No. 73 (1914), pp. 104=68.
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concepts are formed or what has been lesrned.

The above survey poirts to the magnitude of the issue and the
interest it has attracted. Aside from the writers mentioned above,
others have manifested en interest in the controversy through their
writings. The most noted ones of these are Woodworth 25, Hsaio 26,
Tolman 27, and Ogden 28' However, only one of these, notably Ogden,
has suggested that more experimental evidence is needede.

Hence an enormous field for research awaits the inquisitive
mind. The issue regarding fundamental points of view may be summarigzed

as follows:

a. To the configurationist learning by trial and error does

not existe

_13. To Thorndike learning is a process of forming connections
in simple and complex situsations by the trial and error processe

Ce In the studies on concept formation the interest has been
centered around the study of what concepts have been formed rather then
how they are formed. Humans and animals have been used as subjects for

experimentation by both schools. But there has not been a deliberate

attempt to approach the issue experimentelly in order to discover to

25

ReSe Woodworth, Contemporary Schools of Psychology. New
York: The Ronald Press, 193l. Ppe. vi = 225.
26
HeH. Hsaio, "A Review of Gestelt Psychology," Psychological
Review, Vol. XXXV (July, 1928), pp. 280~97,
27
Edward Chase Tolmen, "A Behavioristic Theory of Idesas,"
Psychological Review, Vole XXXIII (September, 1926), ppe 352=68.
28
Robert Morris Ogden, "The Gestalt Hypothesis," Psychological

Review, Vole XXXV (March, 1928), ppe 136=46.
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wnat degree both methods of leerning may be present in learning situa-
tions or to compere humans and animals in their use of ;brial and error
and insight in solving parellel or identical problems. Hence these two

rivel theories present a rumber of problems, one of which will be the

concern of this study.
C. The Problem

The problem is to make an experimental comparison of trieal and
error learning and configurational leerning, these terms being inter=-
preted as has been set forth in the writings of Thorndike and the
Gestelt psychologists respectively. Specific questions on which this
investigation proposes to throw scme light may be listed as follows:

l. Are configurational and triel and error learning two distinct
types of learning?

2+ Is triel end error learning present in problems requiring
insight?

3. What are the differences as between species and groups of
the same species in the use of the two methods of learning?

4. What is the degree of agreement arni difference as between
species end groups of the same spocies in the use of the two metnods
in solving parallel or identical problems?

5. What cues, @.ge, visual, kinaesthetic, etc., are employed

in the solution of the problems?
De Definitions

Certain terms will be used freely throughout this study. To

be sure tnat uwniform meaning may be attached to them, they are defined
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herewith:

Configurational. Configurational learning is a response to a

pettern of stimuli. It is percsiving an object or ides in its rela-
tion to other objects or ideas. It is used in this studj as synony-
mous with insight. |

Sudden. The term sudden will be used throughout this study fo
mear en instent chenge in bshavior or the immediate solution of the

problem.

Trial and errors Trial and error learning will refer to those

random movements which the organism makes in response to a situation.

Analysis. The functional meaning will be applied to this term
in the study. Functional analysis preserves the whole. Each part or
deteil emerges from the whole and is_seen as a subc;rdinated whole of
the greater whole.

Insisht. Learning by iasight will refer to (2) that behavior
which enables the organism to suddenly reconstruct its behavior in
keeping with the exigency of the situation, and (b) the ability to
perceive relationships.

Coneept. The term concept will be employed to mean the general-

ized ides that we have about things.
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CHAPTER II

TRIAL, AND ERROR AND INSIGHT LEARNING = A COMPARATIVE ANALYSIS
A. Introduction

So far as published evidence gues, there is none in which humen
end snimal subjects have been used to make a comparative study of the
two methods of learninge.

The subjects selected for this experiment were twenty children
from the elementary gredes, twenty adult students of college sophomore
level, and ten white rats.

In the search for a learning situation, the concept middle=
gizeness was decided upon. It was chosen because it seemed to the
writer to meke possible a learning problem which might conceivebly be
solved by insight, by trial and errcr or by 2 combination of the two
methodse It would prove adaptable to both animal and human subjects
and to a variety of materials. It may be interpreted as a problem in
concept formation. The exact detail of execution of this program is
subsequently set forth in the present chepter. 1In snticipation, the
genersal statement may herewith be mede. All subjects throughout the
investigation were faced with the problem of learring to react select~
ively to a middliewsized stimmlus in comparison with two other sizes,

one large and one smalle
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Bs The Two Types of Learning and Concept
Formetion in White Rats -

1. Experimentel Procedure

Subjectse =~ The asnimals chosen for this study were white rats.
Tour males and six females of the Wister stock were selected. The
nales wore adult age when brought to the laboratory; the females were
approximately three months of age. These animals were bought from the
animal laboratory of the Department of Zoology of the University of
Cincinnati. They had been caged in this laboratory, where they had
not had any experience with any previous learning situation.

Place. ==~ The experiment was conducted in the animal labcratory
of the Teachers College of the University of Cincinnati. It bogan
January 14, 1932, and ended February 19, 1932. The experimental hours
were in the afternoon of each day in the week except Sundaye..

The Learning Situatione =~ In order to set up a situation in

which middle~sizeness was controllsd ani at the same tTime preserve the
abstractness connected with the concept, the experimenter chose the
middle number of The tinree mumbers, 0.5, 2.5, 4.5, arranged in ascending
order, such that the difference between the first and second and the
second and third was constant. This procedure set up taree numbers in
a proportion such that the middle=sgized number is the mean proportion
between the two extreme mumberse. All the possible distinct permmta-
tions of this proportion were used in designing the learrning patterns
which appear on the 18" x 12" wooden panels. (See Figure 7, p. 44).
Because of this, the middleesized number appeered in six dirferent

relations with respect to the two extremes. ‘this made wup 2 learning
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series hereaiter called Series A.
In order to further complicate the problem, & second series
of three numbers, 2.5, 4.5, 6.5, designated as Series B, was chosen
with the constant difference the same as in Series A. The propor-
tions of the second series were so chosen that the last number of the
first series was used &s the middle-sized number in this set. These
two series made up the learning situation for the animals and children.
In the crucial tests, which will be fully described in the sub-
sequent discussions, the constant difference was maintained.

Laboratory Apparatus. == To carry out the experiment it was

necessary to design laboratory apparatus which would (a) be appliceble
to both humens end animals, (b) preserve the concept middle-sizeness
set forth above, and (c) give ample opportunity for either or both
types of learning in question to function.

The laboratory apparatus consisted of two laboratory tables
4t x 3'; five tunnelways 2t4" x 33", respectively; & board wall 18"
x 56"; nine board panels 18" x 12" (see Figure 7, pe. 44); a wire food
box 15" x 12", and a control box. Each panel was made so that it
would £it in the ceuter of the board wall. (See Figures 1, 2, p. 18.)
In these panels middle-sizeness, together with the other extremes,
appearsd in ths heights of the tunnelway entrance from the starting
table. This middle-sizeness was present and preserved in the step or
approach which always led to the tunnelway entrance with middle~sized
height; this created a unit made up of middle=size height of the
entrance and middle~-sized length of approach. The subject responded

to this unit.
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The heights were grouped to make the learning patterns. They
were arranged so that middle~szizeness was in & different position in
each patterne These patterns made up the learning problem. Each of
these patterns could be reversed at will by turning the panels over.
By reversing the panel middle-size was placed in & new relationship
with respect to the other two sizes. A desoription of each series
followse Series A includes all those patterns which could be designed
by msking use of all possible distinet arrangements of the thrae
mumbers cccurring in the proportion 0.5, 2.5, 4.5 inches. Series B
included 2l1) those patterns which could be designed by making use of
the six distinct arrengements of the three mumbers occurring in the
proportion 2.5, 4.5, 6,5 inches. Series C (one of the crucial tests
later to be fully described) included all those patterns which could
be designed by meking use of the six distinet arrangements of the
three numbers occurring in the test series of the proportion 3.5, 5.5,
75 inchese For Tests D and E the proportions of Series B were used.

The approaches to the tunnelway entrances were steps made of
wood and covered with ordinary screen wire. <The step for each entrance
extended from the top of the starting table tol‘the base of the tunnel=
way entrance. Each was attached with an adjustable hinge and could
be removed at will. The width of eech step was twc inches. The rela-
tive heights are shown in the saccompanying illustrationé. (see
Figures 1 - 6, pps 18, 21, 23.) The tumneiways were constructed of
soft pine lumber; the board wall and the panels were made of Three-
ply redwood. The board well, the tummelways, the panels, and one sst
of steps for btest Series D were painted black. The other steps were

painted white. The laboratory tables were covered with black oil
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clothe.

The tunnelway, which was enterable only over the middle=sized
step, had a flip door at the opposite end made of heavy black peaper
and set on with hinges so that the animsls could open it easily amd
go to the food boxe. This door was so adjusted that no light entered
the tunnelway when it was closed. The other tunnelways were pere-
manently closed at the end. (See Figure 3, pe 21.) Repeated observa-
tion by the experimenter and her faculty advisers failed to reveal
any light entering the long tunnelways except through the entering
aperture. In other words, the apparatus effectively prevented the

| animalls getting any visual cues from inside the tunnelways that would
guide it in making a choice. Olfactory cuss were controlled by dust-
ing food on the steps and in the tunnelways and placing bowls of food
at points in the room other than in the food box.

The complete experimental set=up is shown in the following
illustration « (See Figure 3, p. 21). This gives the arrangement
for the procedure. The two tebles were placed end-to-ond two feet
apart; the board well was clamped to the end of the starting teble
opposite the starting pointv X. The tunneixvays commected the starting
table and the fvod table., The problem for the rat was to reach the
food box Y when placed at the starting point X« This could be done
by choosing the middle-sized tunnelway from the pattern of each trial.
For example, when the rat was placed at point X on the starting
table and was fecing the patterns Os5, 25, 4.5 (see Figure 3, p. 21)

he was to choose 25, traverse the tunnelway to the escape door Z,
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flip it open with his nose, jump down on the food tsble and enter
the food box at Y. Each rat had been fed in the food box for three
days before he was given his first trial and every day thereafter
until his learning was completed, but he was not femiliar with any
other feature of the set-up. The whole detail of the problem was
totally new, the animal being only familiar with the food table and

feeding situation.
2e Conduct of Experiment

Methode == Turning to the method used in the actual experi-
mentation, the animal was teken from the control box and placed at
X on the starting table for each trial. When it had finally made
the successful choice and entered the food box, it was allowed to
take a bite of food bhefore being placed in the control box on the
floor to wait for the next trial.

Records. =~ Records were kept of time and errors and descriptive
snalysise. Time for each trial was scored in seconds and was recorded
from the time the animal was placed at X until he reached the food
box Y. Errors wers counted by tunnelways; the subject made en error
when 1ts body was completely in either of the closed tunnelways. &
general description of the animal®s behavior was also kepte Since
there was no form of punishment used, the animel could snter the
wrong tunnelway as meny times as it wished in any one trial.

Proceduree. =- The animals were divided into two groups, which
for convenience were called Group I and Group II. Since the problem

was for the animal to respond to middle-sizeness, regardliess of its
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position or size in the pattern, the learning seriss were arranged so
.tha.‘c cne group of animals would learn the whole problem, or both prom=
portions. This would emphasize the law of reaction advanced by the
configurationist which claims that learning is to be studied as the
response of the organism as a whole to the total problem or arrengee
ment of stimmli. This was designated as Method I« In Method II the
group would learn helf the problem or one proportions. This would
permit middle-sizeness to change in position only in each pattern.

It 'would further afford opportunity for building up a specific habit
or bond to one particuler middle-size, =and thus conforn to the

principles of trial and error learninge.
3. The Learning

Arrangement of Patberns. Group I lsarned by Method I. That

is, the stimulus patterns changed in size and position after each
Yrial. For example, in trial one, each animal responded to 0.5, 2.5,
4.5; in triel Wwo, each animal responded to 4.5, 6.5, 2.5. Since
each anime] was given twelve trials per day, it responded to each
pattern twice each day. But in no case was the learning upon the
following day begun on the last patlern of the previous dey's work.

The following table gives the arrangement of the day's worl

for this group.
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TABLE 1

LEARNING FATTERNS GROUP I METHOD I

08 25 445
445 Ged 245
4.5 0.5 2e5
25 445 6e5
245 445 0s5
6ed 295 4.5
4.5 OeS 2.5
4e5 645 25
05 245 4.5
645 2e5 405
245 445 0e5
245 405 65

Group II learuned by Method I1l; that is, the patterns of Series
A changed in position only after each trial. The purpose of this
method was to determine whether the more fregquent occurrence of the
response to 25 a5 middleesizeness in this series would reduce it to
a mechanical process, hence provoking this same responsa when required
to respond to 4.5 as middle-sizeness in Series Be. Likewise this method
would test whethner & constant proportion is more easily learned than a

changing proportion. The arrangement of the patterns for the twelve

trials is listed belowe
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IABLE IX

LEARNING PATTERNS GROUP II METHOR II

0e5 245 445
2e5 445 O¢5
4.5 045 2e5
0e5 205 445
205 445 Ced
45 Oeb 245
05 245 445
245 445 0.5
4.5 Oe5 25
0o 2ed 45
2e5 445 Qe5
445 05 245

It will be noticed at once from the above list that each
pattern appeared four times in one day's work, while in Method I
each pattern appeared but twice in one day's worke.

Criterion of Learninge. == After choosing the two learning

series and the two mathods of procedure, it was necessary to set up
& learning criterion. Each series of each method was considersd
learned when the subject responded corrsctly elsven ocut of twelve

trials for two successive days on its respective series.
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4e¢ The Test

The Learning Tests == It is apparent that after the oriterion

of learning was reached, furbther tests of the degree and manner of
learning were desirable. Therefore, two tests were projected. The
first of these was designated as the learning test. The learning test
for each group was each pattern of the learning series of that group
reversed. Reversing the pattern would reveal whether the animal had
lsarned by seoeing relations or by position, as middle-sizeness appeared
in a different position and & different relationship to the other two
in the patitern« The criterion for this test was eleven correct re-
sponses in twelve. The test series for sach group is given in the

table on the following pagee
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TABLE III

FIRST IEST SERIES « LEARuING PATTERw REVERSED

= R = =

Group I Method I Group IX Method II
45 265 Oe5 4.5 25 Oed
245 6.5 4.5 245 0.5 4.5
2.5 0.5 4.5 Oeb 4.5 25
65 4.5 245 4eH 25 OeH
0e5 4.5 245 25 0.5 45
4.5 245 65 Oed 445 245
245 0.5 LS 465 245 0eb
245 6.5 4.5 245 Oe5 4.5
4.5 25 Oeb Oeb 4.5 245
445 2e5 65 4.5 245 045
0«5 4.5 265 245 0.5 445
645 4.5 2e5 Ce5 4.5 2.6

Having reached the criterion for successful learning set on
its respective test series, each group was then required to respond
to the learning series of the other group. When this criterion was
reacned, each animal in each group then responded to a second test
consisting of three other tests specified as crucial tests.

Crucial Teste =~ The purpose of the crucial tests was:

&« To determine beyond question whether the subjects had

formed the concept middle=sizeness.
be To discover how they had formed this concept.

In an effort to disclose the facts bearing directly upon the
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answers to the above statements, three crucial tests - Series C, Series
D, and Series E = were designed.

In the first test the proportions of the rectangular steps were
increased as follows: 2.5 was increased to 3.5; 4.5 was increased to
5.5; 645 was increased to 7.5 This required the animal to select
middle-3izeness in & proportion in which 3.5 was the confusing element.
It fell between 2.5 and 4.5, and resembled very much 4.5, Furtnermore,
an increase in the proportion probably produced a greater problem than
a decreass in proporiion, since the rat!s field of vision is not great.
In a second test the rectangular steps in the proportio.n 245, 445, 65
were painted blacke This made the figure and ground look the same and
would presumebly test wanether the animal was responding to amount of
brightness as such or to the mathematical ratio of the length of thse
middle-sized sbep to the other two steps (see Figure 5, p. 23)e In
the third test, the amount of brightness was increased by making trape-
zoidal steps with width at the bottom in 2.5, 445, 65 proportion ine
creased, with the form at the top and the length remaining constant.
This would test wnether the form and amount oi brignt structure were
potent factors in the solution of the probleme A comparison oi the
rectangular sTeps in learaning with the Trapezoidal sieps in testing
will meke clear the problem involved (see Figures 2 and 6, pp. 18 and
23) e

Since there were only six distinct permutations in any serises,
the - trials were reduced to six for each of these test series end the
patberns erranged to control position alsoe. One test was given each

dey erd the criterion wes five correct triaels in sixe The following
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table shows the order in which each test was presented.

TABLE IV

CRUCIAL TESI PALTERLS GROUP I, AND II

Rectangular Steps = Rectangular Steps =
Proportion Increased Black

3e5 505 75 446 6eb 205
545 78 35 2.5 | 4.5 665
7«5 3ed 58 645 245 4.5
5.5 3¢5 Teb 445 245 645
T8 5.5 35 245 665 4.5
345 7.5 5.5 BeS 4.5 2.5

Trapesoidal Steps = Width Increased

665 25 4e5

25 4.5 65
4.5 245 6.5
€5 4.5 2e5

4¢5 665 20

268 645 4.5
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5S¢ Results

Group 1 Method I. The tobtal number of trials that it took for

each animel of this group to learn the problem is shown in the accompany-

ing tablee.

TABLE V

TOTAL LEARNING TRIALS FOR EACH SUBJECT GROJP I METHCD I

Subject Rat Noe Trials Required
4 120
5 216
6 120
1 132
8 60
Mean 12946

Inspection of the above table reveals considerable veriation
in the number of trials reguired for each subject to learn the problem.

The graph of the time curve (See Graph I, pe 33) shows progress
in learning in terms ¢f the harmonic mean time bacsed on the time score
for each day (See Table XXX, Appendix). The complete record of the
time in seconds from the beginning of the lecrning program until the
close is shown in the appendix (See Table XXIV, Appendix). This table
shows the great reduction in vime of the subsequent trials over the
initial trials. For example, Rate 4, on his initial trial, took 4500

secoends to reach the food box. The second trial required fifty secondse.
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The mean time for each trial was sixty=eight seconds. For the second
day the mean time was fif'tyeitwo seconds. The curve continuwes to fall
until the seventh day, when an averasge of seven seconds is reached.
The subject mainteined approximately this level until the criterion of
lesrning was reached on the tenth day's worke The error curve shows

e sudden fell to the zero point on the fourth dey, with a marked
tendency for the subject to remmin near this. The first crucial test
produced & slight rise in both the time and error curve (See Graph II,
pe 59).

Rat 5 no doubt found the correct tunnelway by chance, as his
initial trial took only 385 seconds. However, the average time for
the remeining eleven trials for that day was ninety-three seconds. On
the sixth day the curve fell to five seconds and remasined at approxie
mately this point for the remeinder of the time. A reduction of the
errors to two on the fifth day (See Graph II, pe 35), shows decided
agreement in results. It is interesting to note how long it took
this subject to reach the criterione This is probably an indication
of indifference or of growing stale tv the probleme. Since the subject
reached the criterion set on each of the tests, this shows evidence of
insight in the solution; i.e., that success was not secured in terms
of fixed habits of response.

The performence of Rat 6 is not very different from the first
two mentioned. The initial trial required 1150 seconds to find the
correct tunnelway. The average time for each of the other eleven
trials for that day was twenty~four seconds. The curve +then had a

rapid descent until the sixth day, when six seconds was the average
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for each triale. The curve (See Graph I, pe 33) remained at this point
end below until the cruciel test situation produced o short ascent in
the time curve. This shows evidence of taking time to adjust to the
new situstion and responding adequetely to it.

The error curve of the same rat (See Graph 1I, pe 35) falls to
one on the seventh day, followed by a steep ascent on the eighth day,
from which it falls to zero on the ninth day. After this it fluctuates
betwoen one end zero for the remeinder of the experimental period.

The initiel trisl for Rat 7 required 210 seconds. The other
eleven triaels for the dey required an average of thirty seconds. On
the second day there was e rapid descent of the curve (See Graph I,
ps 33) to sevens It remained at this point or below for the remainder
of the experiment. The error curve (See Graph II, pe 35) shows marked
agreementv with the excepticn of the steep ascent on the sixth day; the
two plateaus following this with sudden falls point to growth of moros
insight into the problem. The error curve for each trial (See Graph
IIX, pe 38 shows that this subject had a low error record from the
beginning. This presumably demonstrates insight with respect te the
learning situation.

The performance of Rat 8 surpassed that of all others of the
group (See Table XXIV, Appendix). The initial trial of 690 secoxds
falls to eighteen seconds (See Graph I, p. 33) in the remeining eleven
trials for that deye. There was & sudden descent to six seconds on the
third day and the curve remains at approximately this point except for
the test periods which caused a slight ascent. The error curve (See

Greph II, pe 35) shows e sudden fall on the third day, at which point
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it remains for the remainder of the experimente This curve further
shows a wery low error record for this subject throughout the entire
experimentel period. These last two subjects presented very few errors;
besides, their performsnce reached & high point early and remeined so
until the close of the experiment. They are very striking exemples of
rapid development of insignt into the problem; however, reference to
the error ocurve shows that this was preceded by a trial and error or
exploratory periode

Group II Method Il. =- It will be recalled from the discussion

of the procedure that Group II was trained to Series A with the pro=-
portions changing in position only with each triale It will be further
noted theat both Groups I and II responded to The same pattern in the
first or inivial trial (See iable IV, p. 30)e The results of Group II
are shown in the table below (See Table VI)e The number of trials re=
guired by each subject for learning and the mean number of trials for

this group are presented.

TABLE VI

TOTAL LEARWING TRIALS FOR EACH SUBJECT - GROUP II METHOD II

Subjeet Ret Nes Trials Reguired
2 264
3 132
9 166
i0 216
11 120
Meen 177.6
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The record shows Rat Z to have teken the greatest number of
trisls to reach the criterion set. The tims for the initial triel
was 3634 secondse. This was the longest time pericd for the initial
trial in this group and ranks second for the entire group of ten.
Each of the other eleven trials for this day had an average time of
sixty=four (See Graph III, pe 38)e On the second day the curve de=
scended to twenty-nine seconds, but the third day showed a sharp
ascent. On the sixth day both the time and error curve descended to
a low levels They remeined on prsctically a long platean for the
remainder of the experiment. This indicates a noticeable insignt into
the problem on the sixth and seventh days (See Graph IV, ps 40).
This subject met the criterion on the first learning test, pattern
reversed, but failed upon transfer to Series B to reach the criterion
of learning; hence, training was continued until thet was reached on
The twenﬁyhsecond daye

The prolonged activiiy which remsined at slmost a platesu from
the seventh to the twenty=first day seems to indicate impaired vigor
or energy with respsct to the problem, ratner then incepscivy to learn.
This is further demonstrated by the low error record which wes held by
the subject throughout the period (See Graph IV, p. 40)e When transe
ferred to the crucial test series, this animal responded adequately to
eache This points wvery clearly to the fact that the response of the
subjoct nad not become mechanical or fixed. Yet There was ample oppor-
Tunity for habits to be definitely fixed, since the learning consisted
in responding to ome series changing in posivion only, and extending

over & long pericd of vime.
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The initial trial of Ret 3 was one hundred seconds, probably
for chance reasons. That is, it found the escape door at once through
its efforts to explore the total situation. The average for each of
the other eleven trisls for that day was twentyeeight seconds (See
Graph I1II, pe 38)es On the third day the average performance record
descended to five seconds and maintained approximately this record
for the remainder of the time. There was, however, & slight ascent
of the curve on the tests. The error curve (See Graph IV, ps. 40)
drops to zero on the third dey but ascends again to five errors.

This fluctuation of the error curve between five and zero continues
wntil the tenth day when there was a sudden fall and the criterion
was reached. This fluoctuation indicates confusion with respect to

the problem. Since the test at the end of this period failed to cause
any increase in errors, we have precduced enother instance of behavior
as & dynamic process. That is, the behavior of the subject in the
new situation is determined by the forces or stimuli playing upon it,
and its response will be modiried in tTerms of the changing situation
it encounters.

The Wms curve of Rat 9 begins at sixteen seconds (See Graph
IIT, pe 38) for each of the eleven triels following the initial trial
of 611 secondse On the third day the cwurve falls ® eight seconds.
The criterion of learning was reached on the seventh day. But whén
the pattern was reversed, there was & breakdown in benhavior (See
Table XXV , Appendix). Five more deys of training were necessary
before the criverion was reacned. A ninety per cent record was reached

when the animel was transferred to the test on Series b. The crucisal
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test produced a slight ascent in the time ocurve. The error curve and
time curve both show (See Graph IXI and IV, pp. 38 and 40) that the
criterion was resched. This indicates that the learner was observing
before respondinge

The beginning of the time curve of Rat 10 was fifteen seconds,
which is practically the same as Rat 9. The initial trial was 1090
seconds. This animal was & fast runner, as will be noted from the
curve (See Graph III, pe 38)e This accounts in part for the high error
record, shown in the error curve (See Greph IV, pe 40). The curve of
errors per trial (See Graph VI, pe §6) shows a rather high and cone
sistent error record throughoute. There is little evidence of learning
beiore the tenth day. The curve falls suddenly on that dey and ree
meins approximately at this level until the sixteenth day, when there
is a further drope. The criterion of learning was attained on the
eighteenth daye. The first crucial test shows & breekdown in behavior,
but in the les? two The criverion is reached. As will be pointed out
later, this animal revealed slowness in the solution of the problem.
The error table by tuunelwey (See Table VIII, p. 59) shows & strong
preference for the 0.5 tunnelway. In other words, there was a strong
tendency to follow the line of least actione Descriptive analysis,
in the subsequent discussions, will show that fast running and failure
to make observaetion and comparison also played their part in prolonge
ing the learning period and producing a high error record.

It is interesting to note that Rat 1llt's initial time record
vas much higher than that of Rat 10; also, that the time curve sterts

at a higher point (See Graph III, p. 38), twenty~three seconds for
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each of the first eleven trisls following the initial triale The error
curve (See Graph IV, p. 40) also begins at a higher point and remains
on a plateau for two days. The sudden fall from this point to the zero
level demonstrates rapid maturing of insight. The ascent in the curve
of errors on the sixth and seventh days is considered to be a result
of the animal!s being fed by mistake. It is interesting to note that
she made ten correct choices out of twelve on these two days and never
entered the food boxe. She made the correct choice, went to the food
table and played until the experimenter took her up. As soon &s she
was hungry agein the curve descends tc the zero point énd remgins
until the problem is finished. It is further interesting to observe
that the record of this animal (barring the accidentel feeding) is
directly compareble with Rat § in Group 1 (See Graphs I and II, pp- 33
end 35). Another point of interest for this group is (See Table X3V ,
Appendix) that the behavior of each animel in this group, except Rat
10 and Rat 2, broke down when the pattern was reversed. The star on
the error teble indicates the point at which this occurred and the
‘number of trials which were necessary to reach the criterion agein.
Bach subject then reached the criterion when transferred to Series B.
Rat 2 reached the criterion when the pattern was reversed but broke

dovm when transferred to Series Be

Descriptive Analysise =~ Any learning experiment affords many
possibilities for utilizing observations which cannot ard need not ve
treated quentitatively. This, however, does not minimize their
importance. Often they may be of even greater importance than the

auantitetive data. Many of the responses which will be repcrted here
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occurred numerous times in the same subjsct and in all subjecis. In
fact, those subjects and those trials wnich were most characteristic
of the group have been selected for this descriptione

Referring to the expleuation given in the beginning of this
experiment, it will be recalled that Series A was the proportion 0.5,
245, 4.5; Series B was the proportion 2.5, 4.5, 6.5. If both rro-
portions are mentioned in explaining the animal's behavior, it is
learning by Methed I. If one proportion is mentioned, it is learning
by Method 1I. Each proportion will be stated in the order +that it was
presented to the subjects

With all these animals there was & marked tendency to geb
acquainted with the situation. They explored before meking the rignt
choice. A detailed description of the learning behavior followse The
rats and ftrisls selected for full description were chosen for the
following, reasons:

8. The subjects cnosen represent ones which are typicel for
the groupe.

be The initial trials present behavior exhibited in a totally
new situation.

S The other triais were chosen to show progress in behavior.

4. Since all could not be chosen, an effort was made to
erproximate e random sample that would be typical or representative.

Rat 5. Day 1, Trial le. Pattern 0.5, 2.5, 4.5. Time: 385
secornds. He approached the entrances of the tuanelways, erfbered 2.5
at once and went to escape door, returned to entrance door after

twenty seconds, explored, reoturned to starting tebie, across 0.5 to
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sdge of table, in 0.5 remained thirty seconds, returned to 2.5, tried
escape door, put feet down on food table, but withdrew into tunnelwsy.
He then returned to the entrance table, explored entrance of 4.5,
returned to 2.5, went through escape door to food box at the end of
six minutes and twenty-five seconds.

Day 1, Trial 2. Pattern 2.5, 4.5, 6.5. Time: 300 seconds.

In the second trial this anima) responded to the pattern 2.5, 4.5,
6e5+ He went straight ahead to the entrance doors, entered 4.5, re-
turned to starting table, entered 2.5 for four minutes, returned
to starting table, entered 4.5, found escape door, returned to start-
ing teble, entered and explored 6.5, returned to starting teble apgain,
entered 4.5, went to the escape door & second time, entered the food
box after five minutes.

Day 2, Triel 3. Pattern 4.5, 0.5, 2.5. Time: 69 seconds.

The subject went straight shead into 2.5, failed to find escape door,
returned to starting table, entered and explored 0.5, returned to
starting table, entered 4.5, out on starting table again, returned to
Z2e5, 1ifted escape door and went straignt to food box at the end of
one minute and nine secondse.

Day 2, Trial 6. Pattern 6.5, 2.5, 454 Time: 44 seconds.
Roesponding to the 6.5, 245, 4& proportion in trial six, this subject
explored at starting point for five seconds, entered 2.5 and 645 in
turn, returned to starting table, entered 445 through escape door to
food box in forty«four secondss

Rat 7« Day 1, Trial 1. Pattern 6.5, 2.5, 4.5. Time: 210

seconds. This rat explored the taovle for twenty seconds, then entered
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245, returned to entrance table, circled about over the %Hable, went
to edge of table, looked down at the floor, returned to 2.5, entered
after fifty=-five seconds, returned to the starting table, explored,
returned to 2.5 after three minutes, went to esceapes door, tried it,
lifted it, jumped down on food table, explored table, entered the
foed box after three minutes and thirty secondse

Day 1, Trial 2. Patbern 4.5, 55, 2.5+ Time: 56 seconds.

She approached the entrances, entered 2.5, returned to the starting
table, entered 4.5 after forty~five seconds, found escape door, hesi-
tated before jumping down (a strange jump for the animel) after five
seconds jumped down, entered the food box at the end of fiftyesix
saconds.

Day 2, Trial 3. Pattern 4.5, 05, 2.5. Time: 25 secondse.
This animal enterazd 4.5, returned to table after ten seconds, entered
0.5 For fifteen seconds, returned to starting table, entersd 2.5 after
twenty seconds at escape door, through to the food box in thirty
secondse

Day 3, Trial 1. Pattern 0.5, 2.5, 4«5, Time: 35 seconds.
This animael ran over the tablse for thirty seconds, then suddenly turned
and entersd 2.5, going straigiht to the food box.

Rat 8. Day 1, Trial le DPabtern Uef, 245, 4¢5. Time: 690
seconds. This animal solved the problem more quickly than any of the
other animals. However, on the initial trial her behavior compared
woll with the others hers mentioned. The first day she entered 2.5
after thirty=five seconds of exploring the table, returnsed to the

starting table after forty seconds, entered 2.5 after one minute,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

46



returned to starting tsble, sniffed, explored over the table five
minutes, returned to entrance of tunnelway, ventured body half in
245, returned to starting fable, explored teble over and over agaim,
vantured half in 0.5 after seven minutes, in 2.5 at the end of eleven
minutes, found the escape door, wvenbtured onto food table, reached
food boz at eleven minutes and thirty seconds.

Day 1, Trial 8. Pattern 6.5, 245, 4.5, Time: 168 seconds.

In responding to this pattern she lingered at the starting point,
then approached 2.5 and 6.5, entered 6.5 and remained for fifteen
seconds, returnsd to the starting table, entersd 4.5 again. After
one minute she returned to starting table, eutered 4.5, came out
immediately, entered 4.5 again, after thirty=four seccnds found the
escape door, ventured onto food table, entered food box in one minute
and nine seccnds. ’

Rat 11, Dey 1, Trial l. Pattern 0.5, 2.5, 4.5, Time: 41
minutes and forty seconds. This enimal was taught the problem by
Method II. In trial one she went straight shead from starting point,
looked in 2.5, wventured body half in after two minutes and five
seconds, returned to starting table, explorsd, sniffed, body half
in 0.5 agzain, returned to the starting table and began a »ont inuous
round of exploring; after six minutes ventured into 2.5 the lemgth
of her body, returned to the starting table, sniffed, looked, entered
2.5 after fourteen minutes and thirty seconds, hastened out as if
afraid, into 2.5 again after nineteen minutes and thirty seconds,
returnsed to starting table, explored again, approached the entran;e,
hesitated at length, entered 2.5 after forty minutes at escape door

made exit, out onto food table, climbed up on top of the tunnelway
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(see Figure 3, pe 21), explored, returned to food table, went to the
food box after forty-one minutes and forty seconds.

Day 1, Trial 5« Patbtern 2.5, 4.5, OeSe Time: 100 seconds,

She entered 4.5, remained eleven seconds, rsturned to the starting
teble, entared 0.5, romained fifteen seconds, returned to the starte-
ing teable again, enterod 2.5, found the escape door, out of the tunnel~
wey onto food table, entered the food box after cne minute and forty
seconds.

Rat 9. Day 1, Trial 1. Pattern 0.5, 2.5, 4.5, Time: 10
minutes and 11 seconds. When she was placed at the starting point,
went straight to entrances of the tummelways, halted, turned away and
began to explore the starting table (every point was thoroughly ex-
amined). After four minutes end thirty seconds she entered 2.5,
withdrew as if afraid; after five minutes she ventured the length of
her body into 2.5. Shs returned to starting table and continmed to
explore for ome minute. She then returned to entrences of tunnelways.
After seven minutes she went to the escape door and tried it. She
then returned to the starting table, seeking excitedly for three
minutes, entered 2.5, went to the escape door, lifted the door, looked
out, jumped down on table, entered food box after ten minutes and
eleven seconds.

Day 1, Trial 3, Pottern 4.5, 0e¢S5e, 2.5, Time: 90 seconds.

On this trial she entered 0.5 at once, returned to the starting table
after fifteen seconds, explored table and 4.5 for fifty seconds,
entered O.5 again, returned to starting table, then entered 2.5 again,

through escape door to the food box in one minute and thirty seconds.
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Dey 1, Trial 8. Pattern 2.5, 4.6, 0«5, Time: 85 secondse.
She envtered 4.5, then returned to starting point, explored table
twenty seconds, returned to entrances, entered 0.5, returned to starte
ing table, entered 0.5 egain, returned to starting table, entered 2.5
and after one minute and twenty-five seconds, she went to food boxe.

Surveying the above analysis of each rat's behavior just as it
oceurred in the situation, one notices that the behavior is very
similar in each subject. This is also typical of the benavior of each
group as a whole. Comparing the time on the initial trial (See Table
XXIV, Appendix) with the second trial for Rats 4, 6, 7, 8, 2, 9, 10
and 11, one sees clearly that there is a marked reduction in the timé
requirsd from the first to the second trial. For Rats 5 and 3, the
difference is not great. Further observation of the time table shows
that learning from trial to trial was progressive rather than sudden.
The reduction of time from one trial to another mey be evidence of
{lashes of insignt which the subjeots were geining with respeect to the
goale

The records show that this type of behavior was accompanied by
another type of behavior which began at different points for each
animal. This became most obvious at the points menitioned in the fol-
lowing descriptions. The animals actually halted outside ths tunnel-
ways before meking a choice. They were actively choosing middle-
sizeness in relation to the other two sizes. The sudden changes from
the wrong entrance step back to the table, and then to the correct
one point to the fact that the animals were responding to a relation-
ship in terns of the goal. Our atteation will be directed to these

changes at this point.
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Rat 9. Day 2, Trial 24. Patbern 05, 2¢5, 4¢5. Time: 35
secondse. This rat dashed straight ahead onto the step of 0.5 (See
Figure 7, No« 1, pe 44), helted, turned to 2.5, went to the escepe
door, returned to starting table, ran over table thirty seconds,
turned and suddenly entered 2.5, through escape door to food box at
end of thirty~five seconds. On trial twentye-nine, patitern 4.5, 0.5,
2.5, this same animal dashed straignt ashead, on step 4.5 halted,
whirled to 2.5, then 0.5, loocked suddenly, bturned, chose 2.5, went
straight to food in five seconds. On the thirty-second trial,
pattern 2.5, 4¢5, 0.5, this animal upproached the entrance from start-
ing point, helf up step of 4.5 (See Figure 7, No. 3, pe 44), helted,
looked; after four seconds she suddenly whirled arocund to Gable,
turned again, entered 2.5, went straight to the food box at the end
of sixteen seconds.

Rat 8« Day 2, Trisl 24. Pattern 2.5, 4.5, 645+ Time: §
seconds. She went quickly to 4.5, “urned (See Figure 7, Noe 4,
pe 44), suddenly to 245, observed excitedly, whirled completely
around, wwo feet on step €.5 (nervens as if semsing a problem),
looked over 4.5, then to 2.5, turned back, entered 4.5 through the
escaps door to the feod box in five secondse.

The above behavior is typical of the behavior of this animal
on the third day. The problem was learned et <that point, since on
the two days following she had eleven perfect trials in twelve for
each daye.

Ret 5. Day 3, Trial 38. Pattern 4.5, 6+5, 2.5« Time: 20

secondse This rat rushed in front of 2.5, lookad, turned rignt to
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teble, twrned again wnder step 6.5 to 4.5, entered tumnelway, through
the escape door to food box in twenty secondse

Rat 7. Day 2, Trial 24. Patbern 2.5; 4.5, 6.5, Time: 15
socondse. She approached the entrances, halted on step 2.5, looked
toward 4.5 and 6.5, descended step 2.5, took 4.5, and went straight
to the food box in fifteen seconds.

Day 3, Triel 34. Patbtern 6.5, 205, 4.5« Time: 10 seconds.

On this triel she approached the entraunce, body half in 2.5, backed
out gquickly, turned on step, looked at €5, turned again, looked at
4.5, entered it aiter six seconds and was in the food box in ten
secondse On the first learning test (See Table I1II, Method I,
pattern reverse) this animai approached the entrance of pattern

£45, 645, 245 and halted at 25 (See Figure 7, No. 6, pe 44), as-
cended the entrance step, halted again, (seemed nervous and confused).
She then returmed to starting table, returned to 2.5 again, scaled
the wall to point X, halted, looked down at 6.5, 4.5, then made the
circle X = Y, entered 4.5, was in the food box in fifteen seconds.

On one of the crucial tests (rectangular steps=-black) this same
animal went straignt to entrance steps, stopped, looked, turned asway,
roturned to starting point, turned agein, went straight to entrance
of 4.5, halted, looked, then entered.

The two divisions of the descriptive analysis given above
correspond to the learning curves which have been menvioned in each
discussions To say thav any particular trial of any animal marked
the exact point of the change would bs erroneocus. These data point

to the fact that the change began vo be most obviocus on the second
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day for some subjects and on the third and fourth days for others.
The error tables (See Tables VII and VIII, pp. 58 and 59 ) and the
error graphs (See Graphs V and VI, pp. 55 and 56 ) point out the low
error record which was being held by each subject. These tables and
curves further show that learning was progressive from day to dsy bub
reached a low point on the fourth and fifth dayse. This was held for
the remsinder of the time. This does not mean that there were no more
errors made, but it does point to the fact that the subjects were be=
heving in a menner which might be called intelligent with respect to
the situatione

Since this marked change of behavior was present in the entire
group, it suggests further that the animals were then trying to decide
what to do, rather than merely moving at random. A careful examina-
tion was apparently being made. Establishing a meaningful goal pro=
duced a conflict between this and other goals. Their observation of
the total situation was essential before reaching this goal satise
factorily. Random movements were resolved into a different kind of
activity. The reaction curves and the time and error tabies (See
Tables XXIV and XXV, Appendix), as has been pointed out, are differ=-
ent before and after this behavior begins. The reection is more
uniforme The wide irregularity in the curve is reduced to approxi=-
mately that of uniformitye The iluctuation of the error record is
between zero end one, with zero the most characteristic. 0ld re=-
sponses wWere discarded and replaced by new onss. Evidence from both
objective data and descriptive analysis Jjustifies the assumption

that the animals had decided upon what to do to reach the goal.
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This doss not mean thet no more errors were made, but the errors
were made with the goal knovme. The fact that these animels were
capeble of seeing relationships and of & sudden chenge in behavior
Justities the statement that the animals are cepabls of benavior

with insight (See criterion 8, Do 2 )
6+ Comparative Discussion

The number of trials required by Group II for masteriug the
problem is greater than the number of trials required by Group I
(See Tables V and VI, pp» 31 end 36). This brings out the fact that
in e changing proportion relationships are more rapidly developed.

Comparing the totael number of errors on the tunnelways for
each twelve trials (See Teble VII, p. 58 and Table VIII, pe 59), we
find more srrors being made by the subjects of Greup I than by the
subjects of Group II. These data further show that the errors were
being eliminated more rapidly. Thet is, for Group I the errors more
nearly epproach the zero point on the third and fourth days, while
for Group II these errors more nearly approach the gzero point on the
fourth and fifth dayse The error table further shows that all the
subjects of Group I, except Rat 5, reacned the criterion when the
first test was presented. Three of the five subjects of Group II,
namely, Rats 3, 9, and 11, failed to reach the criterion when the
pattern was reversed. Rat 2 reached the criterion when the peatiern
was reversed, but broke down when transferred to Series Bs This
points to the fact that relationships were harder to form in a pattern
with middle~gizeness changing in position only.

There is & marked tendency for each group to favor Oe5 on the
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first five days, and Group I favors 2.5 on the pattern of Series B.
This probably may be an indication of the tendency of each animal to
follow the line of least action 1 wntil a goal is established. From
the descriptive enalysis, it is furtnsr interesting to note that come
parisons of the entrance step to the tunnelwsys were made before the
enimals respondede.

Graphs V and VI (See pps 55 and 56) show the errors for esach
animal per trial .for the first sixty trials. The writer arbitrarily
chose the point 60 as the terminator of the graph because the curve
would fluctuate between zero and one (See Table XXV , Appendix) with
zero errors as the most characteristic performsnce, or the mode from
this point on. Hence, the curve would follow this sems form for each
subject ior vthe remaining number of trialse

The deduction from these error curves is two=fold. When come=
paring the two curves we see that Group 1 has more errors in the begin-
ning and that they have fewer plateaus than Group 1I. The plateaus of
Group II are somewnat lounger than those of Group I. This points to the
fact that it was harder to form relationships in a pattern changing in
position onlye

Comparing these graphs of single errors by trials with the com=
posite error curve (See Graphs I and III, ppe 33 and 38), we notice an
interesting feature. That which seems to be sudden insight from the

composite error curve is & product of meny movements of trial and error

1

Remond He Wheeler, Science of Psychology, ppe 255=58. Hew
Yorks: Thomas Ye Crowell Co., 1929.

|
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and insight combinede This is shown by the deteiled error curve. For
exemple, Rat 4's error curve (See Graph V, p. 55) shows @ high error
record until the fifth triale. Then there is & sudden fall to zero.
This fall indicates flashes of insight. The curve has a similer fall
after the fifteenth trials. All the other snimals show similar recordse.
Furthermore, it indicates maturation of these behavior processes
until & solution of the problem is realized. The solution is a function
of the trial and error and exploraitory period, and not sudden and com=
plete in any case. This is shown by the plateaus in the learning curve.
The sudden fall of the curve to the zero point following these platesus

indiecates maturation or growth which has taken place with respect to

the learning situation.
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IABLE VIII

TOTAL NUMBER OF ERRORS PER IWELVE TRIALS RY TULNEIWAY = GROUP II
METHOD 1I

Rat 2
Errors on

Rat 3
Errors on

Rat 9
Errors on

Rat 10
Errors on

Rat 11
Errors on

59

Twelfths

0ed 445 0ed  4e8 | 008 4e5 | 065  4e5 [ 045 4.5

[
[
[]

OOFHMOMDOHFNOMK PN OI-IIO0
[

COHMNDHMFHMHOK

3e
4o
Se
Be
Te
8.
Se
10.
11.
iz.
13,
14.
15.
16.
17,
18.

doreimroRmPEPOR DR O L
COOFOPRHEBKRBNNOW
HFOMNMGWBDKRh ONW®
COMOHOOMOIMNP
OHWORPRO QUMM D B
COHMHMNMNOMRH M bW

#
OHMOOOROWKH

*
COOKFMNMNMHIFMMOUWFWKF NI MNMO®

Total| 38 20 25 10 30 17 70 25 25 7

¥ Point at which the pattern was reversed.
broke down at this pointe.

Rat 2 was transferred to Series B for a learning period
on the sizteenth day beceuse he feiled the learning test of this
group. This error period showed confusion between Ce5, 245, and 4e5.
Six more days of training were requirede

Three subjects
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The accompanying table is a composite picture of the harmonic
mean of the time in seconds for each trial of the learning and test

seriese

TABLE IX

HARMONIC MEAw OF TIME IN SECONDS « LEARWING AND TESTS

Group I Method I Group II Method II
Rat 4|Ret 5|Rat 6|Ret 7|Ret 8|Ret 2|Rat 3 [Rat 9|Rat 10|Rat 11

Learning 11 8

7 8 7 7 5] 5 S 6
Le Tost 9 S 4 6 5 4 5 S 4 5]
Ce Test 10 5 7 6 7 7 7 8 5 6

Compaiing the individual records shown in this teble, one notes that
some of the subjects in Group I Method I on the sverage teke more time
per trial ‘te respond then the subjeots of Group II Method 1II.  This ine
dicates more deliberation before responding and points to the fact that
longer time per trial mey be a factor in shortening the totel lesrning
time. Also, the more complex problem requires more time in the beginning
for forming adeguete responsese.

Comparing the actual ¥ime in seconds of the performance of each
animal on the crucial tests, we find that for most of the animals the
time for meking each response is increased (See Table X, pe 61). Each

of these tests was 2 new situation in itselfe
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This demonstrates that the test really was & problem that ree
quired observation and delibere.tioﬁ before & response was made.
Exemples of this have been mentioned ebove in the descriptive analysis
of each animal®s behaviore.

This table further shows that Group II Yook somewhat longer per
trial than Group I, tut all the subjects in Group II responded to each
test adequately except Ret 10. It failed on the first crucial test
but passed the othsr two. Rat 4 in Group I reached only a fifty per
cent performance on the first ecrucial test, but the criterion was
reached in the other twoe As a whole, all subjects in each group met
the crucial test situstion adequately. Rat & and Rat 2, which have’
long learning curves, mede an adequate transfer to each of the test
series; that is, they reached the criterion sete

These data certeinly point definitely to the fact that the sub=-
Jscts had learned the problem. Even Group II which had taken the
longest time for learning demonsitrated that the problem had been
learnede

Moreover, these tests throw light on the type of behavior which
was required in the learning taske More will be said on this point in

the following discussione
7s Interpretation

 One of the purposes of the cruclial tests mentioned earlier was

to determine what cues the animals had used in forming the concept
middleesizeness. When the animels were presented with Series C, they

demonstrated that they could respord to & new pattern in which the
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proportions had been increased actually and relativelys One of thess
proportions resembled 2.5 and 4.5 previously responded to, but which
now had to be sbandoned for a new element in s new pattern. This new
element became the mesns to the end and was a new experience for the
ratse The formation of this new reletionship in the new situatvion de-
monstrated insighte » ‘

The response to tha> black steps demonstrated that the. enimaels
were responding to middlewcizeness as such and not to amount of brighte
nesse

To further determine whether it was middleesized intensity of
the middle=cized step in the lsarning which the animal was responding
to, a set of steps was designed with width é:b the bottom increased. In
this series middle~sized intensity was not preservede. ‘This increase in
width and intensity points to the fact that the solution was middlee
sizeness in relation o two other sizes and not intensitye

The descriptive analysis as set forth in the preceding pages
of this experiment does not reveal learning as a process of stamping in
of one act and the stemping out of another. Quite the reverse was fournd
truee It will be recalled that Group 1I responded to middleescigeness in
one proportion througnout the learning problem, changing in posivion
onlye According to the laws of frequency and recency the middle=sized
response (2.5) would have been so set that it would be responded to in
any other situatione This did not prove true, for most of the animals,
when transferred to the test situation in which 2.5 had to be discarded
and 4.5 responded to, met almost immediately the criterion set. A

further test of this truth was revealed when the cruciel test, Series C,
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was responded to and the eriterion reached by ®ll but Ret 10 and Ret 4.
For Group I frequency was not a factor, because the patterns changed
with esch triale If frequency had been a factor, the enimals would
have been thrown intc a state of confusion after each trial with errors
increesinge. However, just the opposite was true, for errors were
eliminated in this group even more repidly than in Group IIl. The law
of recency did not determine the behavior, because this group always
finished the day*s run on a pattern of Series B in which it responded
to 445 as the middle=sized one and begen each day by responding to a
pettern of Series A with 25 as the middleesized onee. The evidence
here seems to demonstrate clearly that learning is not explained in
verms of a series of automatic responses, but that learning is a result
of seeing relationships of one proportion to two other proportionse
The enimal dissected from tThe total pattern or Gestalt & detail in its
relation to other deteils and the goals

Although frequency played a pert in the formetion of the habits
of response, it did not determine the animalt's behavicr when the pattern
was reversed or when the proportions were increased. His behavior was
still intelligent and adequete in thet the middleesized one was chosen
in these strange situetionse His 0ld habits were broken down or dise
carded and the response was made in terms of the problem presentede.

However, the date of this experiment do not warrant the discarde
ing of trial and error movements or the exploratory movements as of no
valuee. To say that the first thirtyesix trisls in this experiment were
blind trial and error or random movements is erroneous. They were
movements in response to a total pattern, a complex of stimuli, and

probebly invelved many uvrges, such as the curiosity urge, the wrge to
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get acquainted and explore, the freedom urge, and the hunger urge, each
with & potency ell its own. The high stress set up by this complex of
stimli resulted in many trial and error movements which were soon re-
solved with respect to one particular urge, the hunger urge, which re-
meined prepotent. Both the descriptive analysis and the quantitative
data show thet at this point the situation tock on meaning. The re-
sponse was the selection of the element middleesizeness within the
total behavior pasttern with respect to the food goal and the release
of the hunger tensione

Random or trial and error movements were accompanied by acts
of observing and compearing the middlee=sized approach with the other
twoe This period reveals medturation of the learning process, asnd in
this experiment was the basis of what may be called insightful be=
haviore

Observations of the learning curves show numerous plateaus
followed by sudden descents in the ourve. These pleatesus represent
in the animal inadequate insight or the inability to see relationship
in the totel pattern at those points. The sudden descent represents
adequate matwration for the solution of the problem.

The descriptive anelysis from both groups suggests the peoints
et which insignt, that is, observing relationship, beceme most evi-
dent and was then playing a greater part than random movementse The
descriptive analysis further shows that the snimel wes then looking
the situation over beofore making a responsee It was considering each
detail in relation %o the total stimulus-patterns In other words, the

detail middle=cizeness was deriving its properties from the other
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features of the patterne.

It was noticed above that Group I was superior in performance
to Group IXI. This demonstrates the fact that the animals were éapable
of forming relationships more rapidly when presented with +the whole
problem, the total configurstion.

Agein, this learning cennot be explained in terms of position
habits. The learning test demonstrated this very beautifullye. The
subjects of each group responded to the patterns in reverse order
with middle~sizeness in e different position in relation to the rest
of the patterne On the crucial test, Series C, the pattern was re=
vorsed again so that position response was controllede.

Therefore, these data justify the assertion thet the rats lesrned
this problem because of their ability to successfully modify their be=
havior in a total configurational pattern which required that they use
their knowledge of the spacial whole in making adequate adaptationse

The term “"sudder" meaning instantanecus solution, as used by the
exponents of the Gestalt theory, indicates that there is no problem for
the subject; therefore, no insight is present because the solution is
already knovne But & real Gestalt is a function of the trial and error
and explorstory period axnd tekes meaning from its That is, the animals
when pleced at X responded by trial and error to the total pattern or
situation, for a strange volley of stimmli was playing upon theme. The
eweareness of a goal demanded that these movements be resolved into
meeningful patterns of responses. These modifications of behavior come
graduelly and demonstrate flashes of insight with respect to the problems

Since the rat responded to the quality middie=sizeness, it hes
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demonstrated that it is capable of forming abstractions from & cone
figurational pattern.

To try to explain this léarning by the theory of visuel or
memory images which are peculiar to the ret is to plunge into neuro=
logical principles of comparative neurology and psychology'which are
far beyond the scope of this problem, and of which there is little
known. However, to say that the animals responded to the relatione
ships presented in & way which shows intelligence and insight is within

the limits of the objective datee
8¢ Summary

le The rat is capable of learning to choose the middle~sized
proportion in its relationship to two other proportions in a configura=-
tional learning patterm. It is also capable of choosing correctly
when middle=-sizeness changes in both size and position in a series of
patternse

2+ These data do not show learning as a sudden accomplishment
‘the moment the situation is presented, but as a gradual process.

3+ These experimental findings demend that the behavior of the
rat be explained both by trial and error end by insight learning.

4« There were different degrees of insight exhibited by each
rat in the learning situation.

S5« Partial or complete insight is a function of the process of
maturation or trial and error learning, and is not to be understood
apart from ibe

6e¢ The animals responding to a changing pattern learned the
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problem in fewer trials than the group responding to .a constant
pattern. However, this difference is negligible.
7+ The terms trisal a;nd error and exploratory (finding out)
movements are essential in describing behavior in this learning situation.
8e Olfactory cues played no pert in learning this problem.
9. Past experiences of the animal hed no direct and specific
inf{luence on the learning.

Ce The Iwo Types of Learning and Concept
Formation in Children

1. Introduction

In ordsr to further study triel and error and insight learning,
the same learning apparatus which was used with the rats was used
with the children. This type of experiment would yield data which
would be comparable in nsture, and throw added light on the two theories
of learning.

This part of the experiment was conducted in one of the rooms
in the Twenty-Third District School of the Cincinneti Public Schools.

Children of 100 I.Q., as measured by the Pintner«lunninghem
Intelligence Test, were selected for this experiment. Six children,

a boy and a girl from each of the first three grades, were used.
2« General Procedure

The Learning Probleme == The learning problem was the same as

for the animals (See Tables I and II, ppe 25 and 26)s. The children

were divided into two groups, & boy and a girl from each grade. Group I
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learned by Method I, and Group II learned by Method II. The rats were
required to do eleven out of twelve trials correctly for two successive
learning periods. The children were required to do elewven out of twelve
correctly for one period. It was not necessary to have the children
repeat, since their learning of. this problem was, in its final stage,
seeming;lj more steady and regular then for the ratse When this
criterion was reached, they were transferred to the crucial test seriese

Recordss == The data were recorded in time, errors, and trials.
General descriptive analysis end introspective reports of the children
were kepte.

Method. == The apparatus was set up just as it was for the
animals, except that the tables were at the proper height for children
and placed side to side two feet apart, instead of end to ends. The
backboard was clamped to the side of the table; then screens were set
up to prevent the child from getting any visual cues from seeing the
apparatus. A stiék made of rolled cardboard, four feet long and one
inch in diameter was introduced. This stick had a colored rubber bsall
attached to one end (See Figure 8 below) so that it would roll. This
would enable the child to reach the end of the tunnelway and opsn the
door, and also toc give a definits objective rssponse that could be

observed and recordeds

Figure 8

&7 D
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The child and the experimsnter were in the room alone. The
learning situation was motivated by converting it into a game. The
child was told by his teacher that he was to play a game. On entering
the room the experimenter seid: "Have you come to play the gems with
me?" The child was then placed in front of the table at point X (See
Figure 1, pe 18)s “his was directly in front of the learning pattern.
The experimenter seid: "This game is called Opening the Door." Then
the following directions were given. "In one of thess tunnelweys there
is & door that will open. I want you to take this ball (the experi-
menter gave the child the stick) and roll it up the step of the one
which you think it ise. If the door doesn!t open, try another one. The
game is to roll the ball into the right one first every time until you
open the door elsven times one right after the other. Watch carefully
and see how quickly ycu can win." For emphasis the experimenter re-
peated the last two sentences proceded by the ceution "remember."

When the child had hed his trial, he was asked t hide his eyes

while the pattern was changed.
3e Results

Objective Resultse =~ The table on the following page shows

the total number of trials that was required by the members of each
group on the learning and all tests. This table shows that there is
sone advantage of onoe method over the other. FEach child of Method II,
however, except H,had given verbal expression to the fact that he lknew
the door was always in the tunnelway which had the middle=sized step
before the proportions were changed. However, it is interesting to

note (See Graph VII, ps 74 ) that D.F. told the experimenter on the
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TABLE X1

TOTAL NUMBER OF TRIALS REQUIRED FOR LEARNWING THE PROBLEM

Method I ‘Method II Mean
Gradse 1 2 3 1 2 3
Sub;jec\': ReSe DeSe KeGe Del'e He E+Te
Trials 66 42 42 78 54 54 56

twentieth trial that the door was in the middlesized one, yet she made
two mistekes when presented with the proporiion of Series Be. That is,
she made one error in the thirtyessventh and forbty=first trials. This
necessitated twelve more trials to reach the criterion. She alsc made
one on the test Series D (steps wider). The other twe subjeots of
this group had & different recorde.

H made nine errors in the first twelve trials and one on the
fourteenths He then made a perfect transfer to Series B in the next
twelve triels and all the test series.

EJsls in the third grade had the lowest error record of the group.
The error curve and the error table (See Table XXVII, Appendix) show
that she also made 2 perfect transfer to the changing proportione.

ReSe, 8 first grader of Method I, had the highest total error
record for the first twelve trials of any child in either group. The
error curve (See Graph VII, pe 74) shows his complete record. He did
not reach perfect performance, however, unvil the last two of the test
seriese

Observing the error curve agein, we notice D.S., & second grade

girl, has only six errors in a total of forty-twe trialss The error
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curve falls to zero and remains at this pointe KoGs; a third grade boy,
shows a similar record of performances

The time teble for this group (See Table XII, pe 73) gives the
mean time per day®s work of twelive trials each. Ths initial +rials for
the subjects of Method I are as follows: ReSe., thirty-five seconds;
DeSe, twenty=five seconds; and K.G., twenty seconds. It took longer
for the first responses than for either of the following trials. The
time table (See Table XXVI, Appendix) shows very little fluctuation in
time.

For Group II the time is more irregulare. The initial trial for
DeFe was ten seconds; for Ee.le., ten seconds; and for H, five secondse.
These initial Trials are comparatively small. This is possibly due to
chance; that is, the child entered 2.5 at once and found the door.
Thereafter the time increased because the subjects explored the other
tunnelwayse. In all cases when exploration begins the time slows downe
With both of these groups observations came at different pointse

The harmonic mean, when the totel time for each twelve trials
is considered, is presented in Table XIII (See pe 75)e This shows
that same of tThe subjeets of Method I required more time each trial to
rospond than those of Method Il. Methed I stimulated and encouwraged
groater observation than Method II. This differsnce in time is not

signiiicant, howevers
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TABLE XII

HARMONIC MEAN OF TIME PER TWELVE TRIALS

a Method I Method II
15
[v] RaSe DeSs KeGe DeFa He Ee«Ts
5
1 15 8 10 12 9 9
2 7 6 6 6 5 6
3 6 “5 +# 5 5 5 5
4 5 4 6 8 | #6 w5
5 |99 6 6 5 7 5
8 *“”s 5 4
6 7
5

74- Beginning of crucial testse.
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TABLE XIII
MEAN TIME IN SECONDS FOR EACH TRIAL, BASED ON LEARNING AwD TEST
COMBINED
Method I Method II
Grade 1 2 3 1 2 3
Su'b;jec‘b ReSe DeSe KeGeo DJ.Fe Ho EeTo
Time 8 7 7 6 & S

The following teble (See Teble XIV, ps 76) shows the errors
by tunnelwayse This teble further indicates the point where all errors
were eliminatede DeFe and Re.Se have the highest error recorde DJ.F,
had two errors after the thirtye-seventh trial. One of these occurred
on the 45 tunnelway in the patterns of Series A, and one on the 25
tunnelway of Series B; not a single error occurred on 6.5 This
points to the confusion that arose between 2.5, which she had responded
to in the first thirtyesix trials and 4.5 which was now the middle=-
sized one half the time.

Descriptive Analysis and Introspective Reports. =« K.G., Boy,

Third grade. He was a quiet boy with & playiul smiie. He was careiul
from the beginning. It took him twenty seconds To meke his first re-
sponse. He would always hesitate when the experimenter gave him the
ball beiore he mede his choice. He made his last error on the eleventh
trial. When asked how he knew which one the door was in, he said, "It
was always the middle one." He said, "I thought you were fooling at
first and that you were going to put it in another one, but I waltched

these (pointing to the steps) and I found that it was in the one that
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TABLE XIV

TOTAL NUMBER OF ERRORS PER TWELVE TRIALS BY TUNNELWAY, METHODS I AuD II

Method I Method II
o2 ]
§ |Grade 1 2 3 1 2 3
ﬁ Subject KaGe DeSe ReSe DuFe He EoTs
g Errors on Exrrors on
Oe5 4e5 2¢5 65 | 00D 45 205 665 | 045 445 245 605 Db 4ob| DeS 448 | 045 4,6
1. 1l 2]l1]o0 il 21 ]2 3lalz]s 71 6| 5| 86| 3 | 5
e 01 0] 010 0t 010 |0 o1 t1t2 11 2 3 1l 0 1l 1
3e 0|12 |0 0 2 | *0 0 | #0 0
4e 0 1 0 0 *1, 1
e 0 0
Totel 12| 1}0 1] 2|1 2| 3|7 |66 1012 ) 6] 58| 4| 4
* Point where each subject of Method II was preseuted with Series Be DoFa

broke down st this point.

9



was between (pointing to Oe5 and 4.5) and that one, or the middle
onee"

EeTs, Girl, Third grade. ©She was an active, overgrown child
with keen observation. When presented with the ball she rolled it
straight into 2.5 at oncees On the second trial she tried the other
twoo. On the third trial she took 2.5 at once again. On the fourth
trial she tried 0.5 and 4.5 again. She began to observe but still
maede an error scmetimes. The last error was made on the fourteenth
triale.

Yihen asked by the experimenter what she was going to name the
one whic'h had the door that would open, she said, "It is the middle=
sized one." Then the experimenter asked her how she found out; she
said, “The first time I ceame in I opened the door of the middle-sized
one; the next time I tried others; then another time I tried others,
but I found it was always in the middle one."

H., Boy, First grade. He was quiet and careful. He studied
the sibuation from the beginning of the second triale. On the second
trial when an error was made, he turned to the experimenter and said,
"May 1 have another turn?" From this point on he looked the situation

© OVer berors choosing. In the tenth trial he held tThe ball over the
step 4.5 for three seconds, observing the others closely before choos=-
iuge By the sixtesnth trisl a&ll errors were eliminated except one on
the second triel of the first crucial teste The rscords of these tests
show that there was deliberation before a choice was made.

When the experimenter asked him how he found out which one the

door was in every time, he said, "It is always the one between the
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little one and the big one. This one is the least (pointing to step
of 0.5); this one is the biggest (pointing to step 4.5); and it is
always in this one, the one between." He never could get the word
middle=sizede. This is not, however, to discredit his solu‘ciqn, for he
made a good record.

D.F., Girl, First grade, at first seemed frigitened. She did
not say a word to the experimenter for some minutes. Finally she
burst into & chatter about a game which she played with her father
and brother at home in which she had to hide her eyes. ©She was elated
when she got the correct one and often asked, "How meny heve I wonp"
When asked what she was going t» name the one which head the open door,
sne said, "What will I name it? " turned away Irom the experimental
table and then came beck and said, "I know; it is the middle~sized one."
Whent the experimeﬁ‘cer asked her what she meant by this, she put one
finger on the step of 0.5 and said, "This is the little one;" then on
4.5 and said, "This is the big one; and this is the middle-sized one®
(pointing to 2e5)« DeF+ responded quickly, which may account for her
errors.

DeSe, Giri, Second grade. D.S. was an enthusiastic child. She
played the game a&s if it were affording her the greatest joye. She
observed closely on the initial trisl which required twenty-five seconds
to make the response. On the sixth trial she made two errors and rew=
quired twenty seconds to meke the response. At this point she dis-
covered the middle-sized one. When the oxperimentsr asked her how she
knew which one had the open door, she said, (hendling the steps with

interest) "Oh, I knew a long time ago that it was the middle-sized one."
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Then the experimenter esked what she meant by the middle-sized one,

and she said, "I mean the one betwesen the big one and the little ome."
ReSs, Boy, Third Grade. He was a quiet, shy child, bub anxious

to get the correct solution. He observed but did not get any cues to

the solution. He had the highest error record in the group and never

entirely eliminated them unvil the last Two test series. He was

nervous and often confused in sach trial. Very oftten he whispered some=-

thing to himself. When he got eleven correct responses, the experimenter

asked him how he found out which one had the open door. He seemed

devoid of sny ideas of relationship. He pointed to the middle~sized

one and said, "It is always this one." The experimenter asked, "What

could you call it?" His reply was, "I don't know." Any other guestion

which the experimenter asked brought the same reply. On the crucial

test, Series D (steps black) he said, "Well, you have different steps

nowo"

4. Discussion and Interpretation

In the above tables and grauphs it is interesting to note tnat
‘the difference in periormance in the two groups is not outstandiug, but
exists. When the error teble and error curve were studied, we noticed
tnat Group I had some advantage over Group li. By tne second day!s work
or second twelve trials, the difference is still more markcd. However,
it should be noticed that each child in each group went through & finding
- out, or exploratory period. IThis exploratory period weas cautiocus in
some &nd quick and random in otherse. D« s was a good example of many
quick, random movements at firste DPossibly this type of movement mey

be labeled trial and error in its most rigid sense.
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ReSe is & good example of learning where memorizing a detell
resulted in learning ite. He gave no evidence of seeing reletionships.
It is possible, however, that there was some degree of insight, al=
though his behavior apnd verbel responses do not verify this. It could
have been present in pert, however.

KoGe is & good example of caubiousness in his exploratory move-
ment. It was the netural thing to try other tunnelways; however, this
was slways done with care.

The cereful explorers indicete mere rapid learning +than those
who responded quickly. This effort to get acqusinted with the total
situation ie applicable to all and signiiicent in that it throws light
on the future behavior. The time cwve and composite time table show
that Group I required somewhet more time per trisl then Group IX. This
was because Group I was getting acqueinted with the totel problem. It
required more caution to respond to middle-sizeness changing in position
and size than to respond to it changing in position only. Group I
geins, however, on Group II in the btotal time thet it took to complete
the problem. This is only suggestive and would nc doubt vary with
other groupse.

The curve of errors for each twelve trials shows the progress
of learning for each subjects For the six subjects the curve shows
gradual descent for a short period and then & fall to the zero point.
This gradual fall (See Pable XXVI, Appendix) in the learning curve
represents the period of trial and error learning. The sudder fall in
the curve to the zero point represents the point at which the subject

discovered a meaningful deteil in the total pattern. It was nob,
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however, apeart from the period that preceded it; but a product of that
period and might be considered esvidence of insight.

The curves of D+Fs and ReSe are very much alike but very differe
ent from the others. It is further interesting to note that R.S. was
learning by Method I and D.Fe wes learning by Method II. Though ReSe
has a shorter learning curve, probably by sheer chance, he learnsd much
less than DeFe He was the only child of this group that failed to form
the concept célled for in the learning situatione DeF. learned the
concept by the twentieth trial. But when transferred to'Series B, con=
fusion arose. This was probably a result of careless or inadequate
observation. This curve shows many trial and error movements and partial
insight.

The errors made on each tunnelway (See Table XIV, pe 76) show
no particular preference for any one tunnelway by any subject. It
shows, however, that some adventages over Method II are had by Method I.
There was a greater chance for confusion to occur in Method I becausse
the subjects were responding to 2.5 as middle~sizeress in one situation
and to 4.5 in another, with each appearing in the other as a closed
tunnelwaye. But what actually heppened was that fewer errors occurred.
Thet the subjects in Group I sew the changing proportiens in toto is a
possible explanation of this difference. It further suggests that a
situation which demends the rapid and continuous reedjustment or recon=-
struction of onet!s behavior might be a potent factor in producing the
most efficient learning.

The descriptive enalysis mentiocned elsewhere shows that every

child but D.Fe was a careful observer of the situstion from the first
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or second triale H often held the ball over one step until he could
study the other two. ¥is explanation shows clearly that in leerning
he was responding to the total pattern or configuration. DaSe is
another strilding example of this exact comparison before abstracting
the middlewsized one from the whole. K.Ge and E.Te are striking
examples of purposeful errors; that is, they were positively reacting
to 211 the tunnelwayse. Each was equal in power in eliciting responses,
but after the exploratory or finding out periocd, these were resolved
in favor of the middleesized one. This further suggests that errors
may be striking evidence of insight in learning. More will be said
sbout this when the other groups are discussed. |

These introspective reports further show that the child was re-
spending to middle=sizeness of length of approsch to the tunnelway,
end to that in relation to the other sizes. Barring ReSe who was un-
eble to give any introspective explenation, the ability to form an
abstract concept seems to be about equal for these childrens The
diiference is in the time that it required to form the concept. This
is evident and significant. ASince 21l children in this group were
of one hundred I.Q., this difference in time which it took to learn

is probably a result of experiences and personality differencess
Se¢ Summary

1. Selected children of the first, second; and third grades
formed the abstraction middle-sizeness from a learning situation which
preserved this concepts

2 Both trisl and error and insight were present in the learn-

ing situatione

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



3¢ These triel and error movements were exhibited as rendom
and exploratory movements.

4+ Insight may be complete or partial; it may be gradual at
first but complete in the end.

5. Some errors are purposeiful and may in themselves be evidence

of insighte.

6. The children acquired the concept which the situation dee

manded «

D« A Further Study of Concept
Formation in Children

i. Introduction

In order to build up another situation in which middle-sizeness
vas controlled but sppeared in a different concrete relationship, four
right circular cylinders whose diameter and altitude had the relation-
ship which appeered in the sst of three numbers forming the bases for
the construction of the panels in the first experiment were constructede
That is to say; a constant difference was maintained betwsen the
dismeters of the first cylinder and that of the seccnd and between the
second and that of the third, and likewise for altitude.

A test series constructed on these same principles consisted

of three right equilateral triangular pyremids and three right rec-

tangular parallelopipedse
2+ Generel Procedure

Apperatus. == The apparatus consisted of the above solids and

a small table and twe chairse The solids were constructed of heavy
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construction paper in the proportions given belewe. Four circular
c&liMers whose heights were 2 7/8 inches, 3 2/8 inches, 3 5/8 inches
and 4 inches, respectively, were used as the learning seriese. 2 7/8,
3 2/8, and 3 5/8 made Series A; 3 2/8, 3 5/8, and 4 mede Series Be

For the test series th; pfoportional heights of the parallel=-
opipeds were 2 inches, 2 1/2 inches, and 3 inches, respectivelys The
right equilatersl pyremids were 2 1/4 inches, 2 1/2 inches, and 2 3/4
inches, respectively.

For convenience in keeping records and tabuleting the date,
each solid wes assigned & numericsl value. Thus in the leg;‘ning
series, the solids were numnbered from the smellest to the largest in
the following order: 1, 3, S,and 7+ Series A was made up of solids
1, 3, and 5. Series B was made up of 3, 5, and T7e¢ This made it
possible for 3 and © to alternate in their respective functions in
the two seriese.

For the test series the parsallelopipeds were assigned the
numbers 2, 4, and 6, and the right equilateral pyramids were assigned
the numbers 8, 10, and 12, the middle mumber being the middle-sized
one in each groupe.

The patterns a&s they were presented in each trial are given

in the following teblee
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TABLE XV

LEARNING PATTERNS AS THEY WERE PRESENTED IN EACH TRIAL

—
—

—

Methed I Method II
35 1, b 35 1, &
3s 5, 7 5, 3, 1
5, 3, 1 1, 5, 3
7y 3, & 3,1, &
i, 5, 3 5, 3, 1
5, 7, 3 1, 6, 3
5, 1, 3 3, 1, &
75 54 3 5, 3, 1
1, 3, & 1, 5, 3
6, 3, 7 3, 1, &
3, 5, 1 5, 35, 1
3, 75 O i, 5, 3

Pest Patbterns as Pressnted in Each Trial

Parallelopipeds Pyrsmids
2, 44 6 8, 10, 12
6, 24 4 12, 8, 10
4, 6, 2 10, 12, 8
6, 4, 2 12, 10, 8
4, 2, 6 10, 8, 12
2, 65 & 8, 12, 10

Subjectse == The subjects for this experiment were fourteen
unselected children from the fairst, second, and third grades of the
Twienty-Third District School of the City of Cincimnnati. The children
were of 100 I.Qe., or approximately so, as measured by the Fintner=
Cunningham Teste. There were tihree of the group, however, whose
I.Qe lay between 12C to 130. Comparisons of these variations will
be mentioned in the subsequent discussionse

Procedure. =~ The same technigque as to srrangement of trials
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and grouping of subjects wes used in this experiment as was used
with the first experiment. That is, the fourteen children were
divided into two groups designated as Group I and CGroup II. Group I
learned by Method I; Group II learned by Method II. Iwelve trials

were considered a dayts work.

Criterion of Learninge. =~ The criterion of learning was

oleven correct responses in twelve for the learning series, and five
correct responses in six for the two test seriese.

Errorse == An error weas made when the child picked up the
wrong solid in ‘the learning or test seriese

Conduct of Experimente =- The experiment was conducted in one

of the rooms in the school mentioned above. The child was told that
he was to go to this room to play a game. On entering the room the
exporimenter and the child were sezated on cpposite sides of & small
teblee The child was asked to turn his head and hide his eyes while
the experimenter prepared the game. When "ready" was announced, the
child turned around and the experimenter gave the Tollowing directions.
"This game is called finding the permny. Under ome of these cylinders
a penny is hiddene. You may look under each one until you f£ind ibve
The geme is to find the penny eleven times one right after the other.
Watch carefully and see how quickly you can wine Begine" At this
point the child began the search for the penny; and when he found it,
he was asked to hide his eyes again while the experimenter hid it for

another trials
3+« Results

Discussion and Interpretatione == The results of this experie
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ment are given consideration under the same headings as the results
of the foregoing experiment, namely, number of trials, time per trial,
the mumber of errors per trial by choice of solids, and lastly,

descriptive analysis and introspective responsese

TABLE XVI

TOTAL NUMBER OF TRIALS EACH SUBJECT REQUIRED TO LEARN THE PROBLEM

Group I Method I

Subjec‘b E oS o MoLe BeHie DeBe ReGe EeShe FaSe Mean

Irials 6C €0 36 36 108 84 84 67

Group II iMethod II

Subjec’c EeGe NaOe FJCo LeSe BeHe E«Be . PoFe Mean

Trisls 84 108 84 36 60 60 108 77

The total nmumber of trials that was necessary for each subject
to complete the problem is set forth in the above teble (See ieble
XVI)e Comparing the actual number of trials ard the mean mmmber of
trials, we see that Method I has some advantege over Method II in
number of trielse. This is not pronounced.
Soms edvantage .of Method I over Method II as learned by this
group of children is in seeing relationships in s chauging propcrtione
Some of thess children who reached the criterion on Method II, with middie=
size chenging in position only, broke down when traansferred te the change
ing proporticne. The objective data show the results before and after the

transfer (See Tables XVIII, XIX, ppe 92 and 53, and XXIX, Appendix). It
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will be further noticed from the tables that the three superior
children have the seme number of trials in each methode This suggests
that method may not be so essential for superior children in solving
this perticular probleme In fact, for LeS. there was practically no
problem, which means that there was little learning that took place.
For the eleven children of 100 1l.Q., or approximately that, the
problem is more difficult. But even so, there are still individual
differences present which would further indiocate that the problem by
either method was not of equal difficulty for children of epproximately
the same mental age level. The progress in learning is shown in the
time table (See Table XVII, p.89 )s There is merked agreement between
the initial trial and the mean for each individual of these two groupse
That is, the initial trial tends 1o range between three and five
secondss This agrees strikingly with the average time for each trial
for each dayt!s worke This further points to the :act thet the response
was quick and random in the begimning for some subjectse

The aescent in time (See Table XXVIII, Appendix) indicates the
trials in which the subject was teking time to observe before making
8 choicee.

BeHi. began this careful observetion in the fifth trizl. All
errors were eliminated by the twelfth triale. The required criterion
was roacired in the next twelve trialss

A striking example of careful observetion in the beginning trial
was DeBe 3he required forty seconds for her initial response ard
eleven seconds as the mean time for the remainder of this day's per-

formance. Ir other words, there wes a careful study of the situation
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TABLE XVII

MEAN NUMBER OF SECONDS FOR EACH TWELVE TRIALS
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in the beginning before a response was madees This suddenly falls %o
four seconds on the second twelve trials and remains at this point for
the remainder of the learning periode.

In some cases the crucial test produced a slight ascent in time.
This indicates that there was a further challenge in these tests, and
that the situation demanded observatione In no case did a single child
react to the test situation before obéerving ite. Some obserwved more
quickly than others, but in all cases it was carefule In other words,
action was slower when the pattern or configuration was new in form
even though it wes the same in principle.

Directing our atbention to the error records, we notice that
the errcor curve has many sharp ascents and descents in the begimning
(See Graph VIII, ps 90)s This indicates that one solid operates as
a goal with the seme strength as every other one. The table of errors
substantiates this statement (See Table XVIII, pe 92). The sharp
ascents and descents preceding a sudden fall, =zs in EeShe, MeLs, NeOs,
and EeUe, show that confusion had arisen betiween the resemblance of 3
and 5 which occurred as the middle=~sized solid. Suddenly its relation=
ahip was seen in ths petiern. When this cccurred thers was a sudden>
fall to the zero point. This further indicates complete insight into
the solution of the problem. Observation of the graph further shows
that this happens early and completely for some and later and partially
for otherse ReGs, MeLe, and EeShe are examples of continued confusion
between 3 and 5. Finally this is overcome by seeing the relationship
of the Ttwo solids in the configuration, and the concept is formed.
FoSe and EsS. suffer confusion thronghout the learning and test pericd,

though the criterion is reached and the concept is formed. This has a
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TABLE XVIII

ERROR SCORES FOR EACH TWELVE TRIALS FOR THE VARIOUS PATTERN COMBINATIONS SHOWING FREQUENCY OF CLOICE
OF SOLIDS -~ GROUP I MEIHOD I

'§ EeShe MaLo DeBe ReGe FeSe Bellie
ha Solids Solids Solids Solids Solids Solids Solids
51537 153 7| 1 5 3 1 1 5 3 7 5 3 1 6 3 7| 1 & 3 7
1.l 3l 3133 | 3l3j6l4]| 4|2 (a2 | 2]4]|2]3 4 1 1/3|l4]a}| 2211
o 2l 2lsls | s|3[3;s]| ojojojo | 1]s5(4]4 311 6| 3|34 | ofolofo
3] 3| 4] 4|2 | 4|2]4| 4 213113 11 2| 4]3]4

4| 3| 4|33 | 0]0o|0O]|O 3/5(3(3 o o 3lofl2|4

el 5| 1[21 4262 ol1]|2]|o0

6.| ol 0o]jO]|O ol1]3]|0 'oooo

Te [ oj1l3]o0

Be ojo|1]o

Totall{16/124 1516 |20 {8311 | 4| 2 (4 |2 |12]19 2315 8 |3 1211 f1afe | 2|/ 211
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profound educational and social significance in that same subjects

are capable of forming concepbts but suffer confusion when the situa-
tion demands cleare-cut differentiation in the different relationships
in which it occurs. This type of response indicates partial insight
into the problem, whils DeBs, BeHis, FoCs, PeFe, MeLs, LeSe, and E.Bs

are exsmples of complete insight into the problem.

Descriptive Analysis and Introapeotive_Reports. «= The followe
ing summary sets forth the cases which are characteristic of this
group.

ReGe, Boy, Second grades In the beginning ReGs showed no
evidence of observation. He tushed ahead looking under ons c¢ylinder
after the other as fast as possible. He had a tendency to take the
one W the right firste. On the forty-seventh trial he hegan talking
about a game which he had played at homs that was simiiar to this one.
On the fifty=-second trial he began to study the situation, teking
fourteen seconds to respond as against three and five seconds before.
When he began to study the situation, errors decreased more rapidly,
but it took several trials before a psrfect score was realized.

EeSe, Boy, Second grades ESe Manifested just the reverse
type of behavior. He took ten seconds each for the first two rse
sponses, and observed very carefully each pattern. He laughed freely
end often said, "Oh, itts this one this time,” and then would make a
choicee.

BeHi., Boy, First grade, mede rapid random responses on the
first trials; then on the fourth trial he took forty-one seconds o

study the psttern befors hime. On the eleventh trial he looked at the
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experimenter and sesid, "I believe that penny is under the middlee
sized one most of the time." On the twenty=fourth trial, after
having & perfect score of eleven out of twelve, he remarked, "Why
it vas elways under the middle~sized one." When asked why he looked
for it under the others, he said, "I wanted to be sure you wers not
fooling me."

MeLe, Girl, First grades M.Le. was very shy. She responded
guickly at all times and for e long time she always took the one to
her rights. Bvidently the solution came suddenly, e&s there was no
evidence of careful observation up to the thirty=-sixth trial, but the
following twelve and the test series were all responded to perfectlye

BeHe, Girl, Third grades BeHe was very outstending in her re-
marks. She took thirty seconds to make her first choice. Then she
picked up 1 in the 3, 1, 5 patbtern and said, "Oh my, not theres"

Then she did the same for 5. Vhen she took 3 she said, "There it is."
Most every response was preceded by "oh, uhm." When she made an
error on 5 in the twelfth trial, she said, "Oh, I always want to look
under thal one." She was interested in her score and often said,

"I wonder how meny I heve nowa." On the twenty-sighth trial she said,
"Oh, you chenge them, don*t you?", meaning the penny was under a
differsnt one each time. A statemenit on the thirtyesscond trisal
showed thet she was still confused. She turned, smiled, and seid,
"Oh"; then looked under 3 in the 7, 5§, 3 pattern: "Oh," said she, "I
thought it would be there." On the first test series (red parallele
opipeds) she said, “"Oh, it’s red this time. Red is my favorite color."

On the second trial; "Oh, it is still red." Such responses as those
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mentioned abovs were characteristic of her entire learning period.

PoFo, Girl, Third gradee P.F. is another excellent example
of random responsese That is, she hastened, picked up one cylinder
after the other in turne. She showed no svidence of carsful observas
tion or that she was trying to find cues. This random behavior con=
tinued un*qil the forty=ssventh to the sixtyefourth trial, when she
began to teke more time ©o study the patterns. Careful glances of
the eye over the situation showed that comparisons were being made.
When she began to study the patterns, errors wers then made less
frequently and perfection was reached.

LeSe, Girl, Third grade, made only two errors in the entire
loarning situetion. When asked how she found out that the penny was
under the middle=-sized one she said, "I noticed the first bime I
found it that it was the middle-siged one; then I turned my head and
tried another one the second time, for I wanted to be sure; but it
was wronge The third time I tried the middle=sized one ageain and
found the penny, 80 I continued to look there each time."

The above introspective feports suggest how the children were
forming the concept middle~sizeness irom the learning situation. As
hes already been pointed out, this came more quickly for some than
for others. The amount of obseﬁation ir the initial trial was a
determining factor in forming the concepte

Further observation of the introspective reports shows that
there are two types of errors. There are errors which arise from
confusion and errors which are purposeiule LeSe., EeBe, and BeHie are

good examples of subjects who made purposeful errorse That is, they

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

96



responded purposely to the new eiement to be sure of its relation to
the total probleme Purpossiul errors are in themselves evidence of
insignt and should be siharply distinguished from errors which are made
through coniusion, of which eQe; EeGe, and BeHs are good examplese

Further observatiocn of the above description shows that many
subjects took time to study the situation. When the subject began to
take cognizance of the pattern as & whole, tims was increased; that is,
action was slowed downe This statement is corroborated by the time and
error tables. EeShe, DeBs, and BeHi. are good examples of careful
observers. That is, immediately following the increase in time, the
error record had a sudden decrease. The random movements gave place
to a meaningful response and that response was to middle=gizeness seen
in relaetion to the total configuratione

Neither the introspective responses nor the descriptive analysis
shows eny preference [or any particular solide Each was responded to
at first, but later the cornfusiocn was between 3 and 5. The table of
errors further substentiates this statement.

Hach subject at some time during the learning period made an
attempt to get cues from the experimenter as to which would be the
correct response. That is, the movements of the experimenter were
studiede.

The individual differences in the learming curve corroborate
' strikingly the introspective remarks of the subject and the desoriptive
statemente Be Hie who solved the problem in the Iirst twelve trials
told the experimenter that the penny was under tThe middlee~sized one.

His learning curve is also short, indicating a quick soluwione BeHels
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remarks (See Introspective Summary) point very clearly to the state
of confusion from which she was suffering when trying to form the
conecepte

Comparing these responses with the objective date presented in
the foregoing discussion, one readily sees that trial and error’ mmreF
ments merk the beginning of learninge. The search for the penny ine-
volved trial and error responses until the correct solid was seen in
relation to the total coniiguration. During the trial and error
period any solid was equally potent in eliciting & response; but when
the subject began to compare, the elements were being discerned in the
total situation. Thus & process of differentistion set in whereby the
response to the middle=sized solid emerges. It was a response elicited
by the stimulus of the total configwration and not from any single
detail. The learning which has teken place here is the opposite of
associations To learn by association is to build up in serial order
e. nunber of responses which finally form the Total patitern. This was

- somewhet exemplified in Group II Method II, and suggests that learuing
situations which are designed 30 as to be learned as & unit are easier
vhan learning by serial responses.

These objective davta further show that the problem was not
solved until some degres of insignt into it was gained. Most of the
subjects exnibited complete insigant following the trial and error
period, while the others manifested partial insight. That is, confusion
of relationships continued after the concept was formed. However, these
errors are not the random errors which were present at the beginning of

the learning periode

‘r
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4e Summery

1. th trial and error and insight learning were exhibited
in this learning Asituationo

20 The subjects of Group I Method I tended to learn the problem
more quickly than those of Group II Method II. The evidence for this,
however, is too small to be significant.

3« The subjects formed the concept for which the learning
situation was designedes

4. A rolavionship between concept formation and intelligence

was evidente

Se Purposeiul errors were made, These in themselves indicating

behavior with insight.

S5e Comparative Analysis of Animel and
. Human Learning

In order thet each group of subjects for this experiment might
be further campared with the other, a composite learning curve was
constructed for each group. These curves were constructed by the
Vincent 2 moethods

Comparing these curves, one readily sees the wide variation in
time as between humans and animals at the beginning of the learning
period. This difference is negligible for the human subjects throughw=

out and for all groups at the temination of the learning period. The

2
Vincent, Stella M. "The Function oi the Vibrissae in the

Benavior oi the Wnite Rat," Behavior lMonograpii, Vols I, kos 5 (1911~
12)’ PP 7 = 8l.
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error curve also shows marked differences between humans and enimals
in the beginning. With children the ascents and descentis are sudden,
while with the animals the escent is gradual. The error curve further
shows that the geometric solids made the hardest learning probleme

A glance et the indiviaual learning curve of the three groups
reveals essential likenesses and differences.

1. Each curve and the error tables show a period of trial and
error learning for each groupe

2¢ Tnere are plateaus followed by & sudden fall in the learn-
ing curvee

3e fThere was a slight ascent in the time curve when the crucial
test situations were presentede.

4o The animals have the longest time and error curve and the
highest time and error scoreses

5e¢ Unselected children have the second longest Time and error
curvee.

6. Selected cm.luren have the shorvest curves of the thres
groupss This suggests that the problem which was used with the animals
wes easier for them, comparatively speaking, than the problem which
was set for the other group of chiidrens

7« Both animals and children exhibit similar learning behavior
in the initiel stages of learning. That is, there are random and
oxploratory movements. The children, because of superior powers of
observation, are capable of sensing the situation ani eliminating
errors more rapidlys.

8¢ I[he animals gained their krowledge oi the situation tarough

kinaestneslis and vision only, so fsr es objective observation could
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showe The children apparently proiited by verbal instruction, employ-
ing keen visual powers and by drawing on past experiencess

e The children did not show any tendency for posit‘ion re=
sponse. Some of the animals did. Ret 2 and Rat 10 are examples.

10. On the whole the children demonstrated complete insight; 5
that is, a perfect solution. RS« and F.S. are excéptions.

li. On the whole the animals had complete insight into the
solution; Ret 4 and Rat 10 are exceptions.

12, The time tables sShow that the children on the average ree-
sponded more quickly than the animals. This is becauss the childts
keen visual powers enabled him to look the situation over more quicklys

13. The children werc more definitely motiveted from the be-
ginning than the animalse. The child was Told whet he was to do; the
rat had to find out by finding the food box the first time.

14. The error scores of the children, taking the group as a
whole, decreesed more rapidly then the error scores of the animalse.
This shows the advantage the child had over the animal in grasping
more quickly what the sivuation demanded.

15. Both species showed sligntly better performance on the chang-

ing proportion than on the constant proportion.

3

Auguste Alpert, "The Solving of Problem Situations by Pree-
School Children," VTeacners College Coniribution to Educaticn, Noe. 323,
pe 41, 1928.
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16+, The twoc theories ¢f learning are essential in explaining
the behavior of both humens end animals in this leerning situation.

17. The learning curves of enimals and human subjects give the
same genoeral picture for the initisl period of learning.

E. The Iwo Types of Learning and
Concept Formetion in Adults

le Introduction

The learning situations for children snd animals were identical
end parallele. For the animels and the first group of children the
situation was identical in nature. That is, the same experimental
apparatus was used for both humens and erimels, In a further study of
concept formation in children the learning situation was ldentical in
principle only.

In an effort to further study the two theories of learning, a
group of twenty college sophomore students was selected.

A definite attempt was made to produce & learning situation
which would reduce the lesarning behavior of adults to & level that
would bar the use of previous experiences as nearly as possible. That
is, the situation wes e new one, end the response was one which the
subject hed not been required to make to this pardticular stimulus
before. The problem was met in utter ignorance, forcing the response
to be the learnert!s own discovery just as with the animals and the
children.

For college students to form the concept "middle-sizeness,"

the situation must be difficult enough in its nature to force the

learner to respond in & new way which he himself heas invented. Furthere
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more, the stimlus must be such that the learner might respond in

meny ways, out of which will ultimaetely come the desirsd response.
2¢ General Proccedurs

The Learning Situation. =- As a means of arousing this behavior

the folleowing experiment was devised so that the abstract concept
middle-gizeness was mainteined wholly in the ebstract in both arithe

metic and algebraic symbols.

The Learning Series. =- For the learning series three resl

numbers were chosen in the same manner as those for the first experi-
ment; that is, a constant difference was maintained between the first
and second and the second and third. But extra precaution was taken

in order to control the abstractness of this concept and the concept
itself, That is, the numbers were so chosen that in & group of three
numbers all the numbers were either even or odd. Heving chosen one
group of three numbers, two hundred and ten groups were then esteblished
in the same mamner. This formed a learning series consisting of two
hundred and ten groups of three numbers esch. The following table is
composed of the first twenty groups of the learning series and is in-

corporated here to meke clear its nature (See Table XX, ps 106).
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EXANMPLE OF LEARNING PATTERWS FOR ADULT STUDENTS

TABLE XX

18
24
19
33
22
31
33
20
10
15
16

15

17

12

25

17

29

26

63

67

16

23

12

(V2]

29

18

23

27

10

25

15

20

21

23

25

22

55

71

12

15
18
11

26

13

29
29
21
30
99
63

14
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The Test Seriese. == For the test situations four series of

numbers were designed. Each series consisting of twenty different
groups made a separate test situation. The first test situetion was
similar to the learning situation but was made up of three plece
numbers for each group (See Table XXI, pe 108), end another series
was made up of three four place numbers for gach groupe

In the third test the situetion was mede more abstract in its
nature by the use of algebreic symbolse. Three variables, e.g, X; Y,
and Z, were so chosen that whenever Uhree exponents which comprised
& group of three mumbers choser as in the first experiment were used
e.s the exponents of the proper symbols, that is Xl, Yz, 23, it would
be possible if ooccasion demanded to assign arithmétic numbers to these
symbols and thereby obtein a group of three mumbers meeting the general
criterion of the three numbefs in the first experimen%. Other groups
of symbols having different bases and different expoments were then
established (See Table XXI, pe 108).

As o fourth best series, five numbers were chosen such that
the difference between any two successive numbers was constant. Middlie=
sizeness in this group alweays appeared in the third number of the
sequence, arranged in monotonically increeasing order. However, in
presenting the test series this order was not preserved, and the middle=-
sized mumber could appear in any one of five positionse

Apparatuse =~ The apparatus for this experiment consisted of a
metronome for keeping time constent and a Line~a-time machine {See
Figure 9, pe 109) for exposing & group of the numbers for each triale
When the lever on the right was pressed down, & new line, that is, a

new group of numbers, was presented to the learner. The experiment
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TABLE XXI

EXAMPLES OF FPAITERNS FRQM THE FOUR TESTS

Test 1

Test 2

777 780 783
959 953 947

128 124 120

2621 4731 6941
8500 8910 8705

1798 1586 1583

Test 3 - Test 4

3
A B ¢? 14 12 15 16 15
met x? gyt 20 19 18 21 22

(a-2)° (D-E)*® (cwp)?

24 20 23 22 21

was conducted in the educetvional psychology leboratory at e time

that was convenient for the studente.

Procedure. =- The twenty subjeets for this experiment were

members of the introductory courses in educational psychology in the

Teacners College.

The procedure here differs from the procedure in the abcve

experiments. The subjects in this experiment learned the problem in

one sitting with tThe time kept constant by ths metronome. A pree-

liminary experiment revealed the fact that three seconds would be

smple time for any one trial of the learning seriese
The subject was seated in front of the Line-a=time mechine

(See Figure 9, pe 109) ard given the following directions:

“Each time this lever is pressed down you will be presented

g
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with a group of three numberse One of these nmumbers is alweys right.
I want you to guess which one it is. When you guess right, I%1ll say
trighte? When you guess wrong, 1?1l say fwrong.! You will continue
to guess until you have ten right in succession. When you have ten
right in this group we will try otTher groups. You will be given three
seconds for each guess. Give careful attention to how you learned
which is the rignt number."

When the student had learned the problem and had responded +to
the tests, he was asked to write answers to the following questionss

1. How did you learn which was the right number? Describe
in deteil.

2. What emotional disturbences were you. conscious of'?

3« What influence did the anncuncement of right and wrong
have upon you?

4., Which of the test series did you find most difficult?

Recordse ==~ Records were kept of right and wrong responses that
were random responses and those that followed patternse

For a student to follow a pettern such as upper right, center,
then left, or two left, ono center, one rignt, showed more insight
than if he just guessed at random, because he was following the
announcement of "right" end was surmising that it was right because
it was e pattern. Two wrong responses following the breaking'up of
one of these patierns were counted as insighitiul errors. In fact, it
showed more insigat to follow what had resulted in “rignt" in previous
triels then to guess at random. When the pattern was broken by the
announcement of “wrong” by the experimenter, random guessing was re=
sorted to again until another pattern wes discoverede The learning

proceeded in this way until the learner began to seek relationships in
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the group itself; then a sudden discovery of the middle nmumber was
realized. The introspective reports corroborete this method of chedk-

ing errorsa.

The Criterion of Learning. =- When the subjeet had made ten

correct responses in successicn, the problem was considered learnede
Then each of the test series was presented in the order mentioned
above and the criterion here was ten correct responses in succession
on each beste The time for Test 1 and Test 2 was five seccnds for
each triale For Test 3 and Test 4 it was seven seconds for each trial.

The student was then asked to answer the four guestions listed above.

3e Resulis

Discussion and Interpretatione =- The merits of trial and error

learning as compared with learning by insight are beginning to command
more of our attention and consideration. As we shell point out in the
following di:s,cussion, insight canmnot be considered as an independent
mode of behavior per se, but 1t is better understood when cone
sidered in relation to the "trial" and "error" processes.

The resulvs of this experiment which are of primari/ interest
are those which are recorded in Table XXII (See Table XXII, pe 1iZ2).
The errors are listed under random errors, and insightful errors. The
random errors were & result of sheer guessing. The errors that were
accompenied by insight were those which followed the breaking up of a
paettern by the position of the middle-sized number changing. The
evidence of each form ¢f behavior was recorded in the following manners

Each page of The learning series was composed of twentywcne

groups of tihree numbers each, as shown in Teble XXe A record of right
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and wrong responses of each subject was kept to correspond to sach
page of numberss The middle number on these pages formed different
patternse For exemple, i9, 18, 11 formed one pattern. The pattern
+then changed to 29, 18, 27. Any two errors & subject made following
the bresking up of such a pattern were considered errors of insight,
becguse to follow the same plan which had been successful was evidence
of more insight than guessing at random. All other Wrong responses
were & result of random guessing and chence. 1 right responses
which were made by following oné of these patterns and which were
made afber the concept was formed were considered a result of insight.
All othere were a result of chance and random guessing.

These data are assembled in Table .XXII in such a way as to give
all detelled data for each individual and the composite picture of
the groups

The amount of each type of behavior which was present weas
determinede

The per cent of the total behevior of each individual which was
due to trial and error was found to dividing the sum of a = c (See
Teble XXII, pe 112) by the total mmber of trials in esch case. The
per cent of the total behavior of each individusl which wes due to
insight was found by dividing the sum of b + d # o by the total
number of trisls. This table shows the record of each individual and
of the group as a whole. For example, subject number three exhibited
the greatest amount of insight in learning the problem, and number
fifteen demonstrated the least amount of insight. The total picture

shows, however, that thore is approximetely 58 per cent of the behavior
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that is a result of insight, and in all cases this is accompanied by
trial and error behavior.

From the above data one sees the two types of bshavior present
in about equal amounts until the relationship is seen. After this
insight plays the dominent® role until the criterion is reachede In
each cese the change in behavior came suddenly; that is, the solution
was seen at once, end in this we have evidence of insight.

Another test of insight came when the learuer was presented
with the tests. The natural question was: Would the concept formed
function ip these new situations? The concept did function in nineteen

of the twenty cases, one of the subjects failing to reach the criterion

on Test 3 and Test 4.
4., Introspective Analysis of the Learning

For the.introspective reports the learner analyzed his own
behavior. Those which were typical are reported here, and further
substantiate the objective data.

Number 2e¢ "I guessed first the hignest number and then the
joweste When both were vrong I chose the middle number which wes core-
recie Aflter finding the way of doing it, I still made errors by notb
observing carsfully enough.”

Number 8. "I first tried to discover some patbtern tirough the
columne For instance, 1 began on the upper rignt and went to center
and then to leit. I tried several of these patterns without success.
After a while, I noticed the number between the other two in size was

righte. Then I tried to see if the smallest number was correct when
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it appeared on the leit. This was wrong; I then discovered the middle
number in size was correct.”

Number 10. "At first I thought the place of the figure deter-
mined whether it was right. For example, the first right should be in
the middle, the second to the right, the third to the middle and the
fourth to the right, but that didnt't wo;k. Then it suddenly dawned
upon me thet the size of the figure determined whet it was. So I tried
the smallest, the largest and the middle=sized number; the middle-sized
number proved to be right."

Number 1lle "I tried many patfern combinations then I guessed
at rendome. Then 1 tried the highest and the lowest number of the groip.
I then tried the middle number in value which proved true."

Number 14. "I tried several number patterns such as the second
number in one row followed by the second npumber in another. When 1
round position did not seem to work, I looked at the numbers themselves,
wien I hit upon the middle value. When thnat worked several times 1
cantinued."

Number 16. "I thought at first the numbers were right accord-
ing fo the columne. I thougnt that the correct number wes in the first
column twice then in the third colwumn once because iv worked that way
ior awnile. Taen aiter a while (random guessing) I got three rignt
and noticed that it was the middle number in relgtion to the other two
in the group."

Numbsr 18. “First I guessed at random, then I tried zig-
zagging, trying to figure out patiernse This did not worke Then I

guessed for awnile. Then I noticed that there was a definite interval
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between the nmumbers. After s fow mistekes, I found that Tthe correct
number was half-way betwesn the others - and at last found it was the
middle number.”

Number 20. “At first I was merely guessing; then I tried
nmmber pat&;efns. After many attempts I Tried relationships of mumbers.
Then I found the relation was the middle number."

These reports show that trial and error learning witnessed the
beginning. They further show tThat the learner was following those cues
or patterns which brought the announcement of "right" oftener than
"wrong." This was insightful behavior even though it was following &
false cue. These reports further show that the learning situation was
so set that the subjeot was compslled to gét the solution by seeing the
relationship within the group. Reacting in a serial order failed to

give the solution. It always emerged from the total patierne.
5 The Influence of Right and Wrong. on learning

The responses of those subjects who experienced the influence
of saying "right" and "wrong" are listed below.

Number 2. "Saying 'right! and twrong! served as a guide in
the solution.”

Number 3. “Saying !right! encouraged me sligntly. Saying
twrong! discouraged me slightlye"

Kumber 4. "'Right' and fwrong' aided in discovering the right
number."

Number 7. "The answer of !wrong' was very discouraging at the

beginning, but fright' or 'wrong! had very little effect upon me after

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



118

I got started on the right taske"

Humber 9. "Saying ‘wrong?! mede me sagry."”

Number 1le. "Saying fwrong' mede me angry.”

Number 12e. "Saying frightt! encouraged me."

Number 13. "Saying ‘wrong! discouraged me. Saying ‘right!
encouraged mee"

Number 15. "I said the middle number because you said ‘rightet"

Number 16. "At first tright' and *wrong! meant nothing, but
efter I saw the relationship, I paid attention."

Humber 18. "The answer ‘right' encouraged me. The answer
'wrong! annoyed me."

Number 20. "The answer fright! encouraged me. The answer
‘wrong! displaced my number pattern, then I guessed until I founﬁ
right againe"

This shows that sixby per cent of the learners were definitely
influenced by the announcement of “right" or “wrong." The other forty
per cent are not mentioned bscause they felt no definite reaction when
"right" and "wrong" wers announced. The announcement of wrong always
meent that the learnerts patiern or cue which he was following was
broken up; consequently, a greater effort was made to follow the announcew
ment of "rignt." In other words, the amnouncement of wrong brought dise

4
tross to the learneres

4
Eelo Thorndike, Human Learving, pe 40. New York: The Century

Coe, 1931,
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6e Tests

When faced with the test situations most of the students said,
"Well, I guess this is something different; I%1l see,” or "This is the
same thing; I'1ll sees" Therefore, their first responses were explora-
tory; that is, they were getting acquainted with the new situation.
The behavior playing the role here was of the exploratory trial and
error type, because in making the transfer to the new situation the
learner was atbempting to become familiar with all of its aspestse.
This points to the fact that trial and error behavior may be present
in operating a concept even when it is definitely known. Consequently
the errors made (See Table XXIII, pe 120) are indications of more
insight, rather than lack of insighte. In fact trial and error be-
havior accompanied insightiul benhavior and could not be sharply dis-
tinguished from it in many cases. That is, mos® errors cceurring in
the test situations were purposefule. Referring to the table of errors
(See Table XXIII, p. 120), one sees at once that the test situation
in vhich most errors occurred was lest 3. This was the algebraic
symbolse The i¢ollowing introspective analyses of the Test situations
corroborate these statements. The algebraic symbols were more abstracy

and also more compleXe

Introspective Reportse «= Number 2. "The algebraic symbols
worse the hardest because regponding to the numbers and levters together
was hard."

Number 3 "The group of Tfive numbers was the hardest."

Number 4e "The group of five numbers gave the most trouble."
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Number 9 "The hundreds were the hardest for me."

Number 10. "The algebraic symbols were the hardest becsuse
letters and figurss were confusing.”

Number 13. Y“The hardest test was the algebraic because I cone
sidered the letbter end the symbol."

lumber 1l4. "The algebraic series was the hardest.”

Number 15. "The group of five numbers was the most difficult,
because there were more figures to see."

Number 1. "The algebraic symbels were more diffiecult because

the letter and symbol were considered.!
Y¢ Emotional Resaciions

Enotional disturbances are not always apparent to the observer;
tnereiore, the iuntrospective reports of the subjects are illuminating
in many cases. In most cases a tenseness was obvious to the experi=
menter; however, that is not as valuable as the following statements
Whicn give the speciiic disturbance from which some of the subjects
suffered. Those who suffered no emotionsl strain ars not mentioned.

Tumper l. "I suifered a slight strain because of the conscious=-
ness of being timed."

Number 2. YThe fesling of not grasping the situavion always
sTirs me to more invense erfort. As 1 distinctly dislike the fesling
of being unable to grasp the meaning of any situation, I will concen-
trate more deeply to avoid this feeling of inferiority."

umber 4. "I was slightly disturbed because I thought I would

be slower than the averags."
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Number 7. "I became too anxious after finding the solution,

causing mistakes."

Number 9. "I was angry."

Number 11. "I felt bewildered and engry."

Number 13. ™"After trying for some time and not succeeding I
was nervous snd anxious to find the right system."

Number 15, "I worried because it made me feel ignorant.”

Number 18, "I was worried when I couldn't get the number. I
became excited when I was successful.”

Forty per cent of the learners were frank to admit that they
were conscious of an emotional reaction accompanying the learning
situation. This is significant because it shows that the subjects
were not only struggling with a new learning situmation but with an

emotional reaction also which wes playing a role in the learning.
8. Summary

l, College students of sophomore level exhibited both trial
and error and insight learning in forming the concept middle-sizeness.

2. The amount of irsight present in this experiment compares
favorably with the amount present in the other experiments of this
study.

3. The law of effect influenced at least sixty per cent of
the group.

4. New methods of response were immediately initiated when

the situation evoked them.

5. Random errors and purposeful errors play an important role
J¢ P

in this learning situation,.

hY
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CHAPTER I1I

STMMARY AND CONCLUSIONS
LAe PFactuel Conclusions

The problem as stated in the beginning has been solved and the
questions whnich were raised with respect to it have been answered.
From the experimental findings = number of conclusions are nerewith
mads.

1. Insight and trial and error learning are two types of
reactionsybut neither can be snarply distinguished from the other;
instead, one supplements the other in eany complex learaing situation.

2. Both methods of learning sre functioning, and for both
animals and humans, when the concept middle=sizeness is being learnede.

3¢ In tThe beginning behavior is mainly of the triasl and srror
type, but both methods of reaction are found at any state.

4; Insight is most evident for both animals and humans towards
the terminal portion of the learning pericde.

5« There is more trial and error behavior preseanv in animals
than in numans in "ck‘;e same learning situation.

6e Individual differences obtain in both species aud in groups
of' the same species.

7o On the wnole with both humans and animels the soluwion comes
graduelly, finally merging into complete insight with respect to the
problem.

8. ruclial tests warrant the conclusion thet snimals use visuel

123
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and kinaesthetic cuss in solving the probleme
9« Presenting the learning activity as & whole has slight

advantage over presenting it in part.
Be Theoretical Counclusion

Since the purpose of this present study has been to throw
lignt on the two theories of learning, certain statements relative
to then seem justified.

In the first place "sudden" meaning immediate solution as soon
as the problem is presented, means that there is no problem, hence no
learning tekes place.

The experimental findings of this study point to the fact that
wnere the solucion is virtually known as soon as the problem is pro=
sented, tnere is in reality no learninge.

Behavior enacted in such situations demonsirates neither in=
sight nor trial and error bshavior; ratner a series of respounses ale
ready known and already organi;zed.

Cn the other hand learning is not to be reported as merely a
series of trials, errors, and accidental successes through which a
series of speciiic bouds are formed betwesen siituailion and respousee.
Learning is a dynamic prdcess wnich calls for reconstruction of bee
navior, meking possible many responses. Such complex learning situae
vions call out benavior for which both the law of use and eifect are
inadequate as full explanstory categoriess

Learning may take place in serial order, ie3e., by learnicg the

partss Or, leerning may take place by the emergeice of the parts
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from the whole, so that the part is seen at all times in ité relation
to the whole unit of activity. The experimental findings of this re-
search point to the letter as slightly more favorable for learning.

Therefore, trial and error responses play a conspicuous role in
learning. They precede, accompany, and supplement insight. They are
not mechanical responses as have been asserted by crities, but flexible,
lending themselves to immediate recanstruction when the situation
demands it.

Finally, there seems to be no reason for antagonism between the
two theories, as such. Both types of behavicr are present throughout
the entire series of experiments, and an interpretation in terms of
one exclusively cen be made only by ignoring the facés.

The conclusions stated are universal for this research, holding
alike for lower animels and humans, and for both motor and intellectual

("verbal" or "linguistic") prcblems.
Ce Educational Implications

On the basis of the asbove findings, the following implications
for education are tentatively proposed:

1. Learning has its beginning in triel and error movements; that
is, in learning to row a boat, play a piano, or to reason, apparently
random or useless. activity may be expected to appear. Likewise learn-
ing may be expected to emerge or end as organization or insight often
highly conscious.

2. learning problems which are solved instently should be looked
upon with skepticism. They afford no opportunity for learning or growth.

Furthermore, they have not chellenged the leermer.
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3. Children should be given many opportunities to form abstract
concepts through experiences in highly concrete and vital situations
and hence secure general modes of response for subsequent employment
in additional life situations,

4, Learning situations should be designed so that less oppor-
tunity for learning of the serial type will be present, and hence, a
larger possibility for the whole problem or unit of activity to con-
dition the leermer'®s behaviore

5. The principle of confusion which was so evident in the experi-
ment with children in forming the concept middle-sizeness, has profound
educetional and social significance. That is, confusion which arises
with respect to the formation of right relationships in the use of con-
copts may point to the origin of many breakdowns which come in education
and society.

6. Bducational and social situations might be so designed and

controlled thet desired concepts and ideals masy be formed.

D, Problems for Further Investigation

In the course of this experiment problems have emerged which, if
solved, would throw added light upon the two theories of learning, yet
would not, so far as the writer can judge, affect the conclusions of
this study. Those which seem most signiiicant for further research are:

1, Retention in relation to concept formatiorn in rats.

2+ A comparative study of concept formation in dull, normal,
and superior children.

3+ The relation of chronological age to concept formation in
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ratse
4+ A comparative study of learning by trial and error and by

insight in superior children.
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TABLE XXIV

TIME IN SECOND PER TRIAL FOR EACH SUBJECT

Trial| Rat 4 Rat 5|Rat 6 Rat 7|Rat 8|Rat 2|Ret 3 Rat $|Rat 10|Ret 11
1 4500| 385 | 1150 | 210 | 690 | 3645| 100 |[611 | 1090 | 2500
2 50| 355 102 | 56 45 664 115 | 100 185 55
3 20| 20 10 {105 | 130 690 75 [103 123 35
4 30| so 86| 20 11 135 | 130 21 25 60
5 80| 95 20 186 9 125 22 5 16 100
6 46| 270 .29 {168 69 105| 50 11 10 16
7 80| 330 35| 22 85 45| 70 10 75 19
8 71| S0 58 | 19 8 40| 31 85 125 19
9 260| 75 11| 20 14 | 1800| 19 50 15 10
10 660} 165 20| 29 38 24| 15 25 10 14
11 670! 65 20| 65 15 20| 45 7 7 55
12 310| 45 45 | 150 9 28 8 62 15 10
13 240| 179 20| 186 22 14| 150 7 22 18
14 a5} 46 38| 40 6 36| 23 5 25 46
15 135] 69 50 | 30 25 20| 27 14 8 12
16 144} 110 25 | 48 7 37| 17 8 11 7
17 48| 20 30| 8 31 30| 11 10 27 11
18 73] 44 23 8 6 58 4 20 19 15
19. 35( 58 20| 25 26 26 5 19 6 14
20 35! 75 20| 15 10 102 6 15 35 12
21 50| 23 9 7 12 23| 13 15 6 11
22 55| 50 10| 15 16 49 | 25 6 6 14
23 23| 18 30 5 20 24 4 36 4 12
24 60| 20 7 6 24 29 | 15 22 4 13
25 65 | 105 5 3 8 270 | 3¢ 35 30 20
26 55| 35 15 8 5 65 | 11 11 i5 13
27 65| 35 12 | 10 5 61 5 5 5 10
28 50, 31 35 1 70 4 290 5 15 5 5
29 82| 30 12 4 8 42 | 15 5 5 27
30 25| 25 6 | 10 5 184 6 5 10 10

1 50 | 50 45 | 22 6 60 5 12 5 5
32 29 { 10 12 | 10 25 27 3 6 4 5
33 258 | 22 20 7 5 30 5 10 10 36
34 15 | 29 11 | 10 10 105 2 8 5 4
35 40 | 15 35 5 9 | 2310 | 10 4 34 4
36 22 | 19 10 | 12 5 85 5 12 25 4
37 40 | 25 13 | 25 63 12 | 37 75 37 6
38 35 | 20 19 5 4 150 6 15 4 25
39 12 | 11 16 | 11 9 40 4 5 5 6
40 50 | 35 16 8 5 25 5 15 9 5
41 100 }110 32 6 5 19 | 19 6 4 5
42 45 | 85 15 | 26 3 45 | 10 s 105 90
43 15 | 4o 10 | 10 7 60 4 7 2 3
44 11 | 30 55 5 7 45 5 4 10 3
45 35 | 25 20 7 5 22 6 11 43 4
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TABLE XXIV (Continued)

Trial | Rat 4|Rat 5 [Rat 6{Rat 7|Rat 8 hat Z2|Rat 3 |Rat 9(Rat 10|Rat 11
46 11 82 35 8 4 35 5 4 4 8
47 15 16 15 5 7 20 5 27 4 4
48 150 10 50 5 7 5 70 20 5
4Q 75 | 105 37 10 22 14 10 6 10 10
80 20 32 15 4 3 15 7 5 5 5
51 10 15 66 6 27 35 5 10 27 7
52 30 6 8 8 3 60 3 4 3 4
53 45 10 8 6 4 46 4 5 44 4
54 20 10 10 25 5 15 4 6 5 8
55 9 32 25 5 4 10 3 8 6 5
56 7 12 25 4 4 15 1z 3 5 4
57 15 18 11 5 5 10 4 4 15 4
58 10 7 10 5 7 11 4 5 4 3
59 20 10 4 6 6 S 5 5 4 4
60 10 7 13 B 3 5 4 14 10 5
61 5 11 11 10 11 7 10 10 8
62 18 22 10 5 20 10 6 3 4
63 22 6 10 10 16 4 4 7 6
64 17 5 5 5 10 4 4 10 3
68 5 7 20 3 6 4 4 4 3
86 7 5 4 6 18 4 4 10 4
&7 20 5 15 15 6 4 3 5 3
58 5 20 6 4 6 2 6 3 3
69 7 5 5 5 5 4 4 7 4
70 6 5 4 2 4 30 3 5 3
71 6 15 8 3 30 3 3 4 3
72 6 4 6 5 5 3 4 4 5
73 30 65 4 16 30 13 20 6 85
T4 15 9 9 5 S 6 4 4 5
7% 9 5 5 5 4 5 12 5 5
76 4 5 5 5 5 3 4 | S 3
77 10 10 6 3 10 10 4 4 15
73 7 5 4 4 6 3 4 20 5
79 8 5 5 4 5 4 4 5 5
80 4 8 8 3 5 4 4 5 5
81 7 4 6 5 13 G 4 45 4
82 10 10 4 15 8 5 3 3 5
83 5 7 10 4 22 4 4 € 15
84 8 5 5 10 27 3 15 7 6
85 9 15 12 7 21 5 65 18 P
88 10 10 7 5 5 |1i¢ 7 4 11
87 15 5 7 S 6 11 11 30 11
88 6 4 7 6 8 4 5 10 4
89 4 6 5 8 20 3 47 5 4
80 15 6 30 12 6 11 7 10 15
91 13 62 6 10 7 4 4 4 5
R 10 10 5 11 6 4 8 4 5
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Trial {Rat 4 |Ret 5|Rat &|Rat

T|Rat 8{Rat 2|Rat 3|Rat 9{Rat 10| Rat 11
Proportions Increased
1 0 0 1 0 o 0 0 0 0 0
2 1 0 0 0 0] 1 0 0 1 C
3 0 0 0 0 0 0 0 o 1 0
4 0 0 0 0 0 0 0 0 3 0
5 1 2 0 0 0 0 0 0 1 0
6 1 0 0 1 0 0 0 0 2 0
Rectangular Steps « Black
1 2 0 0 0 1] 1 ¢ 0 1 0
2 0 0] v 0 0 0 v 0 0 0
3 0 0 o) 0 o) 0] 0 0 0 o
4 v 0 0 0 0 0 0] 0 1 0
5 0 1 0 0 0 0 0 1 0 0
6 0 G 0 0 ¢ 0 ¢ 0 Q 0
Irapezoidal Steps e Width Increased
1 0 0 0 0 G 0 ¢ 0 0 0
2 G 0 C 0 0 0 0 G 0 0
3 0 1 0 0 0 0 0 0 0 0
4 0 0 o 0 0 0 0 U v 0
5 v 0 o} 0 0 0 1 1 1 0
6 0] 0 0 0] 0 0 U 0 U 0
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TABLE XXVI

TIME IN SECONDS PER TRIAL FOR EACH SUBJECT

Trial D. Fo He E. Te Re Su D. S. Ke Go
1 11 5 10 35 25 20
2 10 15 35 29 20 17
3 20 6 15 10 6 12
4 5 20 30 10 20 10
5 23 20 15 22 20 16
6 17 6 b 17 5 7
7 40 20 5 25 6 7
8 6 8 15 8 6 8
9 17 15 25 22 6 8
10 11 8 6 17 7 1
11 22 4 5 15 5 15
1z 25 11 5 16 S 7
13 15 4 5 8 5 7
14 21 15 5 7 5 6
15 7 5 15 10 10 7
18 15 5 6 7 17 4
17 8 4 6 15 5 7
18 5 5 6 10 6 5
19 5 5 6 8 6 5
20 5 5 5 15 10 6
21 5 5 5 7 6 12
22 4 5 6 14 8 5
23 5 5 6 16 5 5
24 4 5 5 15 6 5
25 4 5 5 22
26 5 10 4 9
7 5 5 5 10
28 5 5 4 5
2¢ 5 6 5 8
30 5 -5 5 15
31 5 5 5 6
32 5 5 b 5
33 6 5 5 5
34 8 5 5 5
35 4 5 5 5
36 5 7 5 5

37 10 5
38 9 5
38 7 22
40 8 6
41 10 7
42 10 10
43 5 10
44 5 15
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TABLE XXVI (Continued)

wmmmﬁ—r'—mr:m
Triel D. Fa H, E. T. R. Se . Se Ko Ge

45 8 5

46 8 7

47 12 15

48 12 é

49 8

50 7

51 6

52 9

53 4

54 5

5% 4

56 5

57 5

58 5

59 4

60 4

Crucial Test

1 5 6 5 20 7 5
2 5 10 5 8 5 8
3 6 8 6 18 5 6
4 7 5 5 7 5 4
5 10 5 5 10 4 5
B 8 5 4 45 5 5
1 10 10 5 10 5 6
2 12 5 5 7 3 6
3 12 6 5 10 4 5
4 4 6 5 8 5 6
5 3 7 5 8 5 3]
6 5 5 5 7 5 5
1l 5 5 4 8 5 6
2 4 7 5 5 6 5
3 8 6 5 5 5 5
4 8 5 5 6 5 6
5 4 6 3 5 6 5
6 5 5 5 5 8 6
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TABLE XXVII

ERRORS PER TRIAL FOR EACH SUBJECT
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TINE IN SECONDS PER TRIAL FOR EACH SUBECT
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TABLE XXVITI (Contimued)

Trial | BeShe|lele |DaBe |ReGae [BaSe [FaSe [BeHi, |NaOu EuCG. [FoCo |BuH. |P.F. |E.Bs| LaSe
46 11 4 11 3 7 4 2 4 6 5 5
47 11 4 7 3 1l 3 4 4 4 112 5
43 3 4 7 4 5 4 3 4 4 8 4
49 8 5 3 3 5 4 7
50 4 3 5 4 110 3 5
51 15 <] 6 5 4 4 6
52 9 14 9 4 8 4 8
53 7 20 4 3 3 4 9
b4 5 10 5 4 3 4 ] 6
55 12 6 6 3 7 5 10
56 6 4 4 4 15 4 ]

57 9 5 8 5 6 4 15
58 11 12 4 5 6 4 11
59 10 4 6 5 4 3 {9
60 4 12 5 4 | 6| & | 8
61 4 22 6 3 4 3 | 14
g2 4 10 4 3 4 5 22
83 5 8 4 4 3 5 14
64 5 8 4 4 6 4 10
85 2 7 6 3 5 4 6
66 4 9 8 4 4 5 i 8
67 3 13 5 4 4 4 b3
68 & 8 4 4 5] 5 5
69 4 9 5 5 3 5 5
70 3 9 6 5 5| 6 4
71 5 8 5 4 2 4 S
72 5 5 4 3 5 4 2
80 10 4 Lo
81 15 5 | 4
85 10 4 z
87 18 4 3
88 20 4 4
89 10 4 1
90 4 5 5
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TABLE XXIX (Continued)
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TABLE XXIX (Con%tinued)
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TABLE XX

MEAN TIME PER TRIAL FOR EACH DAYS WORK OF TWELVE TRIALS

12th |Ret 4|Ret 5 Fat 6/ Rat 7|Rat 8| Rat 2 |Rat 3|Rat 9 [Rat 10|Rat 11
1 68 93 24 31 18 64 28 16 15 23
2 52 40 10 70 12 29 9 11 8 14
3 34 25 11 8 6 61 5 8 6 8
4 21 12 19 7 6 38 6 8 5 6
5 14 8 10 6 5 13 5 5 8 5
6 11 5 6 5 8 8 4 4 5 4
7T 7 6 6 5 4 8 5 5 6 6
8 t 9 6 5 6 *8 10 5 6 4 5
) 6 6 4 7 7 8 5 5 5 4

10 6 5 4 5 7 6 4 4 3 4
11 +7 5 4 6 5 4 4 5 +5
12 | 4 8 4 ¥ 6 X8 4 5 7
13 i *15 5 | *10 6 4 4 4 5 *7
14 7 6 6 *7 4 *5 +5 5 5
15 10 8 7 6 4 6 4 5 7
18 5 7 7 7 | %19 8

17 5 4 7 7 | 4

i8 5 6 5 4

19 45 6 ¥4

20 8 4 4

21 *d 4 *7

22 7 5 ' 5

23 6 3 3

24 4

25 4

26 *Q

27 6

28 6

+ Learning Test

x Crucial Test , The mean time per trial for seach day's work is based
on six tr:.als per day. Hence, the points on the graphs for the crucial
test are at the mid point of the twelfths. For exsmple, for Rat 4 the
point fifteen seconds falls halfway between twelve and thirteen on the
graph. This holds for sll subjectis.
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