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PROBLEM

ThB purpose of this study vas to find the compar&tivs

effects of tosonstratlon in problem solving on the perform-

anoe of children and of adults*

MATERIALS AHX> METHODS

Eighty male students served as subjects for this ex-

perlaent. Forty of these were adults taken from the psy-

chology classes of Kansas State College, and 40 wei^ boys

fron the sixth and seventh grades of the public schools of

Manhattan. Adults were selected frow the upper 50 per cent

In Intelligence as measured by the college freshman tests*

Seventh grade students were chosen from the highest one-

third in intelligence as measured by the McGall Multi-Mental

Test of Mental Ability. Sixth grade students were chosen

in the same manner by means of the Eennon-Nelson Test of

Mental Ability. It was thought that by limiting the intel-

ligence level to the highest one-third in the case of child-

ren, and to the upper one-half in the ease of adults, the

groups would be at least roughly comparable. Adult control

and demonstration groups each consisted of 20 individuals*

Child control and deramaiatratlon groups each consisted of

the tame a>mber of subjects, 12 of whom were sixth grade

students and 3 of whos were seventh grade students. The
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mrmrtLft« mtm of tb« eixth grad* mbjects ««« •pproxiraatftXy

11^ jBATa, And that of the teventh gmd* groap, lfi| years*

fb« px^blan to bo solved by eubjeota in this study was

essentially a fstMi vhiob re^jilred a eoasldeirabXe aaount of

thoofht and analysis for solution* It was so designed that

a series of probl^es of inereaslng difficulty was presented

to the subjeets* threai^oat the series^ there was a general

prineiple InTolved, ehioh gradttally oame to be reeognlsed

and nade use of l^ the subject*

n» «ppsratus eonslsted of s smsll board approxlTrately

11 inches Icng snd 5 inches vldSi^ narked off froM left to

rli!*it into 11 adjacent zones labelled A, F, «, V, X, 0, 1,

9, St, 4, 5* Kovable dises^ colored and labelled so that one

corresponded to each sone exoept the aiddle seme, 0, were

used in playinisr the iraaae* In the berinnlniP-^ discs 1 and 8

vere placed oa the board bewea^ positions U and X« and

discs t? and X were placed beneath positions 1 and 2* Sub-»

jectn were required to aK>ve the discs screes the adddle

EOtut to positions corresponding to the labels on the discs,

waking only such moves as were allowed by directions pre*

ioasly riven to the student. Thie constituted the sinplest

probXeai of a series. When it had been solved without erron-

ectts moves in 5 successive trials, snother disc was added

at eaah side of the Middle sone, vaking e second problea of

greater difficulty. Another disc was added at each side for
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the third problcua, and still another for tbe fourth problem.

Thus the number of discs to be mored each vay was 2 in the

first problem (A), 3 in the second probleaa (B), 4 in the

third (C), and 5 in the fourth (D).

Subjects were taken individually into a quiet well-

lighted rocsB, The following directions were read with

appropriate illustrations and could be referred to at any

time by the subjects:

"The object of the game is to aove these blue discs over

to spaces having the same numbers that the discs have, and

to move these red discs to their proper places* You may

nake two kinds of moves <-- either slide one space at a time,

or Jxmp one disc of the opposite color. Bed discs must be

nsoved toward the red part of the board and blue ones toward

the blue part — they cannot be moved backward* Only one

disc can be jumped in any one move* IMnk before each move*

As soon as you can see that you are not going to win, say

Stop,' and we will start over, regardless of whether yow

really could have won or not* Please call your moves out

loud like this: 'One on zero, two on A,* etc* Always start

with the disc which is below the space, number 1**

The procedure was the same in all oases except that a

demonstration at the close of each unsuccessful trial was

given to members of the experimental groups, but was not

given to members of the control groups. Since, in a prelim-
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inmrj 9tndj, d«Mtt«tratlon •««niiiigXj had little effeot, «a

ftttempt «ee Mtde Ib thle etttdy to aeke doeanetretlon morm ef<-

feetlTe* Tbla «es done by the experimenter glTinc «ore tlae

to eaeb ttO<ve while de«em«trattng» ar;d by tMraslnir with the

hand poised over the wror^ aise where a critical more was to

be wade, before finally seleetls^ the proper dieo to be memAm

The iwuee (afvproxl^natelT 6 seconds) for eapittals of eritioal

sMires was zwarly three tiisea as loog as the period of ti»ie

(approxiisately 2| seconds ) between ordioary mores* Thus at*

tention was direeted to critical points shore erroneews noves

were likely to be wade*

A eareful record was kept of the following points for

Mt^ problewt ti«e eomraamd in each trial (and in each amre

sAaiieh re({tilred 3 seooods mt wore)^ number of trials require^

nvunber of errore wade^ ntmfoer of jaoves wade after waking an

error before the wabjeot realised that as error had been wmSt^

aad tl«e eons iuna li after error before roalization of error*

Tiae^ in eeeondSf was takta b/ neaas of a stt^ tmteh*

»|fiBtf or uTmitTQ^

Few studies hawe beea wade of the problera-solTing abil-

ities of ehildrea* Fefteapa this has bews 4Lvm to the rather

prewalent belief that children would not make fit subjects

beoause of their alleged inability to reason* f^ieh a be-

lief apparently has little to support it, as has beea shown
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in severiil studies. An e'-perl ent by Bonser (1) Indicates

that thex^ Is comparatively little difference between the

reasoning ability of a child of 8 and that of a youth. Stf

ilarly. In a study by Peterson (6) a child of 11 laade a rtaj

creditable showing amonp a group of college {graduate wen, la

solving problems which Involved abstract thinking. Ohlldnm

then, aay well be used as subjects in studies of problesi

solving.

The use of puzzles in making such studies dates back

to the work of Lindley (6) in 1397. They have been used

since In a nunber of Investigations such as those of Ruger

(7), Peterson (6), and liaters (3). Ruger's and Peterson's

studies were concemea mainly with analysis of the learning

processes. Waters attempted to compare the effectiveness

of varlc'us -nethods of tuition In problem solving, and la

transfer to subsequent similar problems. He found that the

dwiOBstration method of guidance was detrimental in Its

effect upon problem solving and upon trat?rfer. For the

solving of iBEnedlate problems, the order of decreasing

effectiveness of the various methods used was instruction

method (giving instruction as to principles involved), error

Method (notifylnfT the subject of error, and requiring iBme-

dlate aorrectlon), and attention method (directing atten-

tion to significant aspects of the problem). For effeotlw-

ness In transfer, the order became attention method, and



instruction method. The error method had no effect,

A study of the effects of visual guidance on mase

learning has been made by Carr (2), and one on the effects

of verbal guidance In maze learning, by Ewert and Laaibert

(4). These studies in maee learning are somewhat different

frcffli problejr.8 In puzzle solving. They are related to the

present study, hoirever, in that they Involve guidance by ln»

tellectual means, in the learning process.

In the experiment conducted by the writer, learning was

of the problem-solving tyne. The guidance rnethod used was

one *3ich, on the basis of Waters' classification, might

perhaps be described as a combination of the demonstration

and the attention methods; that Is, demonstratl -^ns were

given in such a manner that attention was directed to sig-

nificant aspects of the problem. The present study differs

frtM any of those referred to above in that an attempt was

made by the writer to compare child groups with adult groups

in the effects produced by demonstration in learning of the

problcm-solviniF' type,

luring the fall semester of the college year 1936-37

the writer conducted a preliminary experiment, using methods

similar to those waployed In the present study, rue to the

fact that few eases were used, and that conditions under

whleh the subjects worked varied considerably, the results

were inconclusive. It was decided, therefore, to repeat the



experiment, miplcylng wore careful controls and a larger

BoaibeT of subjects.

RESULTS AND INTEEPR£TATI0KS

3efox^ presenting the data. It is necessary to explain

briefly the units of iBeasurament used, Tuccess in solving

the problems vas measured in terms of time consumed, trials

required, errors made, moves made after error before the

subject realized his error, and time consumed after eirror

before the subject realized his inability to wln» Time

consumed was measured in seconds and requires no explana*

tion* A move responsible for the subject's failux»e to win

In a given trial constituted an error. Thus by definition

only one error could be made in each trial, A series of

moves which culminated in success or in failure to win,

constituted a trial* After an error had been made in a

g-iven trial, it was still possible for the subject to make

additional moves (called extra moves in the records) before

he finally realized it was impossible to win In that trial.

The ntimber of such moves made by an Individual may be eon-

•Idared a measure of the subject ''s ability to recofmize

errors when made or a measure of the desre© of learning

achieved. Similarly, the ti-Te conaraied after error (called

extra time in the records) serves to indicate the subject's

degree of mastery of the problem, by revealing the readlnesa



with which he recojfmlzes errors »«d©.

It was noted in this study that in problem A^ oonpara-

tlvely little time end few trials were required, and few

errors were made. This was because fewer moves were Involved

than In any other problem, hence there were fewer opportuni-

ties for error, and It was mueh easier to foresee the ccm-

sequences of a move In a perceptual Tianner. In later prob-

laas, perceptual solutions were much more difficult if not

la^osslble, so analysis and generalization beeaiae necessary*

Random manipulation or attempts at trial and error

learning occurred in early trials of those more difficult

problenjs, and to some extent, perhaps, throughout the series*

Cradually, however, this tendency gawe way to acre careful

analysis*

Accidental successes frequently followed expressed ex-

pectation of failure* It often happened that a subject,

after many unsuccessful trials would say, "I know this move

is not right but I laifrht as well try it*" He would then

Bake the correct move which would enable him to go on and

win* It has been noted by Peterson (6, p* 57-69) that such

accidental successes occurring in early trials of a problem

were usually followed b^ failure to recall* Many cases in

this study offer evidence to support his statement* For ex-

ample, subject 5c, a member of the child control group.
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achieved hla first success In problem 3 In the twelfth trial

(which for hln; was an early trial). Re then required 27

additional trials before he was able to win again. On the

other hand, as has also b«en shown by Peterson (6, p* 59)^^

success occurring In later trials of a problem is njore apt

to be followed by repeated success. The record of subject

9e, a ir.eaiber of the child control group, illustrates this

point nicely. This subject required 29 trials to achieve

his first solution of problem B. He then made one error,

after which he succeeded in the 5 attempts which followed.

Tfee facts mentioned above may well be explained by quoting

statements made by Cleveland (5, p. 297) in a study pub-

lished as Icofr ago as 1907. At that tiiue he said, "The

le&rninf: process Involves the progressive organization of

knowledge "^om (this) organization can best be brought

about is still an open question To a great extent the

Material organlaes itself; that is, organization is physio-

logical and a matter of growth."

Records of subjects yield evidence that those who re-

quired little tlTse and few trials In solving problem A made

comparatively poorer records than might have been expected

of them in solving later problems. The explanation Ilea in

the fact that solution of problem A was accomplished quickly

In a perceptual manner by those subjects. They, therefore,

spent so little ti!?:e and required so few trials in solving
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problem A that they gained little knowledge of the principle

Involved — knowledge fltoloh would have enabled th«a to gen-

eralize and to aueceed more easily in later probleaa. Other

students iftio found problem A more difficult tended to do

better In lat«r trials because, for them, solution of prob-

Ian A had resulted in a sufficient degree of learning to

enable generalization to become mcme effective.

In considering the effects of d«aonstratlon, Boae very

Interesting- results were obtained. Comparative performances

of paired groups in the entire learning problem are presented

in Tables 1 and 2. In the first line of Table 1, it may be

seen in columns 2, 3, and 4, that the adult control rroup

(subscript 1) required a mean time of 1430.75 seconds, with

a standard deviation of dlatrlb'itlon of 623.5, and a stand-

ard error of the nean of 139.42. The adult demonstration

group (subsc-^lrt 2) required a mean of 962.5 seconds, with a

standard deviation of distribution of 330.34, and a standard

error of the mean of 73.37. The differences between •neans

for the adult control and demonstration groups was 513.25

seconds, with a standard error of the differences of 157.73,

The critical ratio was 3.23, which is statistically signifi-

cant. The first line of Table 2 similarly reveals the nmm
features of performance of child groups. Succeeding lines

in these 2 tables deecrlbr or present in similar manner the

•ame facts concerning trials required (Tr), errors made (Eri%
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raoves made after error before realization of error (BJS), and

time consTzmed after error before realization of error (ET).

In tables where subscripts other than 1 and 2 are used, sub-

script c signifies child group and subscript a signifies

adult group

•

In comparing tdhe child denionstratlon and control groups.

It Is evident froa Table 2 that demonstration here resulted

In a reduction or saving which Is significant In all measure*

used; namely, tlr^e, trials, errors, extra moves, and extra

tine*

As compared with the adult control group, the adult dea-

onstratlon group showed no significant saving In trials re-

quli^d, errors nade, or number of erroneous moves made before

realization of error» The saving was significant In time re-

quired for solution, and In tine spent after error befojre

realisation of errors Referring to Tables 3, 5, 7, 9, and

11, It may readily be observed that In each measure of per-

formance, wherever the adult deaonstratlon group Is superior

to the adult control growp, the significant difference ia

found In probleai B, and not in the other 3 problems. This

would seem to Indicate that probleai A was simple for adults,

and that perceptual learnlnr took place Just about as read-

ily in the control group as In the demonstration group.

Probl«« B presented real difficulty, however, and here the

value of demonstration made its appearance. After solving
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probl«a E, which was sufficiently long and difficult to

bring about a fairly thorough undarstaodlng of the nature of

the solution, the subjects found leas difficulty with later

problems although such problems really are Inherently more

difficult. Apparently, this facilitation was due to trans-

fer. There Is no experimental evidence to uphold this

assumption, but It Is the only rational explanation.

In comparing the performance of the child demonstration

group with the child control group (see Tables 4, 6, 3, 10,

and 12), significant differences in each measure were like-

wise found in problwi B and not in the other problems, al-

though there was an approach to significance in problem A.

'Rils may be explained as above. One exception was in tha

measure of time (Table 4). Here significant differences

occurred in problems A, B, and C. This indicates that prob-

l«a A was also difficult for children, henee d«Boastration

was of more value in A for children than it was for adults.

This loss in significant differences may, however, be the

result of the increasing slB^licity of sucewssive proble««

for the adult group. The simplicity may have prevented the

capacities of the brighter individuals from functioning

fully in these problems and thus reduced the variability

within the group and the magnitude of the difference between

the two groups. The same sii^llflcation may have resulted

in soinethin;r of the same skesmess in the dilldren's per-
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fornartee bat to « imieh aaaller d«frree* Also the degree of

transfer In problem C appears to be less for children than

for adults* This is i^at would be expected In Tlev of the

fact that children depended mox^ upon perception for learn<-

Inp in earlier problems* That perceptual learning trans-

fers less than conceptual learning in a soim^what similar

problem sitiiation tos shown by Peterson (6}« Hence problem

C was more difficult for thea« and demonstration was of

greater value*

It is shown in Table 13 that the adult control proup

consistently stfrpassed the child control group in all

WHurares of performance* The difference was significant in

each of the 5 measures used*

The differences in performance between the adult and

child demonstration groups were not so consistent* The dif-

ference was slpnlficant in errors notde, and in trials re-

qniredy but not in the other 3 measures of perfortaance*

This is shown clearly in Table 14*

It is evident ttrcm Tables 15, 17, 19, 21 and 23) that

wherever the adult control grour la significantly superior

to the child control grou; , this superiority is shown in

problwi B and in no other problems. It is also apparent

(in Tables IS, 13, 20, 22, and 24) that no siis'nlfleant dif-

ferences exist, in individual problems, between the per-

foraanee of adult and child demons tration groups except in



th« «e«»ur« of extra moves made after error but before

realization of error, in problem A* This exception may be

explained on the basis of statements previously tnade Indi-

cating that problem A presented greater difficulty to child-

ren than to adults.

Children moved somewhat faster than adults, thus more

nearly matching the pace of the experimenter's demonstra-

tions* It was thought that this might possibly have con-

tributed to the superiority of the child group in the matter

of profiting from dernonstration. A more careful comparison,

however, of speed of movement with errors revealed that this

difference was not statistically significant. The mean time

per move for the child ccMitrol group was 3.35 seconds and

tlm aean namber of errors made was 30. The correlation be-

tween these two variables was .459, with a probable error

of correlation of .119. lor the child demonstration group

the mean tiff* per move was 2.91 seconds, the mean number of

errors, 12.4, and the correlation between speed of movement

and number of errors made was -.226 ^ .143. The adult eon-

trol group moved at an average speed of 3.93 seecaads per

move. The «ean number of errors was 10.7, and the correla-

tion, .094 j^ .149. In the case of the adult demonstration

group, the mean time per move was 2.92 seconds, the mean

number of errors, 7, and the correlation, .312 _+ 1.36. Thua

It may be seen that although demonstration reduced the tirm
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per move end the mmber of errors made, the correlation be-

tween speed of movement and number of errors m«d^ for the

different groups. Is so low and the probable errors are so

high, comparatively, that we may say the slight superiority

of children In speed of movement made little or no contribu-

tion to their superiority In profiting fron demonstration.

COICLUSXOW

1« In general, the demonstrations were more helpful to

oblldren than to adults when results were aeastired In terms

of total time and total trials required, of total errors

made, or of extra moves made before realisation of error. In

solvlnfr the problems.

2* 9hen the Influence of demonstration was measured In

tenas of time required to recognize erroneous Tcoves, the

adult learners profited most by demonstx^tlons.

3. Without demonstration, adults show a significant

superloi»lty over children In performance as measured by all

the different criteria, but with demonstrations this super-

iority loses its statistical significance when performance

Is measured In terms of total time required, or of moves

made or tiire consumed after the occurrence of an error.

4. To what extent these generalisations will hold for

groups of dhild and adult subjects chosen from levels of in-

telligence other than those here represented, or working
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upon other problems or using other Ttodes of demonstration,

cannot be predicted frogi the results of this study.
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