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. Abstract
Y '

»

_In contrast to previous studiess, this study ‘demonstrated that children, as

young as five years old, can solve chaining problems. Such chaining ability
develops without direct instruction. Previous studies and this one were
analyzed in terms of task requirementsdand abiliéies. Few'developmental -
differences were found in children's ability to solve fairly lengthy chain-

ing problems. This study also shows how the specific methodologies and

actual problem tasks used may alter the results obtainag.
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Chaining in Problem Solving: A Critique and Reinvestigatlon

&
-

Chaining, a séquence of actions in which each action depends upon the

.

outcome of the last one, is a type of problem solving. Chaining occurs when

the individual has to form new response chains or integrate previdusly sep-
arate actions. A problem exists when the goal i;.pot directly obtainable

by the performance of a simple act available in nh; individual's repertoirg.
Therefore, solution of a problem calls for either a novel action.or a new
.integration of actions (Thorndike, 1393)., A% various definitions of problem- e
solving illustrate, chaining is essential to problem sSolving. For exam;le,
Duncker (19453) and'Bartfgtt (1958) defined problem solution as a sequence

f linked phases or steps which form a chain connecting initial conditions

0
of a problem~yith its goal. Gagne (1966) has suggested a model of problem-
sulving which has~£9ur main chara%;eristics. Sequential actions or chain;
ing is listed as the firsi charactgristic. According to Gagne's character-
ization of problem-solving, chaining involves an integration of a set of
Sequenfial events. .The completion of one action causes ancther set of
events to occur.-~ Sequential actiops in proﬂiem-solving are not ‘intended
to predict an unvarying sequedce for any problem-solJing task. However,
'_ model does state that the %uccessfulrcomplétion‘of any step depends
the completion of a previous step.
The chaining process is essential in most problem-solving. This
is éxemplified by fhe fact that most theories of problem-solving, includiné
the General Problem Solver (Newell & Simon, 1972), assume chaining in
problem solution. The fundamental process of integrating various parfs in
novel wavs is an integral aspect of all problem-solving or creative acts.

Chaining is, therefore, intrinsic to, problem-solving as demonstrated by

the derinitions and theories of problem-solving.
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This investigation of problem-solving prévides important information .
for psycholégists. Chaining may be seeﬁ as a basic or fuydamental problem-
solving ability. The ability of youngAchildren tc form response chains,
independent of direct instruction is useful in understanding children's
successes or failures i&Lother problem-solving .situations. Although these
other problem-solving situations may assume the abglity to form chains, suchf
ability may nSt be directly testeé. The responses made by individuals at |
d&fferent developmental 1ével§ to tﬁe same problems should be useful in
b;ilding a theory to describe how problem-solving ability is learned or

develops.

o

'H

=

2z ability. of young children to form.résponse chains is a contro- .
versial issue; different results have been obtained. by various rebéarchers.
The methodologies used,'howevef, to test chaining are extremely important 3
variable§ in determining the outcomes of these experiments. In young
children, some tasks ma;‘Eacilltate chaining thle others may inhiW®it it.

The frag}licy éf Shaining ability in young children suggests an
i;portant ;dhcatiéhal éo{nt. fn many'céég; the children'f}failures to
’form'chains_may illustrate failures in te?ching or in ins{ructions.
The instru€tions, the tasks themsélves, and the entire educational design . .
are extremely importaﬁt variables in,deter@ining educational successes.
Therefore, the teét.of any ability, such as chaining, mﬁst'be designed
carefully with consideratign to the task requirements.

The successes or failures of young children to solve chaining érobrems
may be rélated to their developmental lpvel. If young chiidren Eanno;
succeed with these si@ple chaining problems, even after instruction and
simp}ificgtions of the problems, perhaps then educators ;ﬁould aot expccé

= \

voung children to succeed in those academic studies which involve chaining.

Perhaps, the teaching of concepts which involve chaining should be

e
» S——
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postponed until the children are older, If, however, this study does
demonsctrate that young children can solve simple chaining problems, then

there are other educational implications. If young children can succeed
. ' D
with this task, it can be concluded that.chaining is an ability that
. s \ . ) 5
. . develops at a very young age, and that in properly designed tasks educators

can get children to succeed in situations which involve chaining.

The process of chaining itself has educational relevance. Chaining

- -

is a fundamenqal strategy used in education. Many educational tasks

are taught by analyzing the material to be learned into i:é.component pdarts
and then teaching the separaté parts. Ffutting clements together is a
common educational proceddre.

Maier (1929, 1936), Kendler and Kendler (1967), and Scandura (1974)

it have explored chaining as a type of problem-sélving. ‘These researchers
» wused‘the concept o%,chaining in different ways. For example, in the Maiér
(1929) and Kendler and K;ndler (1967) e;périmenCS, chaining involved

4 .. connecting separate physic;l movements together in order to-solve the
problems. The Scandura (1974) experiment required the chaining of several
separate abstract rules to solve problems. However, in all of these
studies, the subjects had to discover the idea of chaining separate
responses or rule; together in a néw context to successfully solve the

problems. Therefore these studies examine the nature of chaining in

problem-solving as previously defined.

Maier's reasoning experiments. Maier sgﬁdied "reasoning" behavior
in mazes in rats and human beings. Hjsldefiﬁifion of reasoning as the
abii}ty to combiﬁe essential elements Sf isolated E%periences, implving
a spontaneous integration, is similar to the definition of chaining in

problem-sdlviné. During free exploration trials of separate parts of a

maze, the subjects were allowed to familiarize themselves with separate

6
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parts of the maze. They were never allowed 'to explore the entire maze

together during the familiarizatign trials. Then, dufing the test trials,
the subjects had to construct the route to-the goal by integrating two

s . :
separate experiences. Maier's subjects had repeated maze-running trials

with such test situations using different combihations of correct routes

(Maier, 1929, 1936). 8elow four years, children performed in the maze ng

Y

better than chance would predict. According to Maier (lgg%) the ability
to combine past experiences to reach a gBal matures in different children

at widely different ages, generally ifot hefore 6 years of age. He

believed that the time of its appearance seems to be related to mental
-~ - .'

: " - *
age or inteiligence (Maier, Lg}ﬁ). .
r~ .

Kendler and Kendler's 1nferenc¢ studies. In an attempt to support
Hull's S-R learning theory, Kendler and Kendler (1967) .conducted a series

of experiments with children and adults. Hull (1943) and other behaviorists
have explained problem-solving as a series of stimulus-response tonds.

According to Hulf, once the first response is initiated, the whole chain

of responses can be made. Each response serves as a stimulus for the

next response. Kendler and Kendler's (1967) problem involveds joining
together twc separate, previously learned behavioral sequences. The

testing situation iavolved an apparatus in which "cubjects were forced to
“ e .
make a number of choices. These choice responses had been learned pre-

wiously in separate trials in which only part of the apparatus was exposed.

The subjects (varving from three through nineteen years) had to press the

correct button to receive a token to drop into the correct hole. 1In
‘ 4
separate trials,the subjects demonstrated that they had learned which

button to manipulate to get each token and into which hole to insergy the
. 5 '
‘ I
token. To solve the problem correctly, subjects had to chain the two s

r 3




"Kendler's task may be seen as chaining in problem-solving hecause the
Y X .

(3 A S

previously separate behaviors together within one minute. Kendler and
d

entire chain had not been learned together but a new response chain had

to be formed which inteérated pfcviousiy sepirate actions.

Most of the five year olds ot younger subjects in Kendler and Kendler's
- ~ \
experiments failed to make the integration properly, i.e., either they

never yeachéd the solution or they made incorrect or extra responses during

the trial. A majority of the college students solved the problem without
making any errors. They-concluded that when a baradigm that followed

'direc;ly from Hullian theory was tested with young children, there was

little or no evidence of reasoning or inference occurring. With increased
: q

naturity, this inference or integration ability became more available
until with adult subjects correct problem-solving was the typical response.
. N : '
The probability of a direct solution increased monotonically with age, with
-2 , - ' :
the rate«f increase the greatest between eight and ,twelve years old

(Kendier & Kendler, 1967).

.

There have been a number of interpretations of Kendler and Kendler's

(1987) findings. They interpreted their findings with reference to
~erbal representation or verbal mediation theory rather than in’ support
of Hull's -theory. This verbal mediation.theory may be Seen agpart of the

. [
behaviorist notion of habit®forming hierarchies. According-to the
' . .

. ’

behaviorist approach, alternative behavior patterns are arranged in
pteferred order of performance. The less favored behavior patterns

would be chosen only when the more favored ones are blocked. Many behavior-

-~

ists, incldding Kendler and Kendler, believe that the strength of a

.

response low in the hierarchy could be increased through the process of
a mediated generalization, often taking the form of a verbal mediation

v '
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" . o ' .
which acts as a liaison between  the presentation ‘of the stimuli and the

occurrence of the response.” Kendler and Kendler theorized that ‘verbal-

mediation abflity tends to develop with age and is not readily available
s . 4
. in young children, their young subjects could not make the appropriate

integrating response to form a chain. Howéver, older sabjects correstly

L}
used a verbal mediatip§ response in"order to solve th2 chaining problem.

Pascual-Leone and Smith (1969) offer an alternative interpretatign

of Kendler and Kendler's results. Accordipg to Pascual-Leone's M operator

or central computing space theory, the power of M,:or the maximum number.

.

of schemes that can be coordinated or integrated, increasés with age.
This theory predicts the results obtained by Kendler and Kendler £1967). °

The Kendler and Kendler task required the subjects to remember five inde-
penden:?ﬁits of information (the instructions, the stimulus diéplays: two '
‘ 4 ; 3 i

implications and the equivalence). Pascual-Leone and Smith theorized
L4

that children must be at least -seven or eight years old in order to have: *

a geniral.computing space iarge efbugh to integrate five independent
bits of information. Whethef or not one égrees with Pascua}-Leong's theory,
their interpretation underscores ﬁhe fact that Kendier and Kendler's
tasx*did demand a hiéh memory load in order to solve the pfoblem.

Scandura's higher order rule problems. Scandura (1974) conducted a

study which demonstrated children's failure to chain separate responses
[]

together without instruction. His five through nine year old children
- 2, T ’ = ez - T 7 . = — i e & T
Twere taught to, interpret given trading rules. These simple rules showed

.

the quantities of one object thaflcould be traded for another type of

object or objects, for example, two paper clips could be traded for three

blue chips. The possible trades were ‘illustrated on a card\ Once =

subhject dpmonstrated an understanding of these simple rules, he had to
4 o s %

9
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solve problems by qgfually making trades. using composite rules. Composite

L] .

rules were formed by combining two simple,'compatible rules, thus making

.

A) .
a’'trading chain. This efperiment involved two groups, a control (unin-
I .
structed group) and an experimental (instructed group). The experimental
subjects were shown two compatible rule cards and were asked to interpret !

each of them. ‘The experiménter then demonstrated to this gfoup how- to

combine rules .by sliding rule cards together 4n an appropriate manner.
+ .

~During the training the experimental group did not actually make the trades.
‘ v
Eleven out of twelve experimental subjects were able to make trading chains
by combining. simple rule cards together to form composite rules. YNone of

the subject$s in the control group were able to form trading chains by
/=~ {inventing the. idea of connecting simple rules together and then using the
composite rules. Scandura (1974) showed that five- thfough nine-year-old’

children did not think of combining compatible rules together t8 form

a trading chain unless they had received prior instruction to do s6.
. )

Comparisons of these Experiments o @

o A task analysis was performed on all of these chaining experiments
. -

in order to determine the réquirements of each task. All of the previous

‘experiments required much more than just chaining ability. A purer test
‘ .

«

i . . . ® -
of chaining ability was, therefore, developed and .used in -this experiment.

Maier (1936), Kendler and Xendler (1967) and Scandura (1974) con-

o 9 . . " .. - .
cluded thatsyoung children do not have the ability to- form response. chains
involving the integration gf previously.separate actions. %owcver, this

.t w

b

- e —
iter believes that the failure of young children to make correct chain-

ing responses in these studies was more a functiop of various gomplicating

n

. 7
- {, . . : . . 1 .
factors than 6f young children's inability to farm response chains.

-

Correct ‘solution in the Maier (1936), Kendler,and Kendler (1967) and

]

Scandura (1974) chaining experiments might have been inhibited by the
2 » . 0

W 10




following coumplicating variables: correct recall and usage of previ sly”

learngd material, forcing the subject to use more than one tvpe of respon

or operator; requiring the subject to remember more information than

.

\ individuals of that age usually can; understanding and apblying abstract

rules in a concrete example, as well as integrating the steps to form a

< L4

unit in ovder to solve the problem. ) ,

" ’

i : . .
A true test of whether young children can indeed form response
chains should be free of these comﬁlicating factors. Such a task,

should not require individuals to recall previously learned material, nor

- remember much.information, noer apply abstract rules. Also, when differ-

. ® N J |
ent~type§\of operators are required in the same problem, another variable

has been introduced. In a more pure test of young children's chaining

abilicv, all necessary material or information should be given in a

readily usable form when the problem is presented initially. Also, indi-
- ) . ’

viduals’should be required to make only one type of response. The same

. - .

N tyﬁe*of-operator.(e.g., application of theé same rule, or the same psycho-

notor activity) can be applied over and over to form a chain rather than

'
»

-~ ] . ‘
requiring the individugls to make different responses. Problems presented
~- . P
L)

in this fashion test young children's ability to form response,chains

\ . g

. independent of other complicatjing factprs; . ‘

able 1 summarizes ‘eight points of similarity or diffcérence between

.
L

J -

the five studies previqusly discussed and this.studv. The following is
e : ‘

] 8 \_/;\

s g a discussion o the column titles. .

. - .

-} 7—Fheprevious research-etcther—studied—thectlaining problem=soteing

——

perfnrmanceroi young children alone or-compared their perfcrmance to col-

=ge students. Only this present study compared the performance of peopl2

LA .
Eerent developrdntal leVels by tyacing the development of these

1

a?

[2.]

at

proplem-solving abilitias. ’ . e




Table 1

Comparison of Variables in Chaining Problem-Solving Experiments

Does a Repeated

Number of Number of Use of the same Were Children

Author Kecall of Steps Subjcct Must  Possibility of Types of Operator Successful in

of A of Freviceus Esscent ial Discover Out-of ~sequence Operators Solve the Demonstrating
Study Subjects Tearning in Task  Proper Sequence Responses Required  Problem? Chaining?
Mafer (3-8 yrs.) necessary constant  necessary for no 1 . yes no

(2) rolution . ‘
Kendler & (5, 8 vrs. nucessary constant no, given in yes 2 no no
Kendler  eolivpe) ' (B problem ftself
Scandura  (5-% vrs.) et (&) necessary for no 3l ¢ . no no
. BeCessAry solut fon
Blumberg (5 vrs.- not varied necessary for yes, S muyst 1 yes yes
col o) necesiary (1-7) solut fon correct out-uf-

sequence R
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2. Some of the experiments required the subjects to learn material
before the problems were presented. This material had to be recalled and
used during the solution. The Scandura experiment and this one presented
all of the relevant information for use during the actual problem solution.

3. All of the previous experiments required a constant number of
steps to solve the probleme. However, this number of steps was small,
either two or three steps. Perhaps the number of steps-that individuals can
intégrate successfully varies with development. Therefore, in the present
study the performances of people of differen£ ages were compared in prob-
lems requiring various numbers of gteps.

4. Discovering the proper sequence of responses may be seen as a
fundamental aspect of problgfi-solving for some of the experiments.» Because
of the task requirements of the Kendler and Kendler problems, the proper
sequences of responding was presented in the stimulus situgtion itself.
However, in all of the other experiments in order to solve the ‘problem
correctly, the subjects had to discover the proper sequence on their own.

’ 5.. Out of sequence responses tgnd to be extra, unnecessary steps.

In the Maier and the Scandura experiments the subjects could not make out-

of-sequende responses. In the Kendler and Kendler experiment, subjects

could make out-of-sequence responses but then were copsidercd non-solvers.

In the present experiment, subjects could make out-of-sequence moves,

althoygh they had to correct them immediately in order to solve the

problem. ¢
6. The number of operators varied from experiment to experiment.

(An operator may be defined as the type of response such as the particu-

lar phvsical manipulations or the application of different tvpes of rules.)

Some experiments used only one type of operator. Examples of experiments

using one type of operator are the Maier and the present one. .The type of



O | ; 12
op€érator ;Qed involved physical movement in both of these experiments.
The others used several different types of operators within one problem.
For example, Kendler and Kendler required their subjects to do differ-
ent types of manipulétions (e.g., choosing among alternative responses,
and turning buttons and inserting objects). Scandura's individuals had
to apply abstract rules and also had to trade different qualities and
quantities of objects correctly in order to solve the problems.

7. Chaining problems may involve the repetition of the same opera-
1
tor or may require the use of different operators. Repeating the séme.
operator several times with a problem may be easier than performing dif-
ferent steps in order to form a chain. Other chaining experiments (not
concerned with chaining abilities in children and ﬁence not relevant
here), e.g., Newel;_fnd Simon (1972) logical transformation problems,

illustrate the difference between the number of types of operators required

- -

and repetition of the same step. Many different operators could be
repeated, in these logical transformation problems.

S.‘.Kcre the children able to solve the chaining p;oblemsé The
previous research failed to demonstrate that young children can solve

chaining problems. The children in this study were successful, This

author believes this contrast in results.is due to their different task

Method

bjects
JIEELS

There were twenty subjects in each of four groups: kindergarten,
third grade children, sixth grade children, and college undergraduate

students. The subjects were either randomly selected from their respective

grades in a middle class suburban public school or college volunteers.

15
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'Materials and Apparatus

Trading board. A circular board which contained eleven sets of

display containers arranged around the periphery of the circle. Each
display container showed two different cards. A transparent plexiglass
circular wheel was mounted dver the“board. A circular hole large enough

to uncover one display container had been cut out of the plexiglass cover.

The wheel could be rotqted to allow subjects to obtain access to tPe
actual trading cards. Figurc 1 illustrates the lay-out cf the trading
board.

Object cards. Cards showing drawihvs of common objects were placed
in the display containers. .within each display container two different

object drawings were shown. ,

Goal-box ¢ontainer.” One separate display container which resembled

~a picture frame and transparent cover was used to demonstrate the goal

object-card. The goal objest—card was placed inside this display container,
! ]

permitting the subjéct to continuously view the goal object without having

direct access to it.

Procedure
r'd

Each subject was tested individually. Prior to the problem-solving

trials, the exp<rimemters.explained how the subject was to use the

trading board to solve the problems. Each of the problems involved trading

cards to reach a specifie goél card. All of' the trading cards for that
problem were visible for the duration 6f each p;oblum.

Once the subjects demonstrated that they knew how to-make a single
trade using the trading board, the actual problems were presented. For
all of thu-préblums the experimenter gave the subject the initial card

and placad the ‘goal-object in the goal-box while she said, "You have a

and you want to get a
.

por

14




Different eards were used with each problem; arrangementd of the cards on
the board also varied with each problem. The order of object-card pre-
sentations around th® board were randomly determined a priori for each
pigblem. The patterns for each individual problem were the same for
every subject. !

The subjects were allowed to proceed on their own throughout the prob-
lems provided the trading rules were éoilowéd correctly. If an illegal
move waé attempted, the experimenter corrected the subject. While the
subjects solved the problems, the enperimenter recorded everything rele-
vant: that ‘the subjects said and did.

Although the subjects were given three chances to solve the probiems,
the cr£terion of success redﬁitéd only one correct solution. The first
problem requiréd the integration of three separate trades in order to form
> a chain. Subjeéts had to think of the idea of making more than one trade.
1f after threce unsuccessful attempts to solve the problem, two hints were
given by the experimenter. The first hint was, "Look around the entire
board." The second hint, which was given prior to the next trial, was,

"You are allowed to make more than one.trade.'" If a subject did not -solve
s

the problem’correctly after both hints were given, an instructional sequence

was initiated. If the subiects were still unsuccessful, the problems were
A ' .

next simplified in the instructional sequence. The simplifications of
the problem involved manipulating the manner in thch the information was
dis;layud, e.g., with the correct trades arranged in order around the
board, the amount of information given, e.ge¢, with only the three trade
cnizainers filled; and the number of separite exchanges which must be
connected tegether in order to solve the problem.

18 "
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Longer chaining problems. Next, problems involving the integration
of more than three trades were given: On each succeeding trial, the
number of required trade links was increased by one (two for adult
subjects). This procedure continued until eithe; the subject was unsuccess-
ful on two'trials involving a given number of trade links or the subject
solved problems i;volving the integration of nine separate trade links.

The ceiling level was defined as the longest chain that the subject

performed successfully. Additional trials requiring fewer trade links in

order to solve the problem were given to subjects once their ceiling

level was determined. These additional trials wcre‘given in order to pro-
mote a feeling of success in the problem-solving situation.
Qesults

The results are reported according to the following questions:
(1) Cah individuals spentaneously integrate several independent exchanges
to form barter chains? (2) Can individuals profit from compensatory
instruction? How much of this instruction was needed before the indivi-
iﬁals could succeed? and, (3) Can:individuals form longer link trade
chains (greater than three separate moves) and how long a chain can be made?

Integrating Exchanges to Form a Chain

Table 2 shows the percent of successful solution by age-grade group.

r

A Chi-square test indicated a significant age-grade effect ¢ = 25.144, p <
i cdllege students all solved the problem withoyt simplifi-

cation, and most solved it on the first presentation (all but one person

solved without any hints). Kindergarteners and third graders took longer

to "catch on." but virtually all solved after the hints and a lagge number

1ppeared to '"catch on'" between the first and second trials with no hints

at all.

19
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Table 2

Cumulative Percentages of, Successful Integrations

by Subject Group

. —Group
Kinder- 3rd é6th
When Solved garten Grade Grade Adult  Total
By first prasentation 507 - 457 80% 907 662
By second presentation o 707 90% 90% 1007 88%
By third presentation : 75% 907% 957% 1007 90%
By fourth presentation-hint 857 9s%  100%  100% 957
. "Look around the wnole board"
By fifth presentation-hint 902 100%  100%  100% 987,
"You can make more-than
© cne trade' oo
By sixth presentation 1007 1007 100z 100%  100%

First problem simplification

20
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Profit from Compensatory Ifstructton L
As Table 2 indicates, only 10% of the subjects required any cueing’
‘or problem-simplification before they solved the problem. After three

unsuccessful attempts to solve the problem, two hints were given. After
v

.

giving these hints and two additional attempts to solve the problems, all
but two kihdergaQCen children integrateé several indepsndenc exchanges

to form barter chains. Both of these children were successfui after the
first problem-stmplifica;ion. Thus, the proposed instructional procedure
was nof adequately tested.

.

Forming longer chains. All of the subjbcts formed successively

longer link trade chains. Ninety-nine percent of the subjects were success-
ful- with the longest problems; only one kindergarten child failed to solve
o
problems up to nine separate links. This child's ceiling level was five.
‘ ! ?
Discussion , . *
The results of this recearch, which investigated the ability of young

children to .form chains clearly showed that both children and adults can

solve these problems. Since even the youngest children were successful

with these chaining problems, the compensatory instructional sequence was

not tested. The only'developmentﬁl difference observed with these chain-
ing problems related to whether or not the subjects we;p successful on the
first attempt., However, all of the subjects were able to form fairiy -
lengthy chains. ¢

The abilit} to form response chain§ through the repeated applitation
of the same operators develops at a very young age. The only developmental
trend in chaining ability observed in this experiment i§ related to whether

or not the problem was solved on the first attempt. Of.the younger two

groups of subjects, about half solved the problem on the first attempt.
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The change occurs sometime between the ages of the third graders and the

’ -

sixth graders. In addition, at least three quarters of the individuals
e ‘ ’ .

in this study were independently ablg to form chains without direct

instruction or cueing. The failure of young children to form response

chains, in previous studies' (e.g , Maier, 1936; Kendler & Kendler, 1967;

and Scandura, 1974) may be attributed to task differences rather than
G ] .

actual chaining ability. The following summarizes the significant charac-
terissics of th; fasks which differed from this one. Successful solutipn
in Maier's and in Kendler and Kendler's pr@blcms inciuded recall of pre-
vious learning and discrimin&cion bbtweeﬁ inappropriate and apﬁroprinte
responses. In addition, Kendler and kend%cr considered subjects to be
successful only when the essential steps were made with“no additional
responses. In order to succeed in Scandura's problems, the subjects had
to upderstand the meaning of an abstract task and that a single object

°

could be equivalent to varying quantities of other objects. The Scandura
task also required the integratigm of §eparate operators. -
Perhaps the methodology used in this problem explains the high
success rate. First, the preliminary instructions were given in a step-
by-step fashion. Each aspect of the task was introduced one at a time.
Before the next aspect of the problem was introduced, the experimenter

.

determined that the children understood exactly what they were supposed

to do. Second, the children had experience actually trading the object-

cardg befor® the problems were présented, thus demonstrating an understand«

"ing of what they were supposed to do in separate components of the problem.

Third, the task requirements themselves tested chaining ability in an

isclated context (isolated in thar other abilities were not also tested).
This was a purer test because it involved the following: (1) a concrete
6y
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task, (2) a repeated use of ‘only one type of operator, and (3) a slight
reliance on previous learning.

This experiment demonstrated the importance of task requirements,

competency and information-processing'load were illustrated. In the‘

% .
earlier tests of chaining ability (Maier, 19363 Kendler & Kendler, 1967;

and Scandura, 1974), the problems were more difficult and there were hiéher
load requirements (e.g., reliance on previous learning, understanding an
abstract task, or the required use of several different operators). How-
ever, in this gxperiment, the task load requirements were simpler and
youngféhildren were successful with these chaining problems. These findings
illustrate thé distinction between competence and performance. Young
»
children may know how to perform a particular skill, but this ability may:
not be evident from their performance on specific.tasks. When the task
requirements are changed,. young children do solve the problems success-
f;lly, thus, demonstrating the ability in question. In some cases, w%th
"the revised probiems, child{en can perform as well as adults do. The
problems in the first experiment are a good example of young children not
only demonstrating chaining ability but also beiﬁg able to solve the
problems as well as adults do. Research in other aspects of developmental
psvchology such as with pr&babilicy learning (wigr,'l964; Creen, Elliot, &
Bancke, 1971) and with ﬁypothosis testing (Phillips & Levine, 1975} illus-
trafe, as this experiment replicates this finding, that young children can
perforn as well as adults on’'specific problem-solving tasks when the task
is simplified, theéir infnrmacion—prnccssing‘capncicieé are not overtaxed,
the instructions are changed or they are given some prelimiﬁnry pre-

training.
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What Additional Research Should be Derived from this Study?

.

This stud§ demonstrates that young children can solve chainiﬁg

¢

problems when such a test involves only chaining ability. Further

demonstrations in other situations of such cRaining abif!%y‘might be use-
ful. For example, if Scandura's (1974) task were redefined so that it
involved the use of a concrete problem and a one-to-one créding corres-

pondence, perhaps then, young children would be rore successful in

. 4
applying composite trading rules {(i.e., from the combination of two simple

“rules) without instruction. If children were successful with this purer

test of their ability, then we would have further proof that young children

can solve problems involving chaining and that past failures might be

'

attributed to various task requirements that differed from this one.

Conclusions

This study demonstrated that although chaining ability develops at

<

a young age and that it can bé'used effectively by young children, older

children and-adults seem to "warm-up" to the
Tﬁe‘only developmegtal differences that were
ability concerned whether or not individuals
first time they aré‘given the opportunity to

The.results obtained in this experiment

task requirements sooner.
observed regarding chaining
think of forming chains the
do ‘'so.

, in conjunction with previous

research, underscores the educational importance of the task.requirements

and the instructions used. This study, toge

ther with previous chaining

research, illustrates the importance of isolating a particular ability in

order ' to test that ability more fairly. As

studies and in many educational tests; a par

-

within "the context "of other abilities.

. . a
is the case in the Other

ticular abflity was tested.

at




Once an ability, suth as chaining abiiiuy. has been demonstrd:ed, then

it gan be used as a basellne to test that ability in the conEEVt Jof ot‘lerc

S‘nge young ‘children can succeed in chaining responses together, this *i\
chaining ability can be u%ed in testing other abilities in young chdldren.
However; educatidnal{teéts.ot°psychological experiments which use this ’
chai;ang ability have to be constructed carefully. =

Young children dfd demonstrate the abilidy to conneci responses“to;
geghefito férm chains_independent of direct instructions. If., as this
study shows, y;ung chil@ren can invent or integrate things without
ipstruction} then the question. can be raisede how much aétually has to )

o
be taught directly. Perhaps, children can learn ideas involving a series

when only parts of that chain are taught. The idea of teaching parts of

_chaids shouid be further tested. The limits of chaining ideas 6r‘respon5vs

" _together should be tested in various contexts, with varying amount3 taught,

and with children of various cognitive levels.
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