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ABSTRACT

In this research on individual differences in thought
processes, the primary interest was to study the process followed by
the subject in order to reach the solution of the problem. For this
purpose, the performance of 38 experimental subjects was studied
throughout 24 problems of the training sessions. The methods used
were group norms, length of plateaux calculated from the schemata
norms, and performance curves based on group norms and on schemata
norms. The second aim of the research was to study the individual
differences in the process of solving a problem between subjects with
training and subjects without training. The performances of 38
experimental subjects were compared with the performances of 38
control subjects individually matched before the experiment. These
comparisons were made on the basis of 12 problems, 3 pretesting and 9
posttesting. The methods used to measure their performance were
schemata norms, length of plateaux, individual performance curves
based on schemata norms, and convex sets based on schemata norms. The
third aim of the research was to study whether the educational level
had an influence on the process followed by a subject in orxder to
solve this tyre of problem. Results of the first study showed that
the main effect schemata and the main effect content are
statistically significant, as is the interaction between schemata and
content. Schemata norms give more useful information about the
problem-solving process followed. The second study results were that
experimental subjects show a "better" performance than control
subjects. The third study showed that the college student's process
is always better than that of the high school student. The length of
plateaux is shown to be a good measure in the characterization of
process. (Author/DR)
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CHAPTER 1

INTRODUCTION

Most of the studies to appraise individual differences using
mental tests have oren concerned with the development of group norms. Con-
clusions about an individual were attempted by reference to these norms
or other statistics which by definition are based on averages for the group.
The analysis of test results often pivots on thc properties of responses
to items that are classified as correct or incorrect.

In several studies (Rimoldi, Devane, 1961; Rimoldi, Meyer, Meyer,
Fogliatto, 1962; Rimoldi, Haley, lFogliatto, 1962; Fogliatto, 1962; Rimoldi,
Fogliatto, Haley, Reves, Erdmann, Zacharias, 1962) it was found: i, that
the process employed in solving a problem cannot be characterized onliy by
the final answer, 2) that by using group norms we may be unnecessarily
eliminating important individual differences. These studies presented
ways of preparing problems to appraise thinking ability.

In a recently published study (Rimoldi, Haley, Fogliatto, Erdmann,
1963) it was reported that it is important for the experimenter to be able
to control the schemata of the problems as well ss their content (see pro-
cedure). This made possible the deveclopment of new ways of scoring these
problems, Being able to control the scheinata and the content, it is posa-
ible to score individuals in relation to these. A comparison, then, can
be made between the performance of an individual score in terms of schemata
and content as well as in terms of the norms established by the group.
This has becn one of the problems investigated in this dissertation.*

In previous research (Rimoldi, Devane, 1961; Rimoldi, Fogliatto,
Haley, Reyes, Erdmann, Zacharias, 1962) it was found that training in
problem solving improves the tliinking process. 1In solving the probieus,
exrerimental subjccts used fcwer questions than the controls. More agree=-
wment was observed among the experimental subjects than among the control
subjects as to the questions sclected in order to solve the problems.
The second problem undertaken in this rescarch has been an investigation
of the differcnces in thc problem solving process between cach expeci-
mental subject and the corrcesponding control subject who were matched
according to specific criteria before thc cxperiment,

In the study "Training in Problem Solving” (Rimoldi, Fogliatto,
Haley, Reyes, Erdmann, Zacharias, 1962) it was reported: 1) that collcge
studcnts as & group sclect fewer questions in order to solve & problaia
tnan the high school students, 2) that the college group improves more

* This research is a systcmatic cxploration of issues raised by jrcvious
rescarca (Riwoldi, Fogliatto, Haley, Reyes, Erdmann, Zacharias, 1962).
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undur training than the high school group. 4 third problem investigated
in this research was the importancce of the caucational level as a factor
in rroblem solving perforuance.

Summarizing, the three main purposces of this rescarch are: 1)
To cvaluate group performance versus pirrormance norms based on the prop-
ertics of the problem as well as the interaction of schemata and content.,
2) To study individual performancc by com;aring the process of subjccts
with training to subjects without training individually matchcd before the
experimcnt. 3) To investigate the ¢ffect that a particular cducationcl
l¢vael has on the performance of thesc problems.,



CHAPTER 1I
REVIEW OF RELATED RESEARCH

A, Definition and classification of Problem Solving,

Sincc the early contribution of Wertheimer (1945) a number of
studice have been published in this area.

Wertheimer considers the distinction between productive and re-~
productive thinking as most important when viewing work of an academic
naturc. In a problem situation there is a goal, obstacles to reaching
the goal, and no clear perception of the means of obtaining it. Werthcimer
precsented his problems to children and adults. His contribution is the
first study of the thought rroccss that develops its conclusions from
concrete examples, His approach differs from the present study. He presents
a qualitative evaluation of the thought process. The present study is an
attcmpt to evaluate quantitatively individual differences in thought pro-
cesscs,

According to Duncan (1959) thinking is most frequently defined
as the integration and organization of past cxpecrience, while problem
solving is dcfined as the discovery of correct response. Problem solving
is considered to be fairly high on the discovery dimcnsion, and this will
be the distinction of problem solving from conditioning and rote learning,
which are presumed to involve reclatively little response discovery.,

Underwood (1952) presents three methods for determining the
amount of overlap between conditioning and thinking.,

Bloom and Broder (1950) describe the difficulties of attempting
to discover the nature of mental processes through retrospection, intro-
spection, or thc construction of test situations in which each of a variety
of methods of attack would bc rcflected by a different solution. They
classified the students as successful or unsuccessful according to their
aptitude scores and marks on comprchensive examinations. The successful
problem solver showed greater ability to understand the nature of the
protlem and to attack it in its own terms, Thc unsuccessful problem
solvers showcd lack of comprehension of direction and often presented
solution of a problem other than the one that was cexpected.

Bruner, Goodnow, and Austin (1956) described classes of equiv=-
alence categories, "Functional categories" include at least those prob-
lem solving tasks wherc the subjects must categorize an object as fitting
& certain function. They also suggest that defining attributes arc some-
*imus combined to creatc either new or empty categories, and that those

-l
Q

ERIC

Aruitoxt provided by Eic:



/.

typas of combination often occur in problewr solving. They attompt to
relate two major creas of thinking rescarch, i.c., problem solving and
concept formation,

Tate, Stanier and Harootunian (1959) classificd students as

good and poor problem solvers using as critceria their performance in &
battcry of tests, onc of which was the "Thought Problems'™, a test that

was especially preparcd for that study. They concluded that the "good
problen solvers are significantly bettcer than the poor in nearly all tests
wherc quality of response, accuracy, or juddment is required; and that,
without exception, the morc complex the task or the morc restricted the
requirements, the greater their superiority.”

In the present study no attempt has been made to categorize the
problea solvers., The Thought Problems have been used here for matching
purposes. Individual diffcrences has becn evaluated using a different
approach.

B, Training in problem solving,

A considerable number of studies have discussed ways of train-
ing rcople in problem solving tasks. Adams (1954) has found that a group
of subjects trained on repeated presentations of the same problem werc
mor¢ efficicnt in soiving new problems of the same class than a group
trained on a numbcr of differcnt problems. Harlow (1949) held that trein-
ing on 2 number of diffcrent problems will develop new ideas in the way
of how problems should be attacked. This means that such a training will
help the subject in the noew situation.

Schroder and Rotter (1952) used a card sorting task with four
groups of subjccts and they altered the training in "the expectancy of
changce" given from group to group. According to the authors it is the
training in "expcctancy of change' which is required, and no training in
a singlc solution that will solve the problem in thc present situation.

Duncker (1945) conducted a study with educated adults. ‘They
were presented with arithmetic and geometric problems. In solvinZ the
problems thc subjeccts had to analyze what was given and what was requir-
ed. The process of solving a fproblem consisted in the generation and
testing of hypotheses. Past cxpericnce plays an important role 1n the
solving of new problems, The inability to usc an objcet for a strange
purpose in a given situation may be duc to the previous use made of that
object. Previous cxpericnce can have a negative cffect when new problem
situations ar: faced. Birch and Rabinowitz (1951) have also showud this
effect and Adamson (1952) repcated threc of Duncker's experiments with
the sam¢ resulits,
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Parnes and Headow (1960) compared cxperimental subjects with
control subjects matched for vocabulary ability on six creative ability
tests. Tney reported differences statistically significant. The in-
crease of productivity in the creative thinking process produced by the
creative probiem-solving course persisted for a period of at least eight
months after the completion of the course.

Sommer (1960) reported a study with two groups of subjects. The
experimental group received, before the experiment, correct solutions to
problems involving the same principle as those in the expcrimentsl situa-
tion. The results showed: 1)wide differences bectween the two groups on
the process leading to the solution; 2) once the solution to a probiem
has been experienced, it exerts a profound influence on the approach to
similar problems; and 3) the use of a learned principie becomes more diff-
icult if the problem is presented in a confusing manner. Blumenfeld (1956)
reported two studies using geometrical theorms in which he changed the
orientation ané the figure. Buswell (1956) attempted to define common
patterns in the solution of problems. The subjccts were asked to daiscover
a rule for arriving st the solution of an addition problem without the
use of simple addition. The subjects found the problem very difficult
and the results indicated more diversity than similarity in the problem
solving apiroach. “hen the effect of training was tested in similar
problems, about hzlf of the subjects showed transfer.

In 2 study with high school students Rimoldi and Devane (1961)
found that the oxperimental subjects - the group of subjects who went
through a training period in problem solving - had ¢ greater gain in mathe-
matics grades than the control subjects.

A recent publication by Rimoldi, Fogliatto, Haley, Royes, Erdmann,
and Zacharias (1962) reportcd a resvarch conducted with high school and
college students., The design of the experiment pernmitted the testing of
the influcnce that training in one type of problcms would have on another
type of problems. Transfer of training was found. It was also found that
the subjccts with training in problcem solving use fewer questions and show
more agreement among thcmselves as to which question they should ask in .
order to solve the problem than the control subjects. Similar results
were also found when the traincd subjcets were introduced to new problems.

The coxperiments described in the previous paragraphs have dealt
with the effect of prior experience. It has becn demonstrated that traine-
ing in a particular type of problems lcads to maximum cfficiency- as long
as the problem recquires a similar solution, When different kinds of
problcms have to be faccd, & wider training with cmphasis on the need for
change secms to dbc advisable. In the prescnt rescarch the c¢ffcet of train-
ing h&s been studied at the individual icevel both in problems that require
a similar sclutior and in completely different problems.
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c. Pregcentation of the proublems.

A number of studies have been reported in which the same problen
has been presented under different wmedes or appearances. Many problems
have becn presented in cither symlolic ¢r concrete form with various degrees
in between., 3Secveral studines have found no effect of varying concreteness
on the problem, Saugstad (1957) in a repetition of Maier®s experiment
found that the miniature scalc model did not call more attcntion to ceiling
than the rcal presentation of the two pendulum problems. The same was rec-
portcd by Lorge, Tuckman, Aikmen, Spiegel, and Moss (1955a, 1955b) when
they used the mined road prublem »t seven levels of reality (verbal, photo-
graphic, miniature scale model or real oresentation, or various emounts of
manipulation of the scale and real versicns).

On tne other hand contrary results have bcen reported. Cobb and
Brenneise (1952) reportcd that "ancher real and extension solution of the
two~string problem" dccrcased as concretencess decreases over four steps.
Gibb (1956) teste children in subtraction problems with three degrees of
concretencss, he found significant differences and no interaction, Rimoldi,
Fogliatto, Halcy, Rcyes, Erdmann, Zacharias (1962) have reported a signifi=-
cant interaction (schemata~content) using problems with threc diffcrent
schemata and four contents for each onc of them, In the present project,
problems with thrce dcgreces of cowmplexity and four degree3 of concretcness
has been studied.

D. The importance of age in problem solving.

Several studies have reported that cge is an important variable
in most types of problem solving, Sato (1953) working with children and
adults had found that the former were more affected by the amount of traine-
ing than by the difficulty level of the probtlems, while the reverse was
true for adults, Hunter (1957) rcported that 16 year olds did bctter than
11 year olds on his syllcgistic-like problems. Moracs (1954) found diff-
crent patterns of thinking among school children of different ages on
arithmetic rcasoning problems. Rimoldi, Fogliatto, Haley, Reyes, Erdmenn,
Zacharias (1962) found that college freshmen use fewcr questions in order
to solve a problem than do high school freshmen. It was also found that
the college students as a group improve more under training than high
school students. In the prescnt study the importance of educational level
has becn investigated using high school frushmen and college freshmen
as subjects.

Rimoldi, Meyer, Meyer, Fogliatto (1962) report a resecarch with
graduate students (from 23 to 40 years old) in which thc¢ description and
analysis of the sequenticl organization of complex process was studied
(i, e., problem solving) and also h.w these change from ecarly lifc to old
age. Ncw rescarch, not yet reported, has wmade use of information theory
in which a series of problcms have been administercd to subjects of varied
age level (from 11 to 80 years old). Tentative rcsults indicate that un~
certainty in problem solving decreases with chronological age to the young
adult lavel and then gradually inereaseces,
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E, Methodology,

Joanson (1$55) discusscd three techniques for the analyseis of
individual diffecrences in thought processcs. 1) comparison of grouns (in
respect to agc, sex,eduvcation, or ways of ottacking the problem). 2)
corrclational anclysis (the time of solution, number of responses, nuuber
of right auswcrsi. 3) factor analysis.

A technique similar to the one to be used in this study was de-
vised by Bryan (1954) for cvaluating electronic troubie shooting. Glaser,
"Damrin, ané Gardner, (1954) rrescnted a similar techaique, the Tab Item
Technique, which was also used in electronie trouble shooting. John and
Riwmoldi (1555) and John (1957) studied the sequen:ial properties of com-
plex rcasoning by means of the Problem Solving and Informaticen apparatvs.
This apparatus may be useful in studying certain phascs of abstract rcason-
ing, but ceonnot be used in a variety of situations wnere less abstract
problems are examined,

The technique used in this study was devised by Rimoldi (1955).
The technique was first applied to study mental processcs in medical stu-
dents. A series of studies rclated to this epproach have been published
by the Loyola Psychometric Laboratory over a period of scveral years
(Rimoldi, 1960, Rimoldi, 1961, Rimoldi, Dcvanc, and Haley, 1961). A final
rcport by Rimoldi, laley, Fegliatto (1562} summarized the sshole work,
This approach has bccn applied to other areas than medicine (Tabor, 1959,
Mohrbacher, 1960, Gunn, 1961, Rimoldi, Mcyer, Mcyer, Fogliatto, 1962,
Fogliatto, 1962). The samc tcchnique has becen used to evaluate the cffect
of trairing in high school studcnts (Rimoldi and Devane, 1961) ond in
high school and college students (Rimoldi, Fogliatto, Ealey, Reyes,
Erdmann, and Zacharias, 1962).

The studies described in the previous paragraphs deal with
cvaluation of the subjects'! performanccs using group norms. In the pre-
sent rescarch the performance of the subjccts in problem solving has
also becn studied using schemate norms as described by Rimoldi, Haley,
Fegliatto, Erdmann, 1963).



CHAPTER III
PROCEDURE

A, Design of the cxperiment:

1. Pre-testing sessions: cvery subject whether control or cx-
pcrimental received at tha beginning of the cxperiwent 3 problems of type
c. (see problems;.

2, Training scssions: the experimental subjects (high school
and college) completcd at ieast 24 problems - 12 of type a and 12 of type
b. (sce problems),

T 3. Post-testing sessions: every subjcet whether control or ex-
perimental received at the end of the experiment:

2) the samc 3 problems of type ¢ that werc administered at the

beginning.

b) 2 problems of typc a similar tc thc ones used in training

sessions,

¢) 2 problems of type b similar to the ones used in the train-

ing sessions,

d) 2 new problems completely different from the ones used in

the training sessions (1 of typc a and 1 of type 3).

B. Subjects:

The subjects used in this study consist of a group of 38 c¢xperi=-
mental subjects (19 male high schoul and 19 malc college freshmen) and 38
control subjects (19 male high school and 19 male collcge freshmen).

1. The high school subjects werc sclected among the f£reshmen
of St. Ignatius High School, Chicago, Illinois, if they had an I1.Q. of
118 or above on the Henmon-Nelson Test of Fental Abilities. On this basis
seventy students were selectcd. The Raven's Progressive Matrices Tests
and Thought Problems, Part 1, were administered to ali of them. !-ineteen
experimental-control pairs were selccted and cach pair matched for I1.Q.
and for the score on the Raven Progressive Matrices Test. The subjeccts
after being matched were randomly assigned to bc a control or experiicn-
tal subject.

2, For the college subjcets, 50 were selccted among the fresh-
men of Loyola University College of Arts and Sciences. The Raven Progress-
ive Tests and Thought Problems, Part I, were mdministercd to all of them.
Using their scores on these two tests, 19 experimental-control pairs
were scleected, Each member of the pair was randomly assigned to be an
experimental or control subject. For the college students, it was not
possible to match them according to I.Q. bccausc scliool records could not
easily be compared,

-8-
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The Mecn, Standard Deviations and Humber of Subjects for thce
I.Q.'s, the Raven's Progressive Matrices Tasts, and the Thought Problcms,
Part I, are prescntcd in Table I.

Table 2 prescnts the correlation for the matched pairs.

o
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TABLE I
MEAN, STANDARD DEVIATION AND NUMBER OF SUBJECTS FOR RAVEN,

I. Q. AND 'THOUGHT PROBLEMS, PART I,FOR HIGH SCHOOL AND
COLLEGE STUDENTS,

HiGH SCHOCL , COLLEGE
TESTS CONTROL EAPERIMENT:L CONTROL EXPER IMENTLL
M o) N M o) N ¥ o) N M o) N
RAVEN 49.74 4,26 15 48.84 4,25 19 51,84 5.01 19 52.53 4.49 19
1.Q. 125.21 7.30 19 125.68 7.38 13

THOUGHT 11.29 3,39 19 11.91 3.9 19 13,24 3.56 19 13.67 3.40 1Y
PROBLEM I.

TABLE 2

MATCHED PAIR CORRELATIONS FOR !IIGH SCHOOL aND COLLEGE STUDENTS

HIGH SCHOOL RAVEN TEST...0vcvivennnossenncases o934

HIR2OM NELSON I.Qeeeeenncecenceess .98

COLLEGE RAVEN TEST,¢ev0eeveesecesonnnnnees .89

THOUGKT PROBLEM, PART I........... .82
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C. Problems:

Three differcnt types of problewms arc used in this research. Every
problem was individually administered to the subjects in all the sessions.¥*

1.Problems of type a.

The subje«: is prescnted with a problem and a set of questions from
whizh he may select as many questions as he wishes and in any order that
he Adesires, Each question is prescnted on a separate card. The answers
are presented on the reverse sidc of the cards. When the subject thinks
lhe Las cnough information, he stops selecting questions and gives his
answer., He rccords the questions that he has asked in the corresponding
order as well as thce answer.,

Problems of type a are problems 31, 33, and 35. The numbers refer
to degrees of complexity in the schemata.

For problems 31 the schemata can be represented as a trce

2 0
/ E A// c
\c/ \E.)/,B

\E \C
FIGURE 1

or a fourfold table with degrees of freedom
B C

fr——

D

FIGURE 2

* For a completc description of the problems found ia thls rescarch re-
fer to publication *Training in Problem Solving" (Rimoldi, Fogliatto,
duley,ReycsErdmann and Zacharia, 1962)
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Each of thesc problems has four forms. In form A the problem is pre~
sented in a concrete way. Form B is an abstract presentation of the problem,
Form C is a negative presentation of the problem. In form D the answers
are given in lctters instead of using numbers as in forms A, B, and C,
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At lecast 12 problems of type a werc completed by the expuriuwental
subjects during thc training sessions. In the post-testing sessions the
2 problcmz of type a were: 31D' and 3538'. They have the seme schenata as
31 and 35 and the content of form D and B rcspectively.

4 new problem of type a wns also usud in the post-testing scssions;
this is prollem 414, The schumata can be represcnted as a matrix,

Recelvc
N S
A B C D E F G 3!
A | {0 1o
N Bl + + | 0 12
c + + 0 | 2
R SN e
Initiate D 1 r o t «+ 1
El «+ + + + | + 0 5
S F i (6] { 0
Glo 0 0 0 0 0 i 9 0
H B i o0 ! O
2 1 2 2 1 1 0] 1 {10
s coomad
FIGURE 5

2. Problems of type b

In problems of tyﬁe b the subject is prescnted with a drawing; he
has to identify an arca pre-selected by tha experimenter. In this type of
problem, thc subject generates his own questions. After asking several
quustions, the subject will understand the principle involved in the prob-
lem, then he will indicate his solution for thc prc-sclected area. 4s in
the case of problems of type a, he will record the questions he has asked
ia the ordar that he has asked them and record the answer upon which he
has decided,

Piroblems of type b are problems 32, 34 and 36. CLach on¢ of thesc
problems has a diffcrenf_figure. For evcry figure four different forms
(A, B, C, and D) wcre developed, Form A is the most simple and form D
the most complex with two degrees of complexity in between B, and C.

Every subject in the experimental group complatcd at least 12 problens

of type b. In the post-testing sessions, 2 problems of type b were 2d-
ministercd (32F and 36F), They have the same figurc as problems 32 and

36 respectively, Nevertheless, for problem 32F the principle involved

was varied. When problen 32 was used in the training scssions, the undor-
lying rationnle was a series of letters or numbers of combinations of both
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following a horizontal pattern. In problem 32F a scries of numbers was
used but followed a vertical pattern. For problem 36F the same figure auc
contcnt as the onc used in the training sessionsg was kept.

3. Problems of typc c.*

In problens of type ¢ the subicct is presented with a problem and
a sct of questions, or a figure and a sect of questions. The subject
procceds in the same way as in problem of type a. Problems of type ¢ are
problems 1, 19, and 25 which were used in the prc and post~-tcsting sessions
and problem 26 which was uscd only in the post-tcsting sessions. Problems
1 and 25 are figure problems and problems 19 and 26 are word probleons.

D. liethodology.
1.Scoring methods:
a) Group Norms:

The subjecets were scored in terams of group norms using a technique
devised by Riwmnldi (1960). This technique utilizes the frequency of
sclcction of a specific question in a particular order. Thesc frcquenciecs
arc converted to proportions to indicate the »ercentage of the total group
that respond using a specific question in that order. In order to scorc
a subject thc proportion corrcsponding to «<very question asked is accumu-
lated in the corrosponding order. This gives the obscrved score (0).

Proportions for e¢vcry card in every possiblc order arc also com-
putcd on the basiz of rondomness. By subtracting these proportions (E)
based on randouncss from thc obscrved (0) proportions a table of (0-E)
is computed., Using these propurtions, it is prssible to obtain a (O-E)
score for evcery subject by accumulating the (O-E) proportions correspond-
ing to any questions he asked in the corrcsponding order,

With thcsc norms every experimental subjecet was scored in all the
problems of the training sessions.,

b) Schcmata Norga:
Problems of type a:

A scoring wethod described by Riimoldi, Haley, Fogliatto and Erdmann
(1963) was uscd for problems of type a in order to scorc the subjucts in
terms of schcmata norms, Thig tcchnidﬁe is based on the propertics of the
probleas, This wmeans that the frequency of selection of cach question in

*  These problecms werc available at thc Loyola Psychometric Laboratory
from previous rescarch (Cuopcrative Research Projcct No. 1015)
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a particular order is ecstablished in terms of the sequence of logicul re-
lationships involved. As Iin the previous method these frequenciis are
converted to proportisns to indicete the perciontage of the ¢ntal posaitle
s2lections (a3 indicated by tne schemata) for <hatc specific questicus in
that particular order.

This gives a table of observed proportions (Og). A table (OS-E)
proportions is elso computed., The proccdure for scoring the subjects is
similar ‘o the one used with group norms,

The experimentel subjects werc scorced using these norms on the 12
problcms of the tr~ining scssions and on tile 3 rrnblemws of the prst-
testing secssions, ILhe contro. subjects were scored on the 3 prablcems of
the post-testing scssions.

Problems of typ=2 *:

For this type 5£ wooblen there i, 10 nre-cetablished scjunce of
qucstions to be asked in order to solve the problem., The subJects originate
their own questions, They can start asking about the arcas in any order
they want or according to some posSible sequcitce that they may discover
by ingpection of the figure, For example, sonc figurcs have linus of
different colors or of differcat kinds (straight, curved, dotted, etc.)
or a combinntion of both, This could sugg:st to the subject that there is
some rclationship betwecn the cclor and kind »f lines and the answer to
the problem. Nevertheless, this docs not alicys happen, Problem 32
(A, 3, C, D) have different kinds of linces «#nd the rationale involved has
nothing to do with it, 1In problem 34 (A, B, C, D)diffcrent color aucd &ind
of lines were used and the answer depends only upon the color, P2roblea
36 (A, B, C, D) has the same figurc with diffecrent colors and kinds of
linegs. In form A only the colors are important, for form B the answer
depends only on the kinds of lines and in forms C arnd D the answers dcpeni
upon the colors and kinds of lines, This mcans that th= subject should
try different approaches before f£indimg ti.c solution, It is not possible
to say that one approach is better than the others, But, it is pussible
to limit the number of questions that are neccessary in order to selve the
prcblem, On this basis the so called "schenat no:ms" havz baen ceveloped
for every problem of type b, Using this approazh the sybjgets will ree«iva
2 scorc on e=ch question nsked until he complatas the neccssarcy number of
quecti-'ns necded to solve a problem, After that for every question he
asks, he will receive a score of zero., This means that when the per—
formance curves are plotted, the platcau will be always found at the end
of the curve. Using a similar approach as on problems of type a (O )
and (0, -E£) scor~ is given to cach subject,

The score obtainad by accumulatiug the prophrtions for all the
questions neccessary in order to solve the problem (provided that the
subject has acked at l:ast the minimum number) is divided by the total
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nuwber of questiorns asxed. If the subjcet asks less than the required
number of questions, he will rcecive a score tor every question he has
asked; but, in order to f£ind his final scure the cumulative sum of scores
will be divided by the spccified number of questions.

Using this approach cvery experimental subject has been scored on
every one of the 12 problems used in the training sessions and on the 2
problemns of thc post-testing sessions. The control subjects have been
scored on the 2 problems of tlic post-testing scessions.

Problens of type c:

The schemata norns for the problims of type ¢ are based on the
principlc of the process of elimination. This wcans that the question that
eliminatcs the largest number of areas (in the case of a figure) or poss-
ible answers (where it applies in the¢ case of a word problem) should be
askced first, The question climinating the next largest number of arcas
or answers should be chosen second, and so on until the final solution is
reached. aAfter the sequence has been developed, it is processed the same
.as problems of type a.

Every subject whether control or expecriwmental has been scored using
thest norms on the 3 problems of the pre-testing sessions and on the 4
problems of the post-testing scssions.

2. Performance curves:

The performance curves indicate the subject's approach to the
problem. They are obtained by plotting the score of the subjects at each
step. The way that a subject has attacked the problem can be compared
with the tactic usced by another subjcct. It is possible to compare the
tactic of a control subject with the tactic uscd by his corresponding
matched experimental subject, It is also possible to sce the tacties that
an experimental subject has followed throughout the tests in the training
sessions,

Performance ‘curves have been drawn for cvery contml and experiacntal
pair using schemata norms in the problewms of the pre and post-testing
scssions. (The performance curves of a control-cxperimental pair arc pre-
sented in figurcs 26 to 33 inclusive).

For the experimental subjects perforrmance curves have becen drewn
using both schemata and group norms for cvery problem of the training
sessions,

Figures 14 to 25 present the performance curves for en experimen—
tal subject throughout all the problems of the training sessions in the
order that he Lkas rececived them.
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When group nerms arce used for drawing the nerformance curves they
will always show an increment on the curve becausc the scores are accutiu-
lated. Necvertheless, the degree of increment will depend ovn the group,
that is, & questionthat has becn sclceted by a larger number of subjects
in the group will have a very high score and consequently the performance
curve will show a lergc increment at that point. By the same token a
card that has been sclectcd by just one subjiect in the group will have a
very small value even if the question is a2 very uscful vne.

When the performance curves are based on schammata norms, the curve
will not always show an increment. There will be tioments when the sub-

-ject had selected a uscless question and no increase will be shown on the

curve, Thesce pleteaux can appear at any moncent on the curve for problens
of type a and ¢ (See figures 26, 28, 29 and 33). For problems of typc
b, by the way that schemata norms have been defined, these plateaux will
clways appear at the end of the curve (Sec figurces 31 and 32).

3. Convex sets:

The convax sets are ohtained by plotting for every subject the
(0y) scorc on the abscissa and the (Og-E) score on the ordinatec (Rimoldi,
Haley, 1962). Drawing successive lines from onc¢ extreme point to another,
a poligonal ccnvex set is defined in such a way that any corner of tihe
poligonal convex set will represent a scquence followed by a subject;
the other sequences or tactics will fall inside the convex sc¢t or on the
boundaries. It is clear; that the convex sct corresponding to the tactics
followcd by the experimental subjects will not necessarily coincide with
the convex set that emerge £rom the tactics followed by the control sub-
jects.

Convex sets have bcen drawn for cvery preblem of the pre and pust-
testing sessionz using schemata norme. It is pessiblc to coumpare the
performance of the control and the experimental subjects, and also to
compare the college with the high school stucdents. - The convex sets for
the high school and college students are presented in figures 34 to 57
inclusive. The numbers correspond to a subject who represents e tactic.
The tactic on the boundaries of the convex sets are given at the bottom
of the figurcs. Notice that the same scorec can be cbtaincd using different
tactics. But, the rcverse docs not hold; a tactic will always have the
same scorce regardless cf the subject who worked the probliems.



CIL.PTER 17
LNaLYSIS OF THE DaTé . ND FIMDINGS

i, Training sessions

1. Experimental subjects
a) Group norms.

The problems usced in the training ses ‘ons are 31a,B,C,J; 334,
B,C,D; 354,B,C,D; 324, B,C,D; 344,B,C,D; and 26A,B,C,D.

after scoring every experimental subject on gll these problens
using groubd norms analyses of variances wcre performed separatcely for high
school and collegec students as well as for problems of type a and problems
of type b. Tables 3 and 4 prescnt the resuits of the analyses of variancoes
for the high school students in problems of type 2 and in problems of typc
b respectively. Similar analyses of varianccs were performed for the
college students and the results are presented on tables 5 and €.

Of great intcrest here is to test the cffect that the complexity
of the problein represented by the schemata and the effeet the familiarity
of the content have on the procecss of sclving thesc problems. The intcr-
action betwcen schemata and content is also of interest,

The “"F" ratio for the wain e¢ffect schemate and for the inter-
action betwecen schcmata and content ere significant at the .001 level i
all cases. Thisg means that thc complexity of the schemata is a signi-
ficant source of veriation. The "F" ratio for tue main effect content
is gignificant at the .001 level for the collcge students in problenis of
type & and in problems of type b. For the high school students the "F"
ratio is significant at the ,0l level on problcms of type b and not sig-
nificant on problecms of typc a.

Figures 6 and 7 present the mcan of the accumulative score (group
norms) for high school students on problems of type a and on protlens
of type b. Sinilarly, figures 8 and 9 prcsent the wcan of the accumula-
tive score rfor the college students. Inspection of all these figurces
show that the interaction betwcen schemata ond content is highly sig-
nificant in every casc.

~18~
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TABLE 3

ANALYSIS OF VARLANCE FCR PROBLEMS OF TYPE a (TRAINING SESSIONS)
ON THE HIGH SCHOOL STUDENTS BA4SED ON GROUP NORMS,

Variance

Source Sum of Squares af Estiagate F
Main Effects: XX
Schemata .023285 2 .011642 8,94
Content .003281 3 .001093 1,06
Subjects .017033 18 .000946
Interaction: XX
Schemata X Content .021671 6 .003611 4,24
Schemata X Subjects . 046894 36 .001302
Content X Subjects .055450 54 .001026
Interaction:

Schemata X Content X Subjects .092113 108 . 000852

Total .259727 227

p¢..001
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TABLE 4

ANALYSIS OF VARIANCE FOR PROBLEMS OF TYPE b (TRAINING SESSIONS)
N THE HIGH SCHOOL STUDENTS BaSED ON GROUP NORMS

variance

Sourcge Sum of Squares df Estimate F
Main Effects: NXX
Schemata .063380 2 .031690 23.81;x
Content .008777 3 .002725 5,22%
Subjects .151939 138 .008441
Interaction: )
Schenata X Content .050606 6 .008434 10.067%X
Schemata X Subjects .047924 36 .001331
Content X Subjects .028644 54 .000530
Interaction:
Schemata X Content X Subjects .090540 108 .000838

Total .441810 227
xx

p<£.01

XXX

p «.001
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TABLE 5

ANALYSIS OF VARIANCE FOR PROBLEMS OF TYPE a (TRAINING SESSIONS)
ON THE COLLEGE STUDENTS B.4SED ON GROUP NORMS

Variance

Source Sum of Squares df Estimate F
Main Effects: S
Schemata .1478468 2 .073934 48.74;“v
Content .064169 3 .021389% 29,50
Subjects .035722 18 .001984
Interaction:
Schemata X Content .125846 6 .020974 23,18
Schemata X Subjects .054636 36 .001517
Content X Subjects .039191 54 .000725
Interaction:
Schemata X Content X Subjects .097786 108 .000905

Total .565218 227
XXX

p £..001
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THBLE 6

ANALYSIS OF VARIANCE FOR PROBLEMS OF TYPE b (TRAINING SESSIONS)
ON THE COLLEGE STUDENTS BASED ON GROYP NORMS

Variance F

Sgource Sum_of Squares daf Estimate
Main Effects: wxx
Schemata . 029046 2 .014523 24.29_
Content .021903 3 .007301 11,52%°%%
Subjects .039128 18 .002173
Interaction:
Schemata X Content .057309 6 .009551 22,63%%XX
Schemata X Subjects .021568 36 .000599
Content X Subjects , 034289 54 .000634
Interaction:
Schemata X Content X Subjects .045614 108 . 000422

Total . 248857 227
xxXx

P £.001




.25 +
!

.20

e an

Ancunulative

Scors: .15
.10 4
.05

27~

—_—— —— 4

£ B C

Forms of Test

FIGURE 6

Schewmeata 31

Schemzta 32+ ----
Schemata 35-,-,-.

MIAN ACCUMULATIVE SCORE (GROUP NOitiS) OF HIGH SCHOOL SUBJECTS O

.25 |
.20 |

Mcan

Accumtlative

Score .15 4
10 |
05

PO —

PRCBLESS 31, 33, and 35 (TYPE a) FOX THE

A

rCUR FOwdS OF LEACH o :CDLE:,

Schemata 32
Schemata 3Me-= ~ =~
N Schemata 26 -, -, ~
~.
\-
~,
iy B C D

Forms of Toest

FISURE 7

\ MILN 4CCUSULATIVE SCORE (GROUP NORMS) OF HIGH SCNCOL SUBJECTS ON -
El{lC PAOBLILS 32, 24, and 26 (TYTE b) FOR THE FOUR FONMS OF LACH PiO3LE!,




=24

.25
Schemata 31
.20 Schemata 33 --c-eceeee
/ Schemata 35 —-,-,=,/=~,~,
Mean .15 7 /
Accumulative “. ’/// I
Score >
.10 -
.05 :
A B C D
Forms of Test
FIGURE 8
MEAN L CCUMULATIVE SCORE (GROUP NORM3) OF COLLEGE SURSECTS ON PR0OBLEMS
31, 33, and 35 (TYPE :’:_) FOXR THE FOUR FO®MS OF EACH PROBLE:.
.25 o
i
i Schemata 32 _
Mcan .20 Schemata 34-ccecoea-o
Accumulative Schemata 36-,-,-.-.~,
Score !
.15
AN —_—
\\X/
.05
- ~——
-~ S - ) ~. §\
!
A B C D
Forms of Test
FIGURE ¢
Q MEAN ACCUMULATIVE SCCORE (GROUP NCORMS) OF COLLEGE SUBJECTS Cil PROBLINMS
ERIC 32, 34, and 36 (TYPE b) FOR THE FOUR FOKMS OF EACH PROBLEM.




~25-

b) Length of plateaux.

Every experimental subject was also scorced using schemata norms,
After drawing the performance curves for cvery subject in every problem
of the training sessions, the lengths of platcaux were calculated. Using
the length of plateaux for every subject in every problem, analyses of
variances were performed separately ftor high school students and for college
students as well as for problcms of type & and problems of type b. Tables

7 and 8 present the results of tie anaiyses of variances for the high
school students, tables 9 and 10 for the coliege students.

For the college students the "F" ratio for the main eifect schemata,
the main 2ffect content, and the interaction between schemata and content
are significant at ,CO0l1 level for problems of type a and for probtlems of
tvpe b,

For the high school students the "F" ratio for the main effect
schemata and the main effect content are significant at the .001 level for
problems of type a, The "F" ratio for the interaction betwecn schemata
end content is not significant,

For problems of type b with the high school students, the "F"
ratio for the interaction between schemata and content is significant at
the .001 lcvel. The "F" ratio for the main effect schemata is significant
at tiie .05 level while the "F" ratio for the main ctfect content is not
significant.

Figures 10 and 11 present the mean length of plateaux for high
school students on problem of type a and b respectively. Looking at thesc
figures it is possible to see that the interaction between schemata and
content is highly significant for problems of type b, but not significant
for problems of type a.

Figures 12 and 13 precsent the mean length of plateaux for the
collcge students on problems of type a and b respectively. Inspecticen of
these figures shows that the intcraction betwecen schemata and content is
highly significant for problecms of type a and for probiems of type b.

In summary, the results of analyses of variance using group norms
and the analyscs of variancce performed using length of plateaux shows that
the schemata and content as well as the interaction between schumate and
content are significant sources of variation. This is morc significant
for the college students.

ERIC
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TABLE 7

ANALYSIS OF VARIANCE FOR PROBLEMS OF TYPE a (TRaINING SESSIONS)
ON THE HIGH SCHOOL STUDLENIS BASED OM LENGTR OF PLATEAUX

variance

Source Sum of Squares dl Estiwate r
Main Effects: XXK
Schemata 295.051 2 147 .500 12'13"xx
Content 112.574 b4 37.525 8.717
Subjects 750,333 1y 41.685
Interaction:
Schemata X Content 50,413 6 8.402 1.75
Schemata X Subjects "&37,772 36 12,160
Content X Subjects 232,509 54 &,306
Interaction:
Schemata X Content X Subjects 440,755 108 4,811

Total 2319,417 227
XXX

p< .001
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TABLE 8

ANALYSIS OF VARIANCE FOR PROBLEMS OF TYPE b (TRAINING SESSIONS)
ON THE HIGH SCHOUL STUDENTS BASED ON LENGTH OF PLuTEaUX

Source Sum of Squares df  Variance F
Estimate

Main Effects:

Schemata 402,973 2 201.486 4,797
Content 78.364 3 26.121 2.36
Subjects 1985,535 18 110,306
Interaction: XX
Schemata X Content 271.728 6 45,288 4,317
Schemata X Subjects 1512.858 36 42,023

Content X Subjccts 597,552 54 11,065
Interaction:

Schemata X Content A Subjects 1135.108 108 10.510

Total 5984.118 227

p<.05
XXX
p < .001
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T4ABLE 9

ANALYSIS OF /iRLANCE FOR PROBLEMS OF TYPE a (TR.INING SZSSIUNS)
ON THE COLLEGE STUDENTS BASED ON LERGTUH OF PLATEAUX

variancce

Source Sum of Squarcs df Estimate F
Main Effects: XXX
Schemata 188,008 2 54,004 30.73xx'
Content 141,561 3 47,187 19,87%%*
Subjects 271.868 18 15.103
Interaction:
Schemata X Content 60.834 6  10.139 4,977%%
Schemata X Subjccts 110.159 %6 3,059
Content X Subjects 128,272 54 2.375
Interaction:
Schemata X Content £ Subjoects 220.333 108 2,040

Total 1121.035 227
XXX

p< .001
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TaBLE 10

ANALYSIS OF ViRLiNCE FOR PROBLEMS OF TYPE b (TRAINING SISSIONS)
ON THE COLLEGE STUDENTS BaSED ON LENGTH OF PLATEAUX

variance

Source Sum of Squares df Estimate F
Main Effects: XXX
Schemata 186.061 2 93,030 9.47

XXX

Content 261.000 3 87.000 6.67
Subjects 715.710 18 39.761
Interaction: - ocx
Schemata X Content 630.079 6 105.013 17.53
Schemata X Subjects 353,606 36 5.822
Content X Subjccts 704.500 54 13,046
Interaction:
Schemata X Content { Subjects 646.921 108 5.990

Total 3497.877 227

xxx
p<£.001
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¢) Yerformance curves, Group rorms &nd Schemata Norms.

It will be impossible to present the performance curves of every
one of the 38 cxperimental subiects on the 24 problems of the training
segsions using both group and sciiemata norms.

Figures 14 to 19 inclusive present the performance curves accord-
ing to group norms for the z4 problems that one uxperimental subject took
on the training scssions, The problems are presented in the order that he
had taken them, 1In figures 20 to 25 inclusive the performance curwves f{or
the same subject are presented using schemata norms.

Looking at the perforwance curves for problewms 3la, B, C, and D
(figures 14 and 20) the diffcrences on the curves can be scen when scaemata
and group norms arc used. In problems 318 ond 31D, when scored according
to the group norms, the subject received a very high score, his performance
curvce rapidly increases (figure 14). This means that ke was in agrceament
with tho group. Nevertheless, when his performance is scored according to
schemata norms, the curves show platcau and very low values. He did not
follow any Mlogical sequence' as defined by the schemata,.

In probiem 33C (figure 21) the subject shows a good performance
according to schemata norms, his curve is increasing rapidly and no
plateau is observed. He has followed one ''logical scqucnce' as defined by

tic schemata norms. When he is scored according to group norms (figure 15)
his performance curve increases slowly and he has a low value. He was not
in agrecement with his group.

Looking at figures 16 and 22 that present the performence curves
for problem 25, we sec & rapid incrcasc on the curves when he is scored
with group norms and also when he is scored with schemata norms. This
means that he has followed a '"logical scequence' according to the schemata
and at thc same time, hc was in agreement with his group.

Looking at figures 17, 18 and 1% that present the performance curves
for problems 324, B, G, D; 344, B, C, D; and 364, B, C, D; using group
norms, and at figures 23, 24 and 25 that prescnt the performance curves
for the camc problems using schemata norms, it can be scen that in 2ll
but two of these problems he has a better performance curve when using
schemata norms than when using group norms,

In summary, it can be concludcd that a performance curve using
group norms will not tell us how the subjcct has solved the problecm but
how he is in agreecment with the other subjects in thc group. The per-
formance curve using schemata norms will tell us how the subjeet has
approached the problem. If he has used a "logical sequence’”, no plateaux
will appeer on the performance curve and his scorc and performancc curve
will be the sama regardless of the group to which he belongs.
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2, College versus high school students,
a) Length of plateaux,

One of the aiws of this study was to see the influence that ed-
ucational level has on the performance of these types of problems, For
this rcason the college students as a groud wcre compared with the high
school students on the 24 problems used in the training sessions, This
comparison was done using length of plateaux calculated from the schemata
norms,

The mean, standard devietion, and "t" values for each one of the
24 problems of the trzining sessions for high school and college students
arc prescnted in table 11, The high schooil students show on all the prob-
lems longer platecaux than the college students. The "t" values (one tail
test) are significant at the .05 level or more on 19 out of the 24 prob-
lems,

From these results it can be concluded that the college students,
in general, approach the »roblems in a "more logical" way than thc high
school students,



G

TABLE 11

MEAN, AND ST.ND/ARD DEVIATIONS OF LENGTH OF PLATEAUX, NUMBER OF
SUBJECTS AND "t' VALUES FOR EACH ONE OF THE 24 FROBLEMS OF THE
TRAINING SESSIONS FOR THE EXPERIMENTAL SUBJECTS IN HIGH SCHOOL

AND COULLEGE,
Jroblems High School Collcge
M c N M c N "t Values
314 1.42 1.70 19 1.05 1,10 19 .80
B 4,42 2,21 19 4,11 1,97 19 46
c 3,74 2,71 19 1.16 1.39 19 3,69™%%
D 4,11 2.12 19 2,68 .86 19 2,71%%
334 5.58 2,66 19 1.79 1,54 19 5,37%%%
Type a B 6.53 2.37 19 4,26 2.20 19 3.06%%
C 5.32 2,97 19 3,32 2.62 19 2,20%
D 5.32 2.49 19 3,89 1.89 19 1,99%*
35A 2,00 2,43 19 1.21 2.07 19 1,08
B 3,95 4,39 19 1.74 2.12 19 1,98%
C 3.37 3,63 19 .47 1,39 19 3,25%%
D 3.26 3,49 19 .95 1.54 19 2.64%%
32A 3.37 2.81 19 1.89 . 1.84 19 1,99%
B 3.53 3.33 19 1,37 2.01 19 2.42%
C 4,05 2,98 19 1.79 2.28 19 2,63%*%
D 5.11 3,21 19 3.53 3.14 19 1,53
34A 5.89 6.0 19 3.00 3,74 19 1,70%
Type b B 7.32 5.78 19 2.21 3.07 19 3, L0%*
CcC 5,26 5.98 19 2,26 2.83 19 1,98%
D 4,79 4,54 19 2.16 2.76 19 2.16%
36A 10,00 4,33 19 9,26 4.83 19 .50
B 7.47 5,08 19 4,53 4,74 19 1,84%
C 6,53 5,58 19 2,63 4,43 19 2,39%
D 5,05 5.54 19 .26 .71 19 3,74%%%
*PZ.05
**P, 01

***Pe, 001
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B. Pre and post-testing scssions.

1. Control versus cxperimenter subjects
2) Schemata norms:

Table 12 prescnts the mean diffcrences, the standard deviations of
differences, and '"t" velucs for differences betwcen experimentzl end con-
trol subjects on the accurulative scorc for cvery problem administered
during the pre and post-testing sessions for thc high school and collegc
students,

Comparing cxperimental and control subjcets on the accumulative
score (schcmata norms) in probiemsl, 19, and 25 which were administered
in the pre and post-testing scssions, no significant differenccs are found
neither for high school nor for college students. It is pogsible that
memory has had an influcnce on the performance of the experimental subjects
in the second administration of these problems. For here it appecars that
menory of the first administration has overcome the effcct of the train-
ing between the administrations.

Problems 31D' and 35B' have the samc schemeta and content as the
one uscd in the training sessions. Thc differences betwecen control and
c¢xperimental subjccts arc significant at the.001 level for problem 31D
with both the high school and college students; and at the .01 lecvel for
problem 25B* with college students. For problew 35B' there is no signi~-
ficant aiffercnce between control and experimental high school subicets.

In problem 32F there is no significant differcnce betwecn control
and expcrimental subjects., The content of problem 32F was not similar
to the cne uscd in the training sessions., Probiem 36F has the sane
schemata and content as the one used in the training sessions; the M of
the accumulative score is significant at the .001 lcvel for college students
and at .0i lcvel for high school students,

Problcms 26 and 4lA werc new problems with different schemata than
the ones used in the training sessions, Therc is no significant diff-
ercnce betwcen control and experimental high school and collcge studonts.

In summary, these results sccm to indicate that when the problems
have thc same schemata and content as the ones used in the training
scssions, the differcnces between cxperimental and control subjecets
on the "logical" way of approaching a problem arc significant, But, intro-
ducing a changec in the schemata or in the content, the subjects with train-
ing scem to approcch the problem in as similar a manner as the subjects
without training do when judged by the accumulative score obteined accord-
ing to thec schemata norms, )
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TABLE 12

MEAN DIFFERENCES, STANDARD DEVIATIONS OF DIFFERENCES BETWEEN
EXPERIMENTAL AND CONTROL SUBJECTS ON THE ACCUMULATIVE SCORES
(SCHEMATA NORMS) , NUMBER OF SUBJECTS A4ND "t' VALUES {OR EACH

ONE OF THE PROBLEMS OF THE PRE-TESTING AND POST-TESTING SESSIONS
OF HIGH SCHOOL .\ND COLLEGE STUDENTS,

High School Collcge
My (1S 1] '
L o] N t M o] N Mt
Probleus D D D
Pre- 1 ~-.00413 ,01774 19 -1,01 ~.00061 .02572 19 -.10
Tusting g9 .C0754 ,02673 19 1,23 -.C0666 .02475 19 1,17
25 .00371 ,02239 19 .72 . 00556 .02055 19 1.18
Post- 1 .00255 ,02676 19 .42 . 00061 .01648 19 .16
Testing 19 .00710 ,02963 19 1.04 . 00380 .00804 19 47
25 -.00657 .,02357 19 -1.21 .00101 .02303 19 .19
Type a 31D .04868 ,05224 19 4,06%%* 05921 .06294 19 4, 10%%%
358! 01779 ,04501 19 1,58 .03326 .04953 19 2,92%%
Type b 32F -.N0010 .00082 19 -.53 -.000C2 .00068 19 -.11
36F .00280 ,00375 19 3,26%* .00422 .00265 19 6. 94%%*
New 26 .01052 ,03969 19 1,16 ~,00203 04762 19 -.18
Problems 41A -,00876 ,03787 16 ~-1,01 -,000643 .05007 19 -,56

*P¢.05
**P .01
***P ¢, 001
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b) Length of plateaux:

By inspection of the performance curves using schanata norms
(figures 20 to 33 inclusiwve), it can be scen that there are moments in
the solution of the problem when no improvement is obscrved. This means
that the subject had selccted a useless question, a question that has a
scorc of zero, Obscrving the performance curves of every subject in all
the problems, it is possible to know the length of platcaux that each sub-
jeet has 1n every problecm. In table 13 the ixcan differcnces, standard
deviation of diffc¢rences, number of subjects, and “t" valucs arc given
for the differenccs between control and experimental high school and college
subjects for the problems of the pre and post-testing sessicns.

When comparing experimcental and control subjects in problems 1, 19,
and 25 that were used in the pre and post-tecsting sessions, no diff-
ercneces on the length of plateaux is observed.

Problems 31D0' and 35B' have thc same schemata and content as the
one used in the training sc¢ssions; the differcnces between control and
experimertal are significant at the .0l level or morc,

Problem %2F has the same figure but diffcrent content than the one
used in the training sessions; the differcnces arc not significant. Prob-
lem 36F has the samce schemata and content as the one used in the training
sessions; the diffecrences between control and experimental are signifi-
cant at .00l level for the collcge students and at the .01 level for the
high school students.

Problems 26 and 414 were new problems. The differences are in the
expccted direction, but a .05 ievel of significance was rcached on prob-
lem 26 only with the college students,

In summary, by the study of length of platcaux comparing control and
experimental subjects, it czn be concluded that when control and ex-
perimental subjects know the problem thcere is no significant difference
in the way that they approach the problem. But, there is a significant
difference when the problem has the same schewata and content as the one
used in the training scssions. When the problems have a different schemata
or contcnt than thc one used in the training scssions, the subjects with
training always approach the problem in a more 'logical' way than the
subjcets without training, nevertheless the diffcrences do not always reach
a level of significance.

Couparing thesc results with the conclusions on accumulative score,
it can be scen that, in gencral, they are similar., Ncvertheless, the
study of length of platecux scems to be a wore scnsitive technique than
the study of the accumulative score. The accumulative scorc is obtained
by accuwaulating thc score corresponding to every question that the subjcet
has asked. If thc subjcect asked useless questions, he received a score
of zero; yct he is not punished by the number of useless qQucstions he
asked. lowever, the uscless questions arce taken into considecration in the
study of length of platecaux.
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TABLE 13

MEAN DIFFERENCES, ST/ANDARD DEVIATIONS OF DIFFERENCES BETWEEN
CONTROL AD EXPEP IMENTAL SUBJECTS ON THE LENGTH OF PLLTEAUX,
NUMBER OF SUBJECTS AND "t" V.LUES TOR EACH ONWE OF THE PROJB-
LEMS OF THE PRE-TESTING aAND POST-TESTING SESSIONS OF HIGH
SCHOOL AND COLLEGE STUDENTS.

PROBLEMS iligh School College

MD OD N fnen Mp OD N nen
Pre- 1 .36842 2.27597 19 .71 -.10526 1.37246 16 -.33
testing 19 .63158 3.32788 19 .83 . 26842 2,47536 19 .65

25 1,05263 5,70755 19 .80 1,63158 4.,01589 19 1,77

Post 1 -.10526 1.%9723 19 -.23 -.05263 .60469 19 -.38
testing 19 ~.15789 3.82874 19 -.18 .635158 2.71856 19 1.01
25 ~-.84210 3,61607 19 -~1.01 .36842 1.92519 19 .83

31D! 1.73684 2.57196 19 2.94%% 2 42105 2.43474 1S 4, 33%%*
typre a 35B' 2.63158 3,75865 19 3.05%*% 3,31579 4.67977 19 3.09**

32F .57895 3,99099 19 .63 .31579 3,22902 19 .43
type b 36F 4.89474 7.45438 19 2.86%*% §,15579 5.14284 19 6.91%%%
New 26 .68421 2,86637 19 1.04 1,.36842 2.67956 19 2,23%
Problems 4lA .768947 2,14179 19 1.61 1.05263 3.03443 19 1.5
*P .05
**P g, 01

***P<.001
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¢) Performance curves:

It is impossitl: to present the perfocrmance curves for every subject
on all the problems they have taken. The performance curves for a control-
experimental pair (schemata norms) are presented in figures 26 to 33 in~
clusive, This pair was sclected not because it umphasized the differences
betwecen control and experimental subject, but, because¢, according to the
author, it is one of the typical cases.

The performancc curves for problem 1, pre and post-testing, for the
control-experimental pair presented in figurce 26 show a plateav on the curve
of the control subjcct in the post-testing sessions.

In figures 27 and 28 the performance curves for problem 19 in the pre-
and rost-testing sessions show higher values for the experimental subject
than for the control subject and no plateaux on the curve of the experimen-
tal subjeet on the post-testing session.

In the performance curves of problem 25 (figure 29) the exjcrimen-
tal subject shows a higher value on the pre-tcsting session but longer
plateaux than the control subject. The performance curve for the control
subject shows no plateaux and higher values than the performance curve of
the uxperimental subject in the post-testing scssion,

The performance curves for problems 31D' and 35B' (figure 30) show
a "better" performance for the experimentel then for the control subject.
The experimcntal subject has higher values and no plateaux at all, while
the control subject has lower values and longer platcaux.

Looking at figures 31 and 32 for the performance curves in problcms
32F and 36F, the cxperimental subject shows no plateaux at all, while the
control subject shows 6 and 12 plateaux respectively which are the maximum
possible length of plateaux for these two problens.

Figure 33 shcws higher value and longer length of plateaux for the
control than for the experinmental subject on problem 26. In problem 41a
the experimental subject reached a higher value but also shows a platcaux
on the pirformance curve,

In summnary, the performance curves of the controi-experimental pair
prescnted here show no clear differentiation betwcen the two subjects on
the performance curves of problems 1, 19, and 25 in the pre-testing
scssions. When the same problems 1, 19, and 25 werc aduninistered at the
end of the experiment, the experimental subjects had a "better" rerform-
ance on problems 1 and 19. In problem 25 the control subjecct had a
"better" performance than the experimental subjeet.
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Looking at thc rerformancc curves for nroblems 31D*,35B', 32F and
36F, & clear diffcrentiation is demonstrated. The cxperimental subject
has no plateaux at ail on the performance curves. This means that he has
solved the problems using a '"logical"” sequence of questions. The control
subjuct showed a large number of plateaux on the performance curves of
these problems. This means that he has solved the problems using a '"non~
logical’ sequence according to the schemzta norms. Regarding the new prob-
lems 26 and 41a no clear diffoerentiation between the performance of the
two subjects is found.

The performance curves of just onc¢ control-experimental pair was
sclected among the 38 control-cxperimental pairs. It is not possiblc
to say that the performance curves of all the control-uxperimental
subjects arc like the ones presented herc; but, in general, they follow
the trend explained above.
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d) Convex scts:

after scoring every control and oxyurimental subjcet using schemata
norme on the problems of the pre and Lost-testing scssions, poligonal
convex sets wece drawn by plotting the (0.) scorce on the abscissa and
the (0,-E) scor: on the ordinete (sce mctgodology #3).

Comparing the convex sets for control znd c¢xperimental subjects
(figurcs 34 “o 45 inclusive) on problewms 1, 19, and 25 in the pre-testing
end post-testing sessions no clcar differcntiction is found. 1In problew 1
the convex set for the experimental high school students in the post-
testing session shows a greater variation then for the control subjects
in the (0 .%) score.

For problem 31D' the "logical scquences' to be followed in order to
solvc the protlem are 2, 4, 7 or 2, 7, 4 and 2, 3, 8 or 2, 8, 3. The con-
vex sety for problem 31D' (figures 46 and 47) and the sequcnces follow-
by the subjects whose tactics f£2ll1 on the boundaries of the convex scots
show that five of thc experimental high school subjects followcd the se-
quence 2, 4, and 7 while just 1 control subjcct foilowcd that scquence.
For the college students eight of the c¢xperimental subjects followcd the
sequences 2, 4, 7 or 2, 3, and 8 while 1 control subject followcd the se-
quence 2, 4, and 7. All thesc subjects have a (Qy) score = .15 and a
(OS-E) score = .12,

The sequeinccs of the subjects that have a (0) score = .15 but a
(0_-E) = .11 (experimental high school subjects 2 and 11, experimental
coflcge subjects 5, 12, 16 and 18 and control college subject 18) show that
all of them sclected cards corresponding to one of the sequences 2, 4, 7;
2,7,4 or 2,8,%; but, thcy selected cne question more, This questiun was
placed in the middle or at the cnd of the sequence and this question be-
longs to thc other logical sequcnce. For examp:ic, experimental high school
subjcet 11 sclected the scquence 2,7,4,8 and eoxjperimental high school
subjeet 2 selccted the sequence 2,3,4, and 7.

The sequences of the subjects whose (Os) score = .15 and (O _-E)
score = .10 (expcrimental high school subjects 2 and 1l4; control high
school subject 19; cxperimental college subjects 10,13,15,17 and 19) show
chat thcey have selected the two sequences one after the other. Experimental
college subject 13 and experimental high school subject 3 seclected 2,4,
7, 3, and 8, The other subjccts altcrnated betweecn the two sequences,

In the high school students experimental subject 9 and control
subjects 9 and 13 have a (0_ ) score = .15 and a (OS-E) score = .09. The
sequences followed Ly these subjects shiow that they sclected beside the
two sequences onc morc question. This means that they have selected
5iX questions in ovder to solve the problem instcad of the three required
ones.,
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T . subjccts with & (Og) score = .15 and & (O4-E) scor. = .08
(control collcge subjeet 19 sclected 7 questions; the two required log-
ical scquences cud two more questions. Exjpcerimintal high school subjcct 4
with a (0;) scorc = .15 and a (Og~E)score = .064 had scleeted the scquence
2,4,3,7,9,8,1,10, and 6. It can be secn that scquence 2,4, and 7 is locat-
od among the first 4 questions he bad zueleetad).

In figurce 46 the convex scts for high school subjects show that .x-
perimental subiect 12 and control subject 16 have the saae (04) scorce =
.125, Their scquences are 2,4 (subjcet 12) and 2,3,6,7,8,5,4,1,9,10
(subject 16). Noticce that the first two questions Lelong to one of taw
logical soquences, aund, that is the reason that they have the same (Of)
score. But, whilc subjeet 12 asked no more questions and his (O.-£) scorc
= .10, subjcct 16 asked 8 more questions. He is punished for ali thesc

useless quustions he has asked and his (OS-E) score = ,025.

Looking at the same¢ figure 46 controi high school subtjceet 6 has n
(05) score = .05 and a (0g-E) score =.02. His sequence is 8,4,7; he
sclected three questions but he did not ask question number 2 which is
tic most iwmportant and should, according to thc schemata norms, be always
asked in thc first place. Experimental high school subjects 7 and i8
seiected thi s.quences 6,8,2,4,3 and 3,2,4,8,7 respectively. The only
qucstion that has a score is question number 8 for subject 7 and question
number 4 f£or subject 18. They had sclected the other required questions
of the logical scquences, but in a wrong order and conscquentiy they re-
ceived a score of zero for them. The scquences of subjects 7 and 11 of
the control group are 7,2,8,4,3,1 and 4,7,2,3,8,5 resgcctively. Their
situation is similar to experimental subjects 7 and 18 so they reecived
a score for only one quustion (8 and 7 rcspectively). The (Og) scorc for
tae & cubjccts is .025. Nevertheless they differ in terms of thoe (O_-E)
score Ly the fact that cxperimental subjects 7 and 18 sclected 4 questions
with scorw of zero, and their (Og-E) score = .025 while control subjects
7 and 11 have 5 questions with scores of zcro and their (OS-E) Score =
-.035.

Control subjccts 4,5, and 18 have & (Og) score = .00, This mcans
that thcy have not selected any required question in the right order.
Subject &4 sclceted fouc questions and his (Og-E) scorc = -,04 while
subjects 5 and 18 sclected 5 questions and consccuently their (0g-E)

score = -,045,

i similar aprroach can be followed in orcer to complete the study
of the convex set for the college students (figure 47), Control collcge
subject 12 has a (Og) scor¢ = .10 and a (0g-E) scove = .065. The scquence
that he followed is 2,5,6,7,4,3,9,8,10, He received a score for question
number 2 and a zero score for all the other questions., He sclected ques-
tions 7 and 4 but in the fourth and .ifth order instead eof the sceond and
third oxder.
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Control subjcets 2,5, and 135 have the sanmc (OS) score =,05. This
means that thay reccived a score for the svcond and third questions they
asked. The differcncces in the (Og~E) scercs are duc to the fact that
sut.jeet 13 selceted 8 questions for which he rcceived a score of zero
while subjects 2 and 5 scleceted only one question with a zero veluc,
Looking at thc bottowm of the convex sct there are 5 control subjeccts and
1 experimental subject that heve an (Os) score = ,025., They reeeived a
score for just onc question. The differences in (OS-E) scores arc due
to the numbir of questions that they have sweleeted with a score of zero,

In summary, it can bc concluded that the convex scts for problem
31D' shows a clear differentiation between control and expcrimental sub-
jects. Scventcen experimental college subjeets arce located in the upper
boundarics of the convex set while only three control college subjents
arc ia that place. For the high school students the ratio is 11 uxieri-
mental to four couitrol subjects.

The conve:x sct for problem 35B' (figurcs 48 and 49) show that 9
of the collnge students followed a logical sequence while 1 of the cun~
trol subjccts followed a logical scquence. For the hifh school studcnts
7 cxperinencal suoicets had followed one of the ingicel seuvences wiilo
just 1 cortrol suljicer did so. If one wishcd to do a Jetarled study for
protlem 3%B¢, a similar approach as the onc follswed for problem 1D!
should be performzd,

Figures 50 and 51 present the convex scte fer problem 32F. In
figures 52 and 53 the convex scts for problcm 26F are presented for the
high school a&nd college studcnts repe. tively.

Notiec that in thesc problems (tyge b) the scquences followed by
thc subjecets are not presented, but tte nuaber of questions that the
subject used in order to solve the pooblem is prescnted. Ins;cetion of
the figurcs 50 end 51 show that the convex scts for the control subjects
in both high school and college studenis cnincicde on the lower boundary
with the convex sets for the experimental subjects, nevertheless, the
convex scts for the xperimental subjects sihow higher values on the 1Gft
upper corncr,

In figures 52 and 53 the convex esets for thu control subjicets

become a lince that is located in the lower bouw..ary of the convex sct

for the experimental suvbjeets. It can be scen that o.wly the experimental
subjects asked the required or less than the required nuwber of questions.
Every control subjeet asked morc than the requiied number of questions in
ordcr to solve *tho prolicm, For the high school control subjects the num-
ber of quc: tlons ranked from 6 (subjeccts 3 and 7) to 18 questicns (sub-
jeets 5,9,11,12,13,175, that is, che maximum nurber of questions trey can
ask. For the college contrul students the rank goca frow 9 questions
(subjects 2,3,14) to 18 questions (subjects 4,8,10,15,17,19). In the ox-
poriment sl high echeolFutndents 4 of them solved the problem with the
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rcquired 5 questions, 4 subjvets solveu it with 4 questions and 1 subject
solved it with 3 questinns., In the college students 8 of them usced the
requirca number of uestions in order to solve the problem, 2 subjects
solved it with 4 questions and 2 other subjects solved it with 2 questicns,

It can be scen that severai experimentzl subjeets solved the § Ob-
lcm with liss then the required number of questions, The problem caa be
solved witii 4 quostions Lf the subject assuacs that the code 1s based
on the color and kind of lince, and he starts asking questions on this
basis. To follow this approach is a very "good gucuss'" for this preblem
and it was rollowed Ly several experimentcl subjects who had similar prob-
lems in the training scssions, but, couputing the schumata norils on &4
questions will punish the coatrosl subjects whe do not know the problem at
ail and had no "good guessing" arproach, It was dccided that with 5
questions the protlem could be solved even 1f the subjeet had no idea of
the rationale underlying the assignment of valucs to the different arcas.
The convex sets for problem 36F show a clear difterentiation between cou-
trol and experimental subjects.,

The convex csets for problem 26 in the high school students (figure 56)
show higher values for the experimental than for the control subjects. In
the convex sct for college studeats (figure 55) the experimental subjects
show lowcr seares than the control subjects.,

The convex sct for problem 4la in the nigh school students (figurc
56) shows a grcater variation, in terms of the (Og) secoure, fur the ex-
perinmental subjects than fur the control subjects; the reverse is ob-
scrvel on the (O_-E) scure. In the convex sct for the college studento
(figurc 57) the higher valucs are observed for the cxperimental subjects,

A deteliled study of the convex sets was presentced here for L rob-
lems Z1D' and Z6F., These two problems have been selected becausc their
schemata is very clear and a small nunber of questions are required 1n
order to solve the problems., There is no other reason and a similar
study can be rerformed with any one of the convex scts for any pro.icm,

In summary, the study of thce cuuvex scts nermit onc to dilfercn=-
tiate betwecn the control arnld cx;erimental sunjects, It Ls possible to
sce the scquence or tactic .uilowed by cacn subjeet in order to solve the
prcblem. When the convex scts ave based on the schemata norms as in the
cascz describaed herce, it is possibla to sce the subjuct that has felliuwed
a "logionl"™ scquence, he will ke aiv the uprer corncer of the convex sect. It
is also jossible to scc how a subject departed from the "logical' sequences.
It secms that when the subjeet starts asking the questions in a "logical”
manner but does not finish thoe scquence, which wmcans that he has ashed
less than the required number of questions, his tactic will be 1ocated on
the uprer horizontal btoundaries of the convex set. The fewer the questiouns
he asked the lower will Le his position on that boundary. The suljcet who
falls on the lower corner of the convex scts will be the subjeet who has
asked nonc or very few of the questions that belongs to any "logical"
sequencs, Kis location on that houndavy will depend on the number of
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ugeless questions he has asked. The subjeet who starts asking ques-

tions in a "logical™ scquence but then deperts frow that sequence and
asked questions at random will be located on the lowcr horizontal bound-
aries of the convex sets. aAgain, his position on that boundary will
dcpend on the number of questions he has asked in a "logical" way. The
subjects who askzd all the questions that belong to one of the "logical"
sequences according to schemata norms, will be located on the upper vert—
ical boundary of the convex szt. If he asked just the required questions,
he will fall in the upper corner of the boundary. But, if bcside the re-
quired questions hc has asked others, hls location will fall lower on that
upper verticzal boundery according to the rumber of uscless questions asked.

The subjects whose tactics are located inside the convex sets are
the ones who asked as many questions of & "logical" sequence as the sub-
jects who are located on the same ordinate on the boundarics. Their posi-
tion along that ordinate will depend on the number of useless questions
asked. :

All these implications can be scen by a close inspection of tig-
ures 46,47,48,69,52,53,56 and 57 that present the convex sets for problems
31D', 35B',”SF and 41A which arc the problems with & clear schemata.

There are cases where the problem can be solved using diffecrent
sequences or tacties, but not all of them have the same weights. In other
words, if there are Severai: "logical' tactics, therc is one that is 'more
logical™ than the others or therc is a group of questions tnat should be
asked. There is no absolute position in the sequence for every ques-
tion. The results are that several of the "logical" sequences will have
different scores and the subjects who followed them will be located at
diffcrent points on the convex scts, This is the case of cxperimental
college subjects 3,12,and 17 and control college subjcets 4 and 1 on
problem 25 (figure 55) who have followed one of the "logical" sequences,
ncvertheless, their locations are different on the convex sets.

Looking at the convex sct for the same prublem (26) in high school
studants (figure 54), it can be seen that expecvimental subject 11 hed
followed a “logical" sequence. However, hic score is lower than subject
19 who had selected a "logical sequence™ but with two more questions at
the end. This happened because according to the schemata norms subject
19 had selceted a scquence with more weights than the sequence selceted
by subjcect 11,



-66~

.04 4

: 2
2(04-L) / f
/o x f’g
-.0b 8 / . i Control + =~ -
1,10 i P Expcrimcenteal .
14\!‘ s
=% .7 g
3,1
.CC Q8 AL
5¢0,)

FIGURE 34

LIMITS OF PERFOIMANCE OF t° SCHOOL CONTROL AND EXPERIMENTAL SUBJBECTS

ON FROBLEM 1 OF THE DKE-T iG SESSIONS BASED ON SCIUEM..TA NO™MS.
Control Exnerimental

Subjcets Toeties Subjeets Tactics

7 4,7 17 3,7

3,¢ 4,8 12 4,5

8~ 1,2,4,5 1¢ 4,8

14 1,2,5,5,4 2 1,5,3

T 1,2,3,5,6,7 1 2,1,8,3

[ 3,4,8,7,5,6 12 1,2,8,4

- 3 2,1,3,7,4,3
8 5,7,1,4,3,2,7,8
18 4,7,8
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FIGULEL 35

LIMITS OF »RERFORQIANCE OF COLLEGE CONTROL ..ND EXPERIMENT.L SUBJECTS
ON PROBLEM 1 OF THE PRE~TESTING SFSSIONS BASED ON SCHIMATA NOWMS,

Control Experimental
Subjccts Tactics Subjcets Tactics
8 4,5,7 1 u,6,7
17 4,8,7 c 4,8
KB 4,7 1C 4,5
1,18 3,8 14 5,2
n,12 4,8 7 2,¢,3,1
5 4,5 16 1,2,5,7,5,2,4
13 1,2,8;8
10 4,5,7,6,3
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FIGURE 36

LIMITS OF PLYFORMANCE OF HIGH SCHOCL CONT:OI. AMD EXPERIMENTAL SUZJECTS
ON PROBLEM 17 OF THF PRE-TESTING SESSIONS BALEID ON SCHEMATA NC.%S

Control Exnerimental

Subjects Tacties Subjects Tactices
1n 6,15,16,17,2,18,4,19,5 3 6,16,17,15,2,18,4,15,5,20,3,12
13 5,12,13 14 5,3,2,6,4,18
6 5,12,14,1. 5 9,15,2,18,4
&4 5,9,12,13,14,2,19,18,20, 15 5,14,13,12

6,17,16,15,7,4 4 5,12,6,17,15,15,9,19,20,18,4
18 2,12,13,14,7,16,19,2,4, 9 2,18,4,19,5,20,6,15,3,12,14,9,

5,15,15,20,17 11,1
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LIMITS O¢ PERFOMANCE OF COLLEGE COCNT “OL AND EXPERIMENTAL SUBJECTS

ON PROBLEX 19 OF THE PRE-TESTING SESSICi3

Control
Subjcets Tactics
8 6,15,17,2,19,5
Ta 2,6,15,16,5,19,i7
3 6,16,19,5,2,17
T 2,19,5,18,4,17
2 5,2,20,19,18,i4
Is 5,8,9,15,17,6,16,2,18,19
7 ©,12,13,14,2,18,19,20,4,
1,5,6,i5,17

BASED ON STHEMaT. NORMS.

Zuperizental

Subi:zte  Tactices

2 19,2,16,6,17,18,4,15,5

4 6,2,19,5

15 5,14,13,i2

6 2,6,7,19,5,9,12,20 _

11 2,20,18,4,5,19,15,17,16,5
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FIGURE 34

LIMITS OF YERFOR.VINCE OF HIGH SCHOOL CONT(CL AMD EXPERIMENTAL SUBJECTO
ON PROBLUI. 25 OF THE PRE-TESTING SESSIONS Li3uD ON SCHEMAT.. NORMS

Control Exverimental
Subjeets Tacties Subjects Tactics
16 9,2,1i,12,15,18 11 10,2,23,24,20
9 1,2,3,10,20 15 8,7 3,9,24,20
3 °,19,7,15 2 2, ,9,20
8 1,9,24,16 14 25,23,11,15
To 1,35,2,6,3,9,12,i4,15,16,17, 13 2,4 ,17,22 11,
18,24 3 23,24,25,9,1 ,-5,-0 14,26
1 1,2,3,4,5,6,7,8,3,10,12,13, 7 1,9,4,6,12,17,23,24,103
14,15,16, 17,18,19,-5 24 1¢ 12,9,i,2,4,24,15
lo 2,3,10,20
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LIMITS OF FERFORMANCE OF COLLIGE CONTAOL AND EXPENIMENTAL SUBIBCTS
ON PROBLIM 25 CF THE ¢RF-TISTING SESSIONS BASED ON SCHIMATA NOMS.

Control

Subjicts

[t =t

Tactics

10,23,2,24,20
1,2,9,24,20
2,3,1,4,5
1,9,15,11,18
2,3,1,4,5,6,11,13,14,
16,15,20,22,21

Experincental
Subjcets Tactics
10 €,2,23,15,5
8 10,25,20
7 1,10,8,2¢
3 2,1,3,4,5,15
16 1,2,3,4,5,¢,14,17, 24,

25,15,20
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FIGURE 40

LIMITS OF FERFORMANCE OF HIGH SCHOOL CONTROL AND EXPERILENTAL SUBJECTS
ON PROBLEM 1 OF THE PCST-TLESTING SESSIOQNS RASED ON SCHIMATA HOIMS.

Control Expcrimental
Subiccts Tactics Subjeccts Tactics
7 3v9v7 3v5 uv8v7
11 4,7 13 3,8,7
5 2,3 2,12 4,8
5 2,1,5,4 11 4,7
14 - 3,7,8,2 7 1,2,3,5
16 ¢,6,8,4 16 1,2,3,4,5,9,8,7
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FIGURE 41

LIMITS OF PERFOMANCE OF COLLEGE CONI«OL Ai'D IXPUPRIMENTAL SUBJECTS
ON PROBLEL: 1 OF THE POST-TRESTING SESSICHIS BASEND ON SCHEMATA NO:S,

Control
Subjects Tactics
8 8,3,7
28 4,5
$23 3,6
12 4,8
14 6,9
17 2,5,8
19 5,1,4,6
10 4,5,8,7

Tvocrimental
Subi-cts Tactice
7 4,5,7
11 4,0,7
3,16,17,16 4,8
1,3,5 6,8
1e ?:1:4:9
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FIGURE 42

LINMITS OF PLERFO.ULJiCE OF HIGH SCHOOL COITTXOL AliD EXPERIMENTAL SUBJEOTS
ON FR0ODL29 19 OF THE POST-TESTING SES5IONS BASED ON SCHEMATA NO&L1S

Control Experimental
Subjcects Tactier Subj:cts Tactics
5 6,16,15, 317,2,18,19,20 13 6,15,16,17,18,4,2,19,5
] 2,18,19,20,5,4 12 6,15,16,17,2,19,5
A 5,9,12,14,13 14 2,18,4,6,15,17,16,19,5
17 2,6,5,9,13 "4,17,16 15 12,13,14,5
12 2,18,4,19 ,20,12,6,15,17 18 16,2,4,19,20,17,6,16,15,5
1C 2,16,20,1+,5,2,4,6,15,17 11 2,13,19,20,4,8,12,13,14,7,15,
16 2,18,,19,20,5,6,15,17,16 16,17,9
14 2,20,1%,18,4,5,6,8,15
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FIGURE 43

LIMITS OF PERFOWMANCE OF COLLEGE CONTIOL AND ENPERIMENT.L SUBJECTS
ON PROBLI} 19 OF THE POST~TESTING SESSIGHS BASED ON SCHEMATA NO4S

Control Experimental
Subjects Tactics Subjects Tactics
7 6,15,i6,17,2,18,19,5 4 6,15,16,17,2,12,19,4,5
[ 6,15,16,2,18,19,5 3 6,15,17,2,19,5
3 6,16,15,17,2,19.5 6 6,2,17,19,5
19 2,20,18,1¢,5,17 19 20,19,13,5,6,2
1 2,19,7,15,17 7 5,6,15,16,17,4,9,12,13
13 2,18,4,1¢,20,6,7,16,17,5
16 2,20,6,15,9,1,18,4,19,5,17
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FIGURE 44

LIMITS OF UERFOIMANCE OF HIGH SCHOCL CONTQROL 4ND EXPEXIMENTAL SUBJECTS
ON PROBL®M 25 OF THE DI'CST-TESTING SESSIONS RASID ON SCHEMATA HORS.

Control Experimentcl
Subjccts Tactics Subj.cts Tactics
16 10,2,23,15,20 12 €,2,1,15,20
[ 2,%,1,20 15 1,2,10,26
2 7,5,8,26,17,18 1 26,25,23,17
13 2,23,15,20 11 2,v,11,20
12 10,8,23,20 7 2,3,10,7,17,16,21,24
- 17 5,6,7.6,11,20,1%,17,
23
16 1,2,3,5,6,5,10,24,23,
17,4,26
18 1,8,6,6,3,18,17,24,

23,21,22,16
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LIMITS OF PERFORMANCE OF COLLEGE CONTROL AND EXFERIMENTAL SUBJECTS
ON PROBLEM 25 OF THE POST-TESTING SESSIONS BASZD ON SCHEMATA NORMS,

Control Experimentel
Subjects Tactics Subjcets Tactics
16 9,2,23,24,15 15 ¢,8,23,26,20
3 $,15,18 8 $,8,20
1 18,24,8,4 1% 2,3,7,9,20
7 1,10,23,26,18,17,15 18 2,3,5,5,24,23,15
7 9,23,2,24,20 S 7,8,3,5,14,15,24
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FIGURE 46
LIMITS OF PEXFORMANCE OF HIGH SCHOOL CONTR0L AND EXPERIMENTAL SUBJECTS p
ON PROBLEM 31D' OF THE POST~TESTING SESSIONS BALSED ON SCHEMATA NORMS
Control Experimental
Subjects Tactics Subjects Tactics
3 2,4,7 8,10,15,17,15  2,4,7
[ 8,4,7 12 2,4
3 1,5,2,7 7 6,8,2,4,3
5 4,10,6,3,5 18 3,2,4,8,7
18 8,2,5,7,3 4 2,4,5,7,9,8,1,10,6
7 7,2,8,4,3,1 9 2,5,4,7,8,6
1 4,7,%,3,8,5 3 2,4,7,3,8
16 2,3,6,7,8,5,4,1,9,10 14 2,4,5,7.8
2,13 2,4,8,3,7,6 2 2,3,4,7
19 2,4,8,3,7 11 2,7,4,8
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FIGURE 47

LIMITS OF PERFORMANCE OF COLLEGE CONTROL AND EXPERIMENTAL SUBJECTS
ON PROBLEM 31D' OF.THE POST-TESTING SESSION3 BASED ON SCHEMATA NO %S

\

Contro), Experimental
Subjocts Tactics Subjeets Tactics
3 2,4,7 1,6,7,11,14  2,6,7
2,5 6,7,8 3,6,3 2,3,8
I 7,2,4 9 6,2,4,7
17 7,2,8,4 10 2,3,7,4,8
3 6,2,3,4,7,8 13 2,4,7,8,3
Is 8,1,7,3,5,6,4 15 2,4,3,8,7
7 4,7,2,8,6,3,5,9 17 2,3,7,8,4
13 5,8,7,6,4,2,1,5,9,10 19 2,4,8,7,3
12 2,5,6,7,4,5,9,8,10 12,18 2,7,8,3
5 2,3,4,8,6,7,5 5,16 2,4,3,7
18 2,7,8,3
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LIMITS OF PEXFOXMMANCE OF HIGH SCHOOL CONT20L AND EXPERIMENTAL SUBJECTS
ON PROBLEM 35B' THE POST-TESTING SESSIONS BASED ON SCHEMATA NORMS

Control Experimental

Subjects Tacticso Subjects Tactics

1n 5,15,6,13,4 5,15 5,6,15,13,4

7 2,5,4,6,3,15 8,10 5,15,6,4,13

1 1,2,3,4,5,6,7,8,9,10 11,13,14 5,6,15,4,13

6 2,4,5,11,1%,14,16,15,8,6 12 5,2,8,11

10 5,7,14,6,2,15,15,11,9,16,12 . 4 5,6,11

2 5,2,7,15,11,6,4,8,14,12,13,9 1 11,14,12,16,7,9,6,5,13

18 5,13,15,16,14,7,8,6,12,9,11,4 6 7,5,4,6,8,15,2,14,11
18 14,16,12,8,5,6,15,2,7,13,4
16 5,15,7,9,11,15,4,12,14,16
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FIGURE 49

LIMITS OF PERFORMANGE OF COLLBGE CONTROL AND EXYPEPIMENTAL SUBJECTS
ON PRCBLEN 35B' OF THE POST-TESTING SESSIONS BACED ON SCHEAATA NOZM3

Control Eyvperimental
Subjects Tactics Subjects Tactics
5 5,2,8,13,4 3,9 5,6,15,4,13
Z 5,2,8,13 7,13 5,6,15,13,4
3 5,14,11,2,8 8,12,16,17 5,15,6,4,13
{ 4 15,6,5,13,4 11 5,2,8,14,11

1o 7,5,4,8,15,9,3 2 14,11,5,6,15,4,13
12 11,14,9,12,7,13,5,16,4 15 5,15,2,7,6,11,16,8,4,13
17 4,8,15,5,2,13,12,14,11,

6,7,%,16
7 5,14,11,8,6,18,4,16,12,

9,7,13
8 5,4,6,11,14,7,9,12,13,16
Is 5,15,6,14,11,8,4,13
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FIGURE 50

LIMITS OF PERFORMANCE OF HIGH SCHOOL CONTROL AND EXPERIMENTAL SUBJECTS
ON PROBL: 32F OF THE POST~TESTING SESSIOHS BASED ON SCHEMATA NO~4S

Control Sxnerimental
Subjects Number of Questions Subjects Number of Questions
5 12 8,18 12
g 10 9,11,14 11
§,7,9,11,12,13,14 7 6
16,17 18 12 5
15 17 1,2,3,5,6,10 ,13,16,
10,19 16 17,19 18
] - 15 4 15
1,2 14 15 14
3,18 13
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LIMITS OF PERFORMANCE OF COLLEGE CONTROL AND LEXDERIMENTAL SUBJECTS ON
PROBLEM 32F OF THE POST-TESTING SESSIONS BASED ON SCHEMATA NOMS,

Control Expcrimental
Subjccts Number of Qucstions Subjccts Number of Questions
5,7,15,16,18 12 1,10 12
g- T T 11 11,18 11
Tu 10 14 10
7,3,11,13,15,17 18 2 8
5,890 — — 15 3,4,6,5,13 18
IvTZ- - 14 14 17
s 13 15 15
i - 5,17,1¢ 1

7.8,12 13

..
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FIGURE 52

LMITS OF PERFCRMANCE OF HIGH SCHOOL CONTROL LMD EXPERIMENTAL SUBJBCTS
ON PROBLEM 36F OF THE POST-TESTING SESSIONS B.SED ON SCHEMNAT. NOWIS.

Control Expcrimental
Subjects Number of Questions Subjcets Numbcr of Quustions
5,£,11,12,13,17 18 3,4,5,12 5
2 — 17 1,8,11,14 4
6,14,16 16 7 3
1,8 13 15,16,18,1¢ 18
1¢ 12 9,10 11
15 10 6,13 7
10 S 2,17 6
[ 8
18 7
37 s
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LIMITS OF PEwFOMANCE OF COLLEGE CONTROL AND EXPERIENTAL SUBJECTS
ON PROBLIM 36F OF TH3Z POST-TESTING SESSIONS BASID ON SCHEMATA NOIMS.

Control Experiment al

Subjcets Numbcr of Questions Subjects Nuober of Questicns
4,8,10,15,17,1¢ 18 1,2,3,5,6,10,13,16 5

5 5 17 9,1¢ 4
18 3 8,14,15,17 3
1,6 13 4,11 2
5.7 12 12 16
12713 11 18 1t
18 6

Lo

10 7
s.
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LIMITS OF PERFO.MANCE OF HIGH SCHOOL CONTROL AND EXPERIMENTAL SUBJSECTS
ON FROBLEM 26 OF THE COST-TESTING SESSIGNS RASED ON SCHEMATA NO.MS,

Control Expcrimcntal
Subjccts Tactice Subjccts Tactics
17 1,2,6,7,8,£,5 1c 1,7,4,8,8.13,5
1 9 1,2,3,4,7 11 1,6,7,8,¢
Y 12,10,5,11 s 1,5.6,3,13
1 1,2,3,4,11,12,13,6,6,7,8 12 6,7,8
3 1,2,3,4,9,13,7,8,6,14,12 3 1,2,3,4,7,6,5,13,5,14,11,
¥ 1,£,7,2,3,4,12,11,10 10,8




.16 4 -87=- 2 3,12
///4?/;7,4
.12 4
.08 .
Z(OS-E)
.04
2
Control + = = = =« - -~
4 Expuerimental
13
.00 -
-.0L
11

.04 .08 .12 .16 .20

5(0_)

FIGURE 55

LIMITS OF PERFOMANCE OF COLLEGE CONTOL 4ND EXPERIMENTAL SUBJECTS
ON PROBLEM 26 OF THE POST-TESTING SESSIONS BASED ON SCHIMATA NORMS.

Control Experimental
Subjcets Tactics Subjcets Tactics
4 1,7,$,6,8 3,12 1,,7,6,8
T 1,6,7,8,¢ 2 ¢,7,3,6
17 1,5,8,3,6 14 7,14,13,8,5,2
Z 1,3,8,2,5,6 11 6,10,11,8,12,14,3,7,
7 1,10,11,12,2,4,3,6,7,8 13,5,4,9
13 1,10,11,12,2,3,4,6,5,9,7,8 17 1,7,6,5,8
17 1,6,11,,7,4,3,8,10,2
16 1,6,7,4,9,3,10,8,5
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FIGURE 56

LIMITS OF FERFGRMANCE OF HIGH SCHOOL CONT.OL AND EXPELIMENTAL SUBJECTS
ON PICBLEM 41/ OF THE POST-TESTING SESIIONS BLSED ON SCHEMAT'. NO.MS3,

L Control Cxperiment al
Subjcete Tactics Subjccts Tactics
~ 13 1,5,6,3 13 1,9,6,5,3
~ T 1,5,6 12 1,5,3,5
12 1,5 1 1,15,13
1 8 15,13,4,1,3,6,14,8,5 18 6,9,18
g 1,4,6,10,11,12,3,5,15,14, 23 11,4,3,13
13,2 2 6,3,13,10,8,11
3 1,5,6,11,3,15,13,4,8,¢ n 16,8,3,1,6,5,3,8
7 8,4,3,5,11,5,20,13
& i%,5,6,3,10,6
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FIGURE 57

LIMITS OF PE.FOXMANCE OF COLLEGE CONTKOL AND EXPERIMENTAL SUBJECTS
ON TROBLEM 41A OF THE POST-TESTING SESSIONS BASED ON SCHEMATA NOIMS,

Control
Subjcets Tactics Subjcets Tactics
3 1,6,5,3,5 2,18 1,5,6,9,3
g 1,5,6,3 17 10,6,S |
14 1,3,9,6 9 3,6,5
"2 6,3,5,¢ 5 6,3,8,13
g 5,14,13,8,6,¢,3 16 5,6,7,10,1,¢
6 14,1,6,10,8,3,11,2,13,5 7 1,6,3,2,13,8,11,5,¢
B 1¢ 5,6,13,1,3,14,4,8,10
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2. High school versus college students.

ay Length of plateaux.

In order to study thz effect that a particular educational level
may have on the performance of these problems, the length of plateaux that
appears on the performauce curve of high school and college students on
the problems of the pre and post-testing sessions were compared.

Tables 14 and 15 prescnt the mean and standard deviation of the
length of plateaux and the "t" values for coatrol and experimental high
school and collcge students. These tables show that the mean for the
length of plateaux is larger for high school than for college students
with thc exception of the control group on problem 36F.

For the control subjects the diffcrences arc significant at the
.05 level for problems 1 and 19 of the pre~testing sessions, and, for
problems 1, 25, and 26 .of the post-testing sessions.

Table 15 shows that the differcnces for the experimcntal subjects
are significant at the .05 levcl for problems 19 and 25 of the pre-test-~
ing sessions. For the post-tcsting sessions the differences arc signif-
icant at thc .001 level for problem 25, at .01 level for problems 31D’
and 26, and at the .05 level for problem 36F.

In summary, it can bec concluded that thc college students approach
the problems 1n a more "logical'" manner than the high school students even
if the differences do not always reach a significant level. Further, it
scems that training has more ¢ffect on the college students than on the
high school students,
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TABLE 14

MEAN AND STANDARD DEVIATIONS OF LENGTH OF PLATEAUX, NUMBER OF
SUBJECTS AND "t" VALUES FOR E/CH ONE OF THE PROBLEMS OF THE
PRE-TE3TING AND POST-TESTING SESSIONS ON THE HIGH SCHOOL AND
COLLEGE CONTROL SUBJECTS.

Problems idigh School Collcge
M o N M G N "t Values
Pro- 1 1.95 1.54 19 .95  1.00 19 2.37%
testing 19  5.05 3.30 19 3,37 2.41 19 1.79%
25 6.42 4.61 19 5.16 3.12 19 .99
Bost-~ 1 .84 .87 19 .32 .57 19 2.18*%
testing 19  2.79 1.91 19 2.47 1.98 19 .51
25  4.37 2.68 1 3,11 1.5 19 1.76%
31D 3,95 2.09 19 3,37 2,52 19 .77
Type a 358' 5.68 2.51 19 5.05 3.14 19 .68
I2F  4.00 2.25 19 2.79 2.44 19 1.58
Type b 36F "8.58 4.48 19 9.21 .46 19 -.49
New 26 6.00 2.20 19 4.67 2.85 19 1.85%
Probiems &4la  4.26 2.59 19 3.47 2.28 19 1.00

*P 05
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T.sBLE 15

MEslN AND STANDARD DEVIATIONS OF LENGTH OF PLATEAUX, NUMBER OF
SUBJECTS AND "t" VALUES FOR E:iCH ONE OF THE PROBLEMS OF THE
PRE-TE3TING ANL POST-TESTING SESSIORS ON THE HIGH SCHOOL .\ND
CCLLEGE EXPERIMENTAL SUBJECTS.

High School Collcge
- Problems M o N M o] N "'t Valucs

Pre- 1 1,58 1.84 19 1,05 1,32 19 1,02
testing 19 4,42 2,26 19 3,00 1,62 19 2,23%

25 5.37 2,64 19 3.53 2.14 19 2,36%
Post~ 1 .95 1,76 19 .37 .74 19 1,36
testing 19 2.95 2,46 19 1,84 1.56 19 1,66

25 5.21 2.80 19 2,76 1,3 19 3,.47%%%

31D 2,21 1,91 19 .95 .94 19 2,58%%
Type a 35B! 3,05 3,73 19 1,76 2,51 19 1,27

32F 3.42 2,82 19 2,47 2,44 19 1.11
Type b 36F 3.68 5,13 19 1.05 3.08 19 1,G62%

26 5.32 3,14 19 3,00 2.70 19 2.44%%

414 3,47 1.76 19 2.4z 2,09 19 1.68

*P.,05
**P <, 01
*F*P £, 001
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b) Conveir scts

Comparing tihe convex sets for high school and college students
for problem 1 of thc pre-~testing sussions (figurcs 34 and 35) show that
the convex sets for thc college students arc higher than the convex scts
for the high school students. On the same problem for the post-testing
sessions (figures 40 and 41) the convex scts for college students show
less dispersion than the convex sets for high school students,

In problems 19 and 25 of the pre and post-testing sessions (fig-
ures 36 to 39 and 42 to 45) the convex sets for college students show
less dispersion than the convex cets for high school students.

In problem 31D' the convex sets for college experimental subjects
(figure 47) show less dispersion than the convex sets for the high school
students (figure 46), Further, 17 college cxperimental subjects have the
higher (0_) score whereas only 11 high school experimental subjects have
the higher (Oe) score. On the convex sets for control subjects not much
differentiation is found.

The convex scts for problems 35B', 32F and 36F show little diff-
erentiation between high school and college subjects (figures 48,4$,50,
51,52 and 53).

The convex sets for problem 26 (figurcs 54 and 55)show larger
dispersion in terms of the (0 ~E) wvalues for the experimental collcgc
subjects than for the high school experimental subjects., Comparing .he
control subjects the convex sets for the high school students shows more
dispersion than the convex sets for the college students.

The convex scts for problem 41A (figures 56 and 57) show larger
valucs fo: college than for high schonl students in both control and
cxperimental subjects. As a gencral statement it can be said that the
college students show "bectter" performance than the high school students
on approaching these problcms.
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CHAPTER V

SUMIARY AND CONCLUSIONS

This research has been designed in order to study individual
diffcrences in thought processes. Its primary intcrest was to study the
proccss followed by the subject in order to reach the solution of the
problem. For this purposcv the performance of 38 expuerimental subjects
were studied throughout 24 problums of tne tralning sessions.

The methods used to perform the study of this first part of the
research wecre: group norms, length of plateaux calculated from the schecmnata
norms, and performance curvcs based on group norms and on schemata norms.

Of special interest was the study of the complexity of the p@%%lems
represcnted by the schemata and the degrec of abstraction of the content.
The analysis of variance using group norms and iength of plateaux show
that thc main cffect schemata and the main effecct content are statisti-
cally significant, Thc interaction between schemata and content is also
significant.

When comparing the performance curves based on group norms with
the ones based on schemata norms, it is clear that the latter gives more
uscful information about the¢ process followed by the subject when he is
solving a problem.

The szcond aim of this rescarch was to study the individual ditff-
erences in the process of solving a problcem between subjects with train-
ing and subjects without training. For this purpose, the performances of
38 experimcntal subjects were compared with thce performances of 38 con-
trol subjects individually matched before the experiment. Thesc¢ compari-
sons werc made on thce basis of 12 problecms, 3 pre-testing and 9 post-testing.

The methods used to measure their performance were: schemata norms,
length of plateaux, individual performance curves based on schemata norms,
and convex sets bascd on schemata norms. The experimental subjccts show
a "better" performance than the control subjects. When the experimental
subjects had any platcaux at all, they werc shorter than the platcaux of
the control subjects.

The individual performance curves show that the process followced
by the cxperimental subjects in order to solve a problcm is "better' than
the one followed by the control subjects. This means that the experiwental
subjects always approach the problems in a more "logical" way. The great-
est differences were found in the problems similar to those uszd in the
training scsSsions,

Poge 7/
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The third aim of this rescarch was to study whether the educa-
tional level had an influcnce on thc process followed by a subject in ovder
to solve thic type of problems. The study of the length of the platcaux
shows clearly that the process followed by the college students is always
"better” than the orne followed by the high school students.

The results of the present research confirim the one obtained on
the previous one (Rimoldi, Fogliatto, Halcy, Reyes, Erdmann, Zacharias,
1962) . The control and experimental subjects were compared on the number
of questions they used in order to solve the problems and compared on the
agreement conecerning the questions they should ask. The results of the
comparison between college and Ligh school students is also confirmed.

The methods used in the present rescarch are more sensitive than
the methods used on the previous research. The schemata norms give more
clear information on the process followed by a subject in order to solve a
problem than the group norms. More sensitive cven than the study of the
accumulat .ve score according to schemata norms is the study of length of
plateaux.

Plateaux are found in that stage of a subject's performancc when
he asks either irrelevant questions or rclevant questions out of their
proper ordcr., Thus, the length of a plateau is measured by the number
of irrclevant or out-of-order questions selected in sequence. This mcasure
may be interpreted in several ways. One would simply be an indication of
the subject's lack of progress toward a solution, It might also be a
period in which the subject is reformulating the problem., Likewise, it
could merely represent a type of non-good-directed behavior during which
the subjact is "groping" for a possible clue., Regardless of the inter-
pretation, the length of plateaux has shown itself to be an cffective
measure in the characterization of process.

The study of the convex sets using schemata norms also give clear

information on the process followed by a subject in solving a problem, and
also permits one to compare two groups of subjccts.

O
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