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Intyroduction

The problem of the relationship between problem solving abil-
ity and intelligence, though not extensively mentioned in the
literature, is an impertant and vital topic for ;ﬁsychology. The
present thesis representa an initial attempt to understand more about
this relationship. The present study is similar in some parte to
others that have appeared in the literature in the past. The major
exception to this similarity is the use of a new technique for study-
ing the processes involved in problem solving that have been developed
by H. J. A, Rimoldi and associates at the Loyola Psychometric Labor-
atory, Loyola University, Chicago, Illinois,

As one reads this thesis he will probably be disappointed to
find that it asks more questions than it answers. This is not neces-
sarily a sign of failure for it does point the way to a2 number of
fruitful ideas for possible future research. This ability to provoke
questions seems to be a constant companion of the method used to study
the processes since not only has it led to significant findings brt it
has also opened new avemues of approach with each new application., The
bibliography at the end of this thesis is actually a very exciting
nistory of a seientific tool and it's evolution from a germ of an idec
to a valusble tool for research on mental testing. Even the method of
scoring the problems in terms of process that has developed along with
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this technique, has been improved from publication to publication. In
the first few studies, where the diagnostic processes used in nmedicine
were the subject of the research, a method based on group performance

and the popularity of the individual questions waes used. Later on, when
methods were developed which allowed the experimenter to control the con—
tent and the structure of the problems, scoring was based on an apriori
analysis of the logicel relationships that the experimenter had built
into the problem. This latter method had the advantage of being based on
the logical structure of the problems rather than on the responses of the
group teking the test. It also allowed the experimenter to be aware of
the inherent difficulty of the problems and the most logical approach that
could be used in solving them even before the research was begun,

CUther methods of scoring and other types of problems than those
that will be seen in this thesis have been developed end applied in dif-
ferent ways. It should not be assumed that because they do not appear
here that they are in any way inferior or not applicable to this probleu.
They do not appear because there has been a conscious eifort on the part
of the present author to limit this paper in order that it be kept to a
reasonable length,

The important attribute of this method of analyzing problenm
solving which we have nentioned is that while it does give the person
testing, the information available from other more cormmon forms of tests,
8efe, Tight and wrong enswer or sclution, it also gives additional

infornuation. This additional information concerns the process or the




tactic used by the subject in reaching hls end-product or solution. In
generel those processes that are in agreement with the logical structure
of the problem lead to correct solutions while those processes which
depart from the logical structure lead to incorrect solutions. This
however is not the full story. These tactics indicate the ability of the
subject to plan his attack, and his ability to change when one line of
attack appears inappropriate. It allows us to have some insight into the
versatility of the subjects.

1t should not be inferred from the languege used in this study
that the processes per se, of the subjects, are the direct object of the
study. What is being studied is a manifestation of the thought processes
involved in solving the problem as represented in the overt process of
selecting quesiions which give informaticn germaine to the problem.
While this is not a study of the thought process itself it is much closer
than methods which infer the characteristics of the response using merely
the solution of the problem, It 1s also a gain in objectivity over
methods such as introspection and "thinking aloud", since the interpreta-
tion of these latter methods is necessarily subjective and qualitative
while the interpretation of the present method iz to a great extent
objective and its scoring techniques are quantitative.




Review of Related Literature

The classical monograph by Duncker (7) represents one of the first
important atiempts to study the processes involved in solving problems.
He had his subjects think out leud while they were solving problems, and
thus he could check the quality of their tactics. Bloom and Broder (1)
uging this thinking out loud technique, correlated the quality of their
subjects' tactics in solving problems with tests of aptitude and achieve-
ment, It can be seen that the study by Bloom and Broder will be similar
in seme respects to the study presented in this thesis. The primary point
of difference is that the technique for studying the tactics the subjects
used is the one that has been briefly discussed in the Introduction.

The technique used by Bryan (3) and by Glaser, Damrin and Gardner
(8) is very similar to the present one but it's application was primarily
to the analysis of troubleshooting ability in electronies. It should also
be said that this technique was developed as much as a training 2id, as it
was for a test., The authors sugpest that any type of diagnostic sit-
vation could be covered by the technique which they call ths "tab-item"
technique. The method developed by Rimoldi and associates at Leyola
University, Chicago, Illinois, has found application in many different
areas outside of diagnostics where it was originally developed. Some of
these applications will be mentioned below. Another major difference be-

tween the "tab-item! technique and the method developed by Rimoldi and

b
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associates is that in the former the answer is made by way of echoosing the
correct amémar from a number of possible answers. In other words, after
the subject had received the answer to a few of the items, he could guess
which component was faulty, and 1ift the tad over this camponent and re-
ceive his answer., In the Rimoldi technique the anawer must be constructed
by the subject from the information obtained.in the form of answers to the
questions that the subject asks. In other words there is little chamce
for the subject to guess.

The present technique was first developed as a measurement and re-
search device in connection with the skills involved in the medical clinical
diagnostic process. The development and applications of the technique in
this form are reported in a mumber of articles (5, 6, 10, 1L, 15, 19, 22,
2L, 25, 26). It has also been used to study personality appraisal in terms
of process by Cunn (9). Rimoldi presented papers in which he made the in-
itial applications to the atudy of processes involved in complex reasoning
and problem solving (11, 12, 13, 18, 20, 23). Rimoldl and Majewska (21)
presented a2 research proposal for the study of decision processes invelved
in mathematical thinking, Rimoldi and Devane (16) and Rimoldi, Fogliatto,
Haley , Reyes, Frdmann, and Zacheria have presented research related to the
training of problem solving ability, using this technique, Tabor has pre-
sented research on the processes invelved in the interpretation of the
Rorschach using this technique (29).




Procedure

A, Purpose

The immediate purpose of this thesis 1s to characterize the pro-
blem solving processes of a group of individnals who have high seholastie
aptitudes, and a group of individuals who have low scholastic aphtitudes,
as measured by the Differentizl Aptitude Test. Irom these analyses the
charasterization of mental processes in relation to aptitude should be
highlighted, This represents an advance over other techniques which have
been used in the past, which have besn anchored in the end-golulion, and
were unable to characterize the processes involved in reaching it, The
two sub-scales, abstract and verbal, of the Differential ‘ptitude Test,
will be analyzod to see if the gdifference between the two groups, in
terms of them, is also significant, Other tests which fall into this
general catagory of aptitude tests will be noticed also for a further
characterization of the high and the low groups. These latter tests were
administered as pre-tests to these subjects &3 part of a larger projsect,
B. Population: Description of Sample

Two Chicago-area Cathelic high schools were chosen as the slte
for the work which provided the material for this thesis, One of these
schools was on the north side of the eity while the other was on the
south side, The entire junior class of each scheol was tested on the
pre-test devices, and the data from the Illinois Statewlde Testing Pro-
gram were made available by the schools. The differential aptitude test
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was included in the I1linois Statewide High School Testing program
battery., From a total population of 532, for which this battery of
tests was available, the upper ten per cent and the lower ten per cent
were selected in terms of their raw scores on the Differentisl Aptitude
Test. The Illinois Statewide High School Testing Progran battery was
administered to all the students at each school alb the same time as a
group by the schools themselves, so the conditions under which the test
was taken were roughly the sane for all students.

This selection yielded ninety-two subjects; 45 in the upper group,
and 47 in the lower group. Since the experiment lasted for more than a
year, and there were & musber of students who dropped out of school in
this time, coupled with the fact that absences could not be controlled,
the mmber of students teking any particular problen may very considerably.
The mean seore for the upper group on the Differentiesl Aptitude Test was
85,47 vhile the corresponding scare for the lower group was 39.59. The
standard deviation on this test for the entire class was 13.08, and the
nean seore for the entire class was 63.26. The upper group was 22,0C
points above the class mean while the lower group was 23.67 below the
entire class mean.

The Differential Aptitude Test has two sub-scales; verbal and
abstract reasoning. It can be seen from the following that the char-
acterizotion by the total test is in agreement with the characterization

by the sub-scales. The mean for the upper group on the verbal sub-scale
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was 40.71 while the mean for the lower group on this test was 15.45. The

mean for the total group for this sub-scale was 26,68, The abstract sub-scale
yielded a mean of 44.76 for the higher group, and a mean score of 2415 for the
lower group. The mean for this total group for the subescale was 36.58.

In the pre~testing session the Ravens Progressive lMatrices and the
Sequential Tests of Educational Progress (STEP), Mathematics, were adninistered
to the subjecta. The scares on these tests were in general agreement with the
scores on the Differential Aptitude Test. The mean for the lower group on the
Ravens test was 4%.12 while the mean for the upper group was 55.61. This Lay
seem to be a small difference in this case but the standard deviation of this
test was only 4.27 for the total group. The population mean for this test wes
51,50, The mean for the upper group on the STEF test was 38471 while the mean
for the lower group was 20,21, The mean for the total group on this test was
28436,

It can be seen from the sbove that the upper and the lower groups
are characterized as high and low, as groups, by any of the tests that were
administered. The data discussed in the foregoing paragraphs are summarized
in Table I below.

C Description of the Problems Used

When this type of research was first initiated at the Loyola
Pgychometric Laboratory it was in regé\r& to skills in medical diagnosis. After
five years of research on this type of problen the basic method was altered to
fit many other situations as described triefly in the review of related
literature that appesrs at the beginning of this thesis. In the beginning
problems were made up from real life exemples end had no other formal proper-

ties than the fact that they were all problems of such s nature that they




Table I

Total Total Total Upper Upper Upper Lower Lower Lower &

N M s N M s N M S

DAT 465  63.26 13.08 45  85.47 3.3k 47  39.59 7.63 36.691
Verbal 465 26,68 8,06 45 4071 3,15 A7 15.45 A.JTh 18,173
Abstract 465 36,58 7.07 A5 L4.T6  2.48 A7 2415 8.90 24213

Ravens 502  51.50 4,27 45  55.61 2,51 43 48,12 A4.78  8.990

STEP 500 28,36 6.85 45 38.71 6.12 42 22,1 5.15 13.389
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could be solved by asking questions about the problems to galn information

that would enablc the subject to solve the problem; in this case to reach a
diagnosis.,

In the last year a methbd has been developed which permits the
experimenter to apriori build into his problems any type of relationship he
wishes and to vary the complexity and the abstractness of the problems at will.
This is done by developing what has been celled schema, and building the
problens on the logical relationships contained in them, An example of the
type of schemata that have been developed would be those that heve been called
"tree type schemata." In Figure 1, an exanple of this typé of schemata is
presented.

Figure 1
Exemple of a "Iree Type Schemata®

<,
N \c<§

The letters could represent anything the experimenter wished, and
could be presented in lenguage of different degrees of abstractness, An
example of a concrete problem btuilt on this schemata would be to let C
stand for a dance committee at a high school. The B could stand for the
boys on this cormittee, and the G eould stand for the girlas thet are on
this committee. The T could be used for those who were responsbile for
the selling of the tickets, and the R could be used for those that are

handling the sale of the refresiments. We could then vary the smount of
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information available to the subject and ask him to find out the mumber of
mdividualsy in one of the groups. The difficulty of the problem can be in-
creased both by increasing the number of the relationships used and by
which position in the schemata we ask the subject to identify. Another
method whereby the difficulty can be controlled is by the information we
make available to the subject in terms of the questions, both their content
and the way in which they are worded. An example of how we would present
this problem te a subject would be to ask him how many girls were selling
tickets. By excluding the possibility of asking some questions, especially
the direct question, it would be easy to describe the bert logical attack
that could be used to solve this problem & priori. Problems of the "A"
denotation in this thesis are concrete problems built in a mammer similar
to this., In the second degree of abstraction with this same schemata as a
basis we could let letters stand for the different positions, but still
present the subject with answers that were numbers, In this case we
would let the letters stand for themszelves in the example shown in Figure 1.
Problems of the "B" category in this theslis are problems built in a manner
similar to this., If we wanted to make the problems even more abstract we
could present the answers as numbers in the above example, but present the
questions in the form of negatives, For example we could phrase the
questions as to how many are not-g's and how many are not-t's, Problems

of the "C" category in this thesis are constructed in this manner. In the

final degree of abstraction that appears in this thesis we could present




the questions and the answers in terms of letters so that the solution
would be a letter or a series of letters. The ordinary rules of algebra
would apply to the manipulation of these letters. Problems of the “D“‘
category are constructed in this manner.

Tt can easily be seen that the number of the relationships and
their complexity can be varied depending on the type of schemata developed
in the initial stages of problem construction. It can also be seen that
the schemata can be developed to fit the other types of relationghips which
would be desired in this type of context, The problems for these schemata
could be developed in much the same way as the ones presented abave. This
method of constructing problems has been discussed by Rimoldi, et al,, else-
where (28) at length and the interested rzcader is directed to that source.

The presentation of the problem to the subject is done by print-
ing the problem and the questions on separate three by five index cards,
The problem itself is presented on the first card (s) and the questiaons are
presented each on a separate card on the cards following the first. The
answers appear on the back of the index eards aleng with a repetition of the
questions, so the subject, after asking the question, does not have to refer
back to the other side in order to remember the question. In order to ask
a question the subject merely turns the card over and places it to the side
so that he may refer back to the information contained at later stages in
the solution of the problem. Questions which are irrelevant to the problem
or are at best useless are presented along with the other guestions which
are germaine to the solution of the problem. It should be noted at this
point that once & subject chooses a particular mode of attack, all questions,
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even though they may contain useful information if the problem were
attacked in a different manner, can now be considered as useless to the
subject. That is to say that if a subject begins to find the number of
people in a certain point in the "tree-type® schemata he may either find
the number of objects in the total group and attempt to eliminate all others
or he may go about it by determining how many are in a subegroup and proceed
to add up those cases until he has the solution. It can be seen that once
he starts in either of these directions, to stop and go along another would
be wasteful.

The subject is presented the index cards in a deck with the preblem
appearing as the first card and the questions presented on the following
cards., The subject is instructed to read the problem carefully and then to
read all the questions. After reading all the questions he is to pick the
question that he wants answered first, and then tumrn over the card on which
it is printed and read the answer. He then repeats this cperation umtil he
feels he has enough information to offer the solution to the problem.

D. Scoring Methods

A number of scoring methods were used in this thesis. They are de-
soribed st greater length elsewhere (28), The basic rationale and pro-
cedures for each methoed will be given here but fer a fuller analysis the
reader is directed to the above source., The specific scoring methods used
in this thesis were: (a) number of questions asked, (b) correct answers to
problems, both for the group on each problem and for the average number of

correct solutions on all the problems for each group, (c¢) schemata nomms,
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(d) plateaux, or number of questions which had no value in the position they
were asked or were irrelevant to the solution of the problem, (e) convex
sets. A description of each method will be found below.
{a) Number of questions asked

Since the properties of each problem are known it can be calecula-
ted in advance how many questions are needed to solve the problem. Once this
is known anyone exceeding this number has either asked lrrelevant questions
or has not realized that he has enough information to offer a solutlon to the
problem, This should then provide a sensitive index as to whether the sub-
jects have proceeded at an efficient rate or not. It would follow from this
that the poor problem solvers, being less efficient and perhaps not proceed-
ing in the best logical manner as dictated by the properties of the problem,
would reqnirs more questions to solve the problem than would the good pro-
blem solvers. The mean number of questions for each group on any given
problem should then be an index of which group is more efficient at problem
solving.

(b) Correct Selutions

This is the customary method of scoring items in a test and if
problem solving ability using the present technique is scored in this manner
we have the similay information to that which is yielded by more conventional
tests. Indeed the items on most intelligence tests are similar to these pro-
blems in many cases except that they are of shorter length, contain all the
information in the presentation of the problem, and are quite often of the
multiple-~choice variety. We would expect that people who were low in intel-
l4gence, in this case in scholastic aptitude, would not get as many problems
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correct as those who were high in intelligence, if problem solving and
intelligence are as highly related as we have claimed, We would also ex-
pect that any particular problem in the battery would be solved correctly
more often by the group high in intelligence than by the group which is low
in intelligence.
(e) Schemata Norms

The foregoing methods of scoring the problems are useful but
they do not take into consideration the order in which the quesilons are
asked by the subject. In earlier applications of this technique the total
mumber of times a question was asked Ly a group, i.e., its popularity, was
used as an indicater of the value of thai question for the solution of the
problem, The value assigned to this popularity was called the question's
utility index, This method was especially useful in testing medical diag-
nostic skill where questions cannot be judged on any qualitative basis for
their ability to contribute to the solution of the problem in many cases.
In this case the solution to the problem would be a diagnosis. This was the
primary method mntil the development of schemata to build problems upon was
used. The development of problems based on schemata where the logical reo-
lationships were known by the experimenter and indeed were under his centrol
allowed norms to be developed which were based on the problems themselves.
It can easily be seen that a scoring method based on the inherent difficulty
of the problem and its logical relationships is far superior to any that
depend on the performance of the group which will vary in quality depending
on the group under consideration. This allows for cross group comparisons
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to be made against some norm which is not dependent on the groups under

congideration,
In a problem of the "ree type", described earlier in this thesis,

the knowledge of the relationships allows us to determine the correct order
in which the questions should be asked and what questions are necessary and
sufficient for the solution of the problem. As an example of thias the ree

lationships inherent in a sample schemata are presented in Figure 2.

Figure 2
Example of Relationships
In 8 "Tyree Type'"Sehemata

23
s
A.B G

# A indicates first order, B second, and C third.

In the example presented in Figure 2, question one should be asked
firat in all the tactiecs. Question one may be followed by any of the other
questions but the choice of the second question determines what the third
must be, If question two 13 asked in the second position then question four
must follow; if question four, then question two; 17 question three then
question five, and if question five then question three. The four possible
tactics that can be used in this example are presented in sumary form in
Table II below.

There are a mumber of ways these questions could be assigned weights
and only the method of scoring employed in this thesis is explained here,
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Anyone interested in further weighting techniques should consulti Rimoldi, et

ale, (28). Rather than to assign an equal weight to all of the possible
responses it was decided to weight each response inasmch as it was a pro-
portion of the total mmber of possible responses in all the tactics. In the
cose listed there are twelve possible responses considering both the question
and the order in which it may be asked. To make the example more meaningful
in terms of the types of problems actually used in this thssgis, assune that
there are ten questions in the exsmple problem and that the remaining
questions, e.g., questions six through ten, are all questions vhich ave irrele-
vant to the sclution of the problem. The next step is te arbltrarily impose
the value of one for the total runmber of entries in the table. Hext add up
the total mumber of times any given response appears in a glven order and
divide this by the total mumber of possible tactics. In the example above,
question one appeared in the first position four times and divided by the
total possible mmber of tacties, four, e value of 1,00 is obtained. Dividing
this result by the total mmber of questions in the problem, a welght of 10
is obtained for the first question in this position. Since the other questicns
will have a weight of +50 in any column, yet, since they can appesr in elther

order, they end up with a weight of 025,

Table II*
Possible Tacties in the Example Schenata Problem

Jactics Questions
kY 2 3 & 5
a 1 2 3
b 1 3 3
] 1 2 3
4 L 3 L.

# (The entries represent order of choice)
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If a subject asked four questions on our sample problem; oine, throe,
five, and eight, in that order, he would be scored as follows: he would
receive a value of 1001.025%025+,000%0or & total of »150, It can be seen
that this can be scored as a cumulative value and thet en individual per-
formance curve which 1s representative of the agreement with, or the depart~
ure from the schasate norms for the problem under consideration, can be
drawn. This type of analysis has been made in other pubtlications but has not;
been attempted here (16, 28). It ean alsc be seen that the curve obtained
from this type of cwmlation is an observed value score. If each observed
score is correcied by the amount, it is expected by chance alone, the
resulting curve is called the Ubserved mimus the Expected. The theoreiical
values for a question being asked in any given position as a functlon of
the total muber of questions possible is given in a paper by Rimoldi and
Georgas {17)., The amount of separation that occurs between the two lines
is also an indicetion of the quality of the process that the subject has
used in atteupting to solve the problenm.

(d) Plateaux

It can be seen from the foregoing section that some of the quesiions
agked by the subject may have a zero value for this type of scoring sysiem
where irrelevent questions are used and the position in which the question
is asked are taken into consideration. Since the mmmber of these zeroc re-
sponses 1ls an indication of the quality of the process itself, an analysis

in terms of them might prove useful. In this thesis the zero respouses
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are referred to as plateaux. The mean number of zero questions asked by

each subject for each group on each problem is an indication of the number
of valﬁeless or irrelevant questions that each subject in a given group
aske? on my problem, This is referred to as the mean length of plateaux
in this thesis. The vroportion of the total number of responses that are
valueless on any given problem for each group can also be calculated.

This will be an indication of the amount of the subjects' total responses
in the group that are contributory to the problem and those that are not.
This seare 1s also given in the section on results for each group and for
éach problem.

It should be emaphasized that zero responses can be obtained by
either asking questicrs which are irrelevant to the problem or by asking
questions in a sequence which does not agree with the schemata norms, This
could occur in two ways, either the subject could merely ask a question
that has value in another position or another sequence or he could begin a
sequence only after asking irrelevant questions. In this second case the
questions although in the proper order would not be in the proper position
since they would have been forced back a number of pogsitions equal to the
rumber of irrelevant questions that were chosen.

(e) Convex Sets
If the two poinis, the observed (0) and the observed minus the ex-
pected (O-E) are plotted for the final cumulative value for a subject, we
f£ind that we can plot these points on a graph such that the quality of his
process is indicated by his position on the graph. This can be done for
all the subjects in each group and by having points represent one group
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snd crosses represent the other group, we can make camparisons of the two
;roups in regard to where their members appear on the graph. This graph is
constructed so that the values on the obeissa represent the O values while
the values on the ordinate represcut the O~E values, Those subjects in the
upper right-hend corner will be those whose process is in closest agreement
with the schemata norms while those in the left lower corner will be those
subjects whose performance departs the most from the schemata norms. Any
point in between these extremes will indicate more or less agreement with
the schemata norms according to its position. The maximmm and the minimm
scores for each group cen be comnected with a line vhich will show the
boundaries for the two groups. The smount of common space shared between
the two resultant figures so constructed indicates the types of processes
vhich vere common to the two groups while the space not shared indicates
those processes which were unique to one group.




RESULIS
A, Nusber of Problems Correctly Selved, |

The upper group had thirty-eight subjects who completed all the
problems. The lower group had twenty-elght who completed all +he problenms.
The difference between the number of completions for the ¢wo groups was due
mainly to obsences on the day of testing., The thirty-elsht sublects in the
upper group solved a total of 288 problems of those administered while the
lower group solved 136, The total number of possible solutions for the
upper group was 342 while the corresponding number for the lower group was
252, The mean mumber of problems solved correctly per subject in the upper
group was 7.579. The corresponding figure for the lower group was L.E57.
These means were found to be significantly different at greater than the
01 level .

The number of subjects who solved eac’: problem correctly was also
analygzed and a chi square test was performed on the correct and the in-
correct solutions for each group for cach problem. The resull of the ehi
square analysis is shown in Table ITI. It can be seen that for all the pro-
blems where there was a proportion large enough that a chi-sguare could be
run, the differsnce between the two groups is significant at either the 01
level or the 001 level in each case. The differences between the unw.ver
of eorrect and incorrect solutions for problems Nos. lAB, 394, L34, and
Li3B were not significant according to Fisher's Exact Probability.

2a




22

It can be seen from the forepoing that scme of the tests were able to dif-
ferentiate between the two groups while others could not., It is suggested
that if an item analysis were made on the items of the Differential Apti-

tude Test the results would alse indicate that there were items which were

answered correctly by a large number of both groups.

Table III
Chi-Square Analysis of Correct and Incorrect
Solutions#
3BA 358 35¢C 35D 394
9.388% 17,630 18,004 2790w 138w

398 Laa L34 138
8,228 11,163 1OTietme 123w
# Chi-square values corrected for amall sample.
#¢ Si-nificant at greater than the ,01 level
#n3ignificant at greater than the ,001 level
ot significant-Fisher's Exaet Probability
It can be seen from Table IV that very few of the subjects were un-
able to solve the problems that are not significent in Table III, This would
lead one to hypothesise that these problems were too easy for this group of
subjects and therefore did not diseriminate between the two groups., The
number of correct solutions for each group and number of incorreoct solutions
for each group is presented in Table IV. It can be geen from this Table
that even the mumber of completions for each group on any given problem is
quite different.
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It would seem fram the foregoing that any analysls of right and
wrong answers is in agreement with the Differentiel Aptitude Test, _a‘t least
at the group level., That is to say that the high group is characterigzed by
high scores on both tests and that the low group is characterized by low
scores on both tests. In both cases the upper group is superior to the
lower group and in both cases this difference is highly significant.
Teble IV
Mumber of Correct and Incorrect Solutions
354 358 356 35D 394
Bt 4 - 4 - +4 -~ 4+ -
Upper 39 2 24 18 3210 31 10 40 2
Lower 2611 L 35 825 3 30 29 5
398 41A 430 43B
+ - 4 - 4+ - & -~
Upper 35 6 33 9 42 0 41 1
Lower 18 17 13 22 3% 3 30 4

w# = correct, -=inccrrect
B Humber of Questlons

The analysia of the data by this method was dissppointing in light of
the last analysis if it is difference between the two groups that ve are
looking for. There seems to be no systematic difference between the two
groups by this type of analysis. Table V indiecates the mean mnber of
questions asked by the upper group and the lower group for each problem.

It can be seen that the differences in these means are slight and that seven
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are in favor of the upper group while three are in favor of the lower group.
The only problem which showed a significant difference was 3B, The present
data would seem to indicate that for separating high and low scholastic
aptitudes such as are measured by the Differential Aptitude Test, some
scoring method other than the one discussed in this section would perhaps
rield results more in line with what would be desired. This method has
shown 4n the past to be an indicator of the efficiency of the subject's
approach but to have very little relationship to the quality of his tactic
or to the rightness or wrongness of his solution.
Table V
Mean Number of Questions for
Both Groups on Each Problem
%A 35B 35 3D l1A  L3A  L3Be 394 398
Upper S.il 5.81 5.5 5.22 5.33 5.8 5,19 5.0 5.38
Lower 5.67 5.18 5.67 5.54 5.00 5,54 6.7h 5.91 5.83
# The difference on this problem wag significant at the 001 level., All
others were not sifnificant,

C PFlateaux: Analysis of Velueless Questions

If a valueless question is asked the scoring system described sarlier
in this thesls in the section on schemata norms gives no score to that re-
sponse., A valueless questiomn can occur in two ways. In the first case
irrelevant questions are placed in the problem and if these are chosen by
the subject no score is given since they in no way contribute to the solu-
tion of the problem and indeed indicate a lack of understanding on the part
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of the subject a&s to the exact nature of the problam, The other way that

a question can receive a score of zero is to be asked out of the sequence
of the schemata. These responses of either type are called sm. responses
in this theais since they are seared as zero with the method of scoring
used here., A number of these responses occurring in the same problem con-
stitutes what has been called a plateaux (28). A plateaux may cary in
length from one question to the total number of questions that a subject
asks. A plateaux can be zaid to indicate the number of questions that

were used which were of no value in solving the problem or were not pro-
perly in the sequence demanded by the logical structure of the preblem,

The length of a plateau is the same as the number of questions asked that
were of no value. Table VI shows the mean length of plateaux for the upper
and the lower groups on problems 354, 35B, 35C, 35D, and L1A, The other
four problems mentioned elsewhere in this thesis were not analyzed in terms
of schemata norms because these norms had not been developed when this
thesis was written., The outline stated that one problem of each type would

Table VI
Meen Length of Plateaux for the
Upper and the Lower Croups

354 3¥B  3BC  3BD L1A

Upper 1.6 240 140 1.80 1,98
Lower 3.05 203 2.80 L,10 2,74
t Values 2.16 L001 2,71 k98 5.2

Sigo .01 007 0005 00005 ‘OOOS
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It can be seen from Teble VI that the difference is significant in
favor of the upper group on every problem but problem 358, This difference
seens to increase both as a function of the difficulty of the pmblm and
of how late in the study it was presented to the students, since the order
in the Table is the same order in which the subjects received these parti-
cular problems.

Since the mumber of zerc responses is not only a function of the
type of question asked and the order in which it is asked, but also of the
total mmber of questions asked, the present author feels that a more sengi-
tive measure would be the proportion of the total mmber of responses for
each group that were scored as zero responses. These data are swmarized
in Teble Vil. The difference between the two groups is nade even greater
by this type of snalysis. This may be asccounted for by the fact that
some students in the luwer group asked only two or three questions and then
gave up and attempted Lo guess at the answer to the problem without the
necessary information. This occurred more often the more difficudt the
problem was on which they were werking. This as quite oftten the reason
vhy the lower group's meen mmber of questions was as low as 1t was on
nany of the difficult problems. It seems thet the lower group was not
motivated to seek out the proper solution of ﬁha problen after having

received only partial Information.




Table VII
Proportion of Total Responses That Were dcored As Zero #

Upper 5+ | Ja .25 o3h .36
Lower Sk bl 53 73 57
Chi Square Value  2L.h6 1.97 .91 62.78 12,18
Significance 001 .2 001 .001 001

#Chi-square was derived from the rumber of sero respenses and the number
of va!né respongses in a four fold contingency table.
D Convex Sets

The data in this section actually pepresent a special application
of the schematsa norms that were discussed esylisw., If a graph is drawn
oh which the observed (0) values are represented on the abelasa and the
obgerved minus the expected (0O-E) values are drawn on the ordinate, a
figure is generated which has been called a convex set in earlier publi-
cations (e.g. 28). Each subject is represented by a single point on the
graph. Those scores in the upper right hand area of the figure represent
those subjects whose approach was in closest agreement with the schemata
norms. Those points which represent the furthest departure from the
schemata nomms will be found in the lower left hand area of the graph,
It ig imossible because of the inherent proporties of the scoring method
that any points appear in the upper left hand corner since this would
mike the corrected value higher than the uncorrected value., Peints which
are Lo the right of the graph but which are lower than the extreme re-
present subjects who asked questions in the proper ordsr but then contin-
ued to ask questions which were, of course, then beyond the limits of the
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of the schemata norms and were thus scored as zero, It seems logieal that

a subject who has enough insight into the structure of the problem to ask
the questions in the proper order would also have sufficient insight to
know when he had enough information to solve the problem, Since there are
tactics of this type at all it seems that research on the personalities in-
volved would be interesting and rewarding., Perhaps this type of perform-
ance is related to some trait such as compulsivity. Any point between the
upper right and the lower left can be said to be in agreement with or a
departure from the schemata nomms inasmuch as it is close to elther extreme,
In Figures 3 through 6, the upper group is represented by dots while the
low er group is represented by crosses. The extremes for both groups are
connected in each of the graphs. The solid line indicates the extremes

for the upper group while the broken line indicates the extremes for the
lower group. The space enclosed by these lines indicates the types of
tacties that were shared by the two groups where the area is common to both
groups. The area which is not shared on the graphs is an indication of the
processes that were unique for one group and did not appear in the other
group. The graphs for problem 35B ard 35D show the greatest amount of dife
ference between the two groups. The tactics represented by the area that
ia common to the two graphs which indicates tacties common to the two groups
is of extreme interest, On 2ll of the other tests and methods of scoring
represented in this thesis there is evidence to support the fact that these
are two extremely different groups. Yet in this mode of interpretation
there is a considerable amount of overlap between the two groups. It would
be interesting to see if the correlation with grades were higher for the
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number indicated on ‘this graph by a point or for the seore on the Dif-
ferential Aptitude Test.

| Since this method of representing the greup's performancs seems to

indicate that there is much overlap between the two groups, it would seem
that a study which would isolate the value of this method of scoring as a
predictor of scholastic performance would perhaps yield vazluable results.
Not only have we represented the quality of the subject's performance on
these graphs but we have indicated his departure frem chemce, It would
seem t hat additional research is warranted on this tople, There is some
indication from earlier research on trainins ir problem solvin- (28) that
this ability to solve problems with a process that iz in agreement with the
schemata norms, or more clearly, in line with the logieal structure of the
problem is related to grades in certain subjects., Perhars further research
would clarify this relationship and indlcate the possibility of using this
method of studying problem solving as a test for prediction or selection

of students for honors or accelerated classes where creativity and the
ability to think rather than to do rote memorization and reproduce is the

imporiant criterion.




SUMMARY

From a group of 532 Chicago area high school juniors & group that
scored high on the Differentisl Aptitnde Test and a proup that scored low
on the same test were selected. These groups were given nine problems of
the type developed by Rimoldi and assoclates at the Loyola Psychametric
Laboratory. A mmber of scoring methods were applied to the problems to
determine the differences thet existed between the twe groups in rolation
to this type of test. The interesting thing about analyzing problem solving
in this manner is not only does it allow the conventional analysis of the
right and wrong ensvers but ellows the experimenter to study the processes
or tactics used by the subject to reach that end-product,

The upper group got more of the problems right than did tho lower
group. The score for the mmber of problems right for each subject vas
higher for the upper group then the corresponding score for the lower Zroup.
The differences between the mean velues for these scores was found to be
significent in both cases. The mean rurmber or zerc, i.c., vorthlesz, items
asked by the upper group and the proporiion of the total mumber of questions
asked that were zero, was less for the upper group than for the lower group
on each of the problems analyzed in this way. The mean mumber of questions
asked for each proble: was less for the upper group than for the lower grouy
on seven of the nine problems, while the relationship was reversed on the
other two problems,

It was shown that by plotting a point on a greph that was representa-
tive of the quality of the process an individual had used to solve the
problem, interesting differences between the two groups could be

34
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observed. It was shtated that this type of anelysis suggested that further
research along these lines would prove rewarding., It was also suggested
that a study be made attempting to find the relationship betwoen this type
of test and grades in school, with the hope that this type of test could
prove useful as a selection device and for the discovery of creativity and
talent.

It can be seen from the foregoing analysis that there are preat
differcnces in the ability to arrive at the correct solution of a camplex
problen between a group that is high on the Differemtlal Aptitude Test and
a group that is low on the same test. Thls difference becomes very slight,
hovever, when the processes utilized to amrive at this solution are
analyzed. These processes are called tactics in this thesis. Fram the
matoriel in this thesls 1t con be seen that the information obbained from
the problem solving epproach developed by Rimoldi and assoclates not only
gives us the informetion available Irom conventional testing methods but
gives us additional indormation about the tactics the tostee used to

arrive at his enswer.
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Problem 35 A
Instructions and Corresponding Questions and Answers

A college choral group is composed of freshmen, soph-
omores and juniors. The chorus has three volces or parts which are
high, medium, and low. The questions and answers below give vital in-
formation concernins the group. From these facts you are to find the
mumber of juniors singing the middle or medium part.

Questions ' Answers

1., How many Juniors are in this college? 1. 1567
2, How many Freshmen are in the chorus? 2. 23
3. How many Sophomores are in the middle voice? 3. 10
L. How many chorus members are there? L. 76
C. How many girls are in the chorus? Se

6, How many sophomores are in the chorus? 6, 28
7. How many jundors sing the high voice? T« 7

8. How many freshmen are in this college? 8. 1848
9. How many freslmen sing the high voice? 9. 8
10. How many low voice members are there? 10. 28
11. How many sophomores sing the high part? 1., 9
12, How many planos does the chorus have? 12, 3
13. How many freshmen sing the low voice? 13, 9
1l. How many chorus members sing the high voice? 1. 24
15. How many Jjuniors are in the low voice section? 15, 10
16, How many freshmen sing the middle voice? 6. 6
17. How many sophomores sing the low part? 17. 9

Solution: 8 juniors




Problem 35 B
Instructions and Corresponding Questions and Answers

T objects are composed of M. N. and P types. Each of these latter
three types may or may not also be Q's, R's and S's. From the questions
and answers you can discover the various relationships of these objects.
Make use of this available information to determine how many T objJects
are N's and also S's,

Questions Ansvwers
1. How many S's are A's? 1., 350
2. How many Q's are there among the T's? 2. 19
3. How many G's are there among the T's? 3. U3
i, How many R's are also N's? kL.
g, Hhat is the total mumber of T objects? 5. 63
6. How many P's are there among the T's? 6. 23
7. How many R's are there among the T's? 7. 2h
8., How many Q's are alse M's? 8. 5
9., How many R's are also M's? 9. 10
10, How many S's are also M'g? l0. 2
11. How many Q's are A's? n. Loo
12, How many R's are also P's? 12, 6
13, How many Q's are also N's? 13. 3
1}, How many S's are alsoc P's? i, L
15, How many M's are among the T's? 15. 17
16, How many Q's are also P's? 6.
17. How many H's among the A'g? 7. 2

Solution:t 1l T objects are N's and also S's
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Problem 35 C
Instructions and Corresponding Questions and Answers

A class of objects is distinguished by calling some B's and
some other not-B's depending on the possession or non-possessicn of
a certain property. The not«B!'s are further distinguished inte not-X's,
not ¥'s, and not-Z's. Each of these latter may also be a not-D,
not-E, or not-F. From the accompanying questions and answers you can
discover the relationships that exist between these obJects, Make use
of the information available to determine how many not-B objects are
not-Y's and alsc not-F's,

Questions Answers

1. How many not-D's an2 not-A's? 1. 150

2. How many not-F's ars also not-X's? 2. 7

3. How many not-E's are there asmong the not-B's? 3, 15

hi. Fow many not-G's are there among the not-B's? k. ’30

5. What is the total number of not-B's? 5. L5

6, How many not-E's are also not-Y's? 6. 6

7. How many not-D's are there among the not-B's? 7. 6

8., How many not-F's are not Als? 8. 100

9. How many not-E's are also not-Z's? 9. 5
10. How many not-D's are also not-Y's? 10, 2
11, How many not-F's are also not Z's? 11, 9
12, How many not-X's are there among the not-B's? 12, 12
13, How many not.D's are also not-Z's? 13, 3
1);. How many not-H's are there among the not-A's? 14, 2 log cos 0
15, How many not-E's are also not-X's? 15, 4
16, How many not-Z's are there among the not-B's? 16, 17
17. How many not-D's are also not-X's? 17. 1

Solution: 8 not~B objects are not-Y's and also not-F's.




Problem 35 D

Instructions ad Corresponding Questions and Answers

A group of L objects taken from a larger group of M objects is
If an objJect is an A, it
can not be a B or C. If an object is a B, it can not be an A and/or C.
If an object is & C, it can not be a B and/or A, That is, A, B, and ¢
are mutually exclusive. The same L objects also have properties D, E,

composed of objects of the kind A, B, and C,

and F which are mutually exclusive.

From the questions below you are to find how many of the Bis

are also F's. ‘
Cuestions

1. How many F's are in J?
2. How many L's are D's?
3. What is the number of Lig?

Lk, How many E's are B's?
5., How many L's are K's?
6., How many D's are in M?
7. How many L's are Ets?
8, How many F's are A's?
9. How many E's are A's?
10, How many D's are A's?
11, How many L's are C's?
12. How many F's are C's?
13, How many L's are A's?
1. How many D's are C's?
15. How many U's are M's?
16, How many D's are B's?
17. How many E's are C's?

17.

Angwers
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Solution: T of the B's are also F's




Problem 39 A

Instructions and Corresponding Questions and Answers

A man wished to buy an automobile.

After investigating all of the

makes available, he found three types of autemobile, A, B, and C, that were

suited to his needs,
one that would cost the le
or C?

Questions

What was the total cost of car A?
What was the total cost of car B?
What was the total cost of ear C?
What is the value of a pound in
United States currency?

What 15 the value of & pound in
French currency?

¥hat is the value of a pound in
Sparish currency?

Vhat 4is the value of a frane in
nited States currency?

What is the value of a frane in
English currency?

What is the value of a franc in
Spanish currency?

VWhat 4is the value of a dellar in
Fnplish currency?

What is the value of a dollar in
Frerch currency?

Yhat is the value of a dollar in
Sperisi currency?

What is the vdlue of a peso in
United States currency?

What is the value of a peso in
English currency?

What is the value of a peso in
French currency?

Selution:

Car B

12,
13,
1.
15.

In choosing among these three he decided to buy the
ast, Vhich type of automobile did he buy, A, B,

Ansvers
2000 pounds
8000 francs
259,000 pescs
$2.50
10 franes
250 pesos
¢ .25
«1 pound
25 pesos
4 pound
ly franes
100 pesos
¢ .01
.00k pound
.0l franc




Problen 39 B

L5

Instructions and Corresponding Questions and Answers

There are three objects, X,Y, and Z.
can be gtated in temms of a, b, ¢, or d.

Each object has a vdlue that
From the following questions

select those that you consider necessary to determine which of the three ob-
Jects has the smallest value.

Questions

What is the value
What is the value
What is the value
What ia the value
terms of Re"?
What is the value
terms of "ht?
What is the value
terms of "d"?
What is the value
terms of Be"?
What is the value
terms of "a"?
What is the value
terms of "du?
What is the value
termg of "an?
What is the value
terms of "b!?
What is the value
Terms of "d"?
What is the value
tems of "el?
What is the value
terms of "am?
What is the value
terms of "b"?Y

of X?
of ¥?
of 27
of "av gtated in
of %“a% gtated in
of m"a® ghtated in

of "b¥ gtated in

of "b" stated in

of "b" gtated in
of %c" gtated in
of "o" gtated in
of t¢* gbated in
of "d" atated in
of "d" glated in

of #d" gtated in

Solution: ¥

Angwers
1. 100a
2. LDOb
3. 12,5004
Lo 245¢
5. 10b
6. 250d
7..25¢
B..1a
9. 25d
10..kia
. b
12, 100d
13..01c
1k,,00ka
15,.0Lb




Problem L1 A
Instructions and Corresponding Questions and Answers

As a textile factory in a small town the telephone system connecting
the various factory offices is rather primitive. However, commmications
between offices is greatly aided by the network since the offices are con-
siderably separated.

Basically, the factory has a north wing comprising offices A, B, and
C, and & south wing in which are offices D, E, F, H, and G, At the time the
phones were installed only seven were available and consequently office G is
without one. Because of the way in which the phones have been wired certain
limitations have been placed on their use, The limitations are ther~:

1) There is not a single phone from which all the other offices
with phones may be ealled.
2) The fact that one office can call another does not necessarily
mean that the last office can call the first,
With this present confusion in the telephone network a worker in office
B would like to contact someone in office H. What is the most efficient way
in which this can be accomplished?

Questions Answers
1. Is there a line from any office in
the North wing to H? 1. Yo
2. Which office can issue outgoing calls to the
greatest mimber of other offices? 2. Office E
3. What offices can office C ecall? 3., Offices I&E
é, Can office A call office H? L. ¥o
« From which offices in the south wing can
office H receive calls? 5. N
6, What offices in the north wing can call
offices in the south wing? w
%. Gan every office in the north wing eall every
office in the south wing? 7. ¥o
8., Can office B call Office A? 8., Yes
9. What offices in the north wing can call office C? 9. Only Office B
10, Can office C call office B? 10. No
11, Vhat offices can office H call? 11, None
12. Can every office in the south wing call
every office in the north wing? 12. ¥o
13, What offices can office E call? 13, Offices A, B,
C,D, and F
%‘. Can office B call Office H? 1. No
« Can any office in the south wii~ eall any office in
the north wing? 15, Yes, only
Office E

Solution: BCD H




1,

2
3.
L.

Problem 43 A
Instructions and Corresponding Questions and Ansgwers

A man owns some race horses. "ne of his horses won a race yesterday.
Your problem is to determine which of iU s horses won the race.

Questions
How many race horses does the man own?

Does he ever run all of the horses on the
sane day?

Does he ever run three horses on the
game day?

Does he ever run two horses on the

same day?

Are there any days when he only runs

one horse?

Does Magic Realm ever race alone?

Does Prince Jet ever race alone?

Does Secessionist ever race alone?

Does Lethal ever run with Prince Jet?

How many of his horses ran yesterday?

Does Magic Realm ever run with Prince Jet?

Does Magic Realm ever run with
Secessionist?

13.Does Magic Realm ever yun with Lethal?

1.
15,
16,
17.
18.
19.

2.

Does Prince Jet ever run with Secessionlst
Does Prince Jet ever run with Lethal?
Does Secessionist ever run with Lethal?
Does Prince Jet ever run with Magic Realm?

Does Secessionist ever run with Magic Realm?18. No
Does Secessionist ever run with Prince Jet? 19. Yes, whemever Secession-

Doas Lethal ever run Secessionist?

Solution: Lethal

L7

Answers

1. He owns four horses,
Magic Realm, Prince Jet
Secessionist, and Lethal.

2. No
3. Ko

L. Sometimes

. Yes, on some days

6. No
70 Ho
8. No
2. No
10. One
11. Yes whenever Magic Realm
races, Prince Jet also raceq.

12. No
13, No
1k. Yes, sometimes
15. No.
léa HO
17. Yes, sometimes

ist runs, Prince Jet also
runsg
20 No




Problem L3 B

L8

Instructions and Corresponding Questions and Answers

A man selected one object from . number of objects, Before he could

Questions

How many objects are there?

Do all of the objects ever occur in the
same dieplay?

Do threc objects ever occur in the same
display?

Do two objects ever occur in the same
diaplay?

Is one obJect ever displayed alone?
Does A ever occur alonc?

Does B ever occur alone?

Does C ever nccur alone?

Does D ever ~ceur wikn BZ

How many objects were displayed?
Does A ever ooccur with B?

Does A cver occur with C?
Does A ever occur with D?
Does B ever occur with C?
Does B ever occur with D?
Does C ever occur with D7
Does B ever occur with A?
Does C ever occur with A?
Does C ever occur with B/

Does D ever occur with Cf

Solution: D

select that object it had tn be displayed before him,
displayeX with any other object or objects.
plays that never occurred.
selected,

1.
2e
3.
L.
g,
7.
8.
9.

10.
11,

12,
13.

17.
18'
19.

20.

Fach object conld be

Although there were some dis-
Your task is to discover which object the man

Answers

Four: A,B,C, and D
No

No.

Yes, sometimes
Yes, sometinmes
No

Yo

No

Ro

One

Yes, A always occurs
with B

No

No

Yes, sometimes
No

Yes, somctimes

Ne

Yes C always occurs
with B

No




Lo

Table I #

Values Corresponding to Fach Group According to the Scoring lMethod
Based on the Schemata for Problem No. 35 A

QJuestions
Order 2 3 h é 7 10 L 15 1%
1. 0588
2. 0147 0147 o147 oLy
3. 0LL7 O1L7 o1k7  o1L7
bie o147 o147 o1k7 017
Se 0147 o7 : 017 o1y

#+ All questions which do not appear in this Table receive a score of zero.

Table IT

Valess Correspnonding te Each Group According to the Scoring iMethod
Based on the Schemata for Problem No, 35 B

Questions
Order 2 g 6 7 10 13 14 15
1. 0588
2. 0147 o017 o7 oLy7
3. o1k7 017 Oo1h7 o147
k. o147 olyr oiyy o1y
Se o147 Olk7 0147 Oo1hT

# All questions which do not appear in this table receive a score of gero

Table III #

Values Corresponding to Each Uroup According te the Scoring Method
Based on the Schemata for Problem No. 35 C

Questions
Order 2 3 ] 6 7 10 1 12 15
1. 0588
2. 01h7 o1k7 o1hy o1y
3. 0147 o1k7 oyt o1hy
L. o147 OLi7 o147 0147
Se o7 o7 017 0147

# All questions which do not appear in this Table receive a score of zero.




Table IV *

50

Values Corresponding %o Each Group According to the Seoring Methed
Based on the Schemata for Problem No, 35 D

Questions
Order 2 3 L 7 8 11 12
1. 0588
2, oLLT 01L7 (o) My
3. ouy oLi7 o147
L. o1L7 o1L7 o147
S, o7 01kL7 o1L7

% - A11 equestions which do not appear in this Table receive

13 16
0147
o147

o147

0147

& score of zero.
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