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. Overview

A. Statement of the Problem
The goals of engineering education have been examined from time to time
and are currently the subjest of an extensive national study. In addition
to this review at a national level, many schools of engineering are conduct-
— ing studies about the characteristics of their students, reasons for the
substantial attrition among their students, and the extent to which the po-
tential talent of each student is realized.

While meaningful discuseion is being geuerated by the studies currently
underway there is an essential source of information which is continually
overlooked or measured only indirectly. This information could be obtained

» by a detailed examination of the differential impact of the learning pro-
i cess for each student; the focus of attention should be or the identifi-
cation of the variables which determine this impact. At present, the only
measure of differential learning we have is a final grade. There is a
wide variety of evidence that grades often hide more than they reveal.

The importance of obtaining this kind of information can be highlighted
by discussing the influence this information would have at different levels
of analysis. While the goals of an engineering education must be discussed
at a policy-making level, some of the questions raised in such a discussion
; can only be answered through empirical research. In addition, even when

geals are agreed upon, the implementation of some of thasé goals is depen-
dent upon working out effective methods. In these situations and in others

which will be described shortly, it is crucial to have detailed krowledge
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about what is actually happening to the student. An example may clarify
this point.

Two students each receiv: a B ix a design course. Student ¥ has mas-
tered the techniques of mechanical drawing but could not effectively handle
the more oper-ended term project. Student Y turned in a brilliant term pro-
ject but his mecharnical drawing skills were minimally developed because he
Put no effort into these activities. Regzrdless of which point on the
grading continuum we consider, it is evident that it was not an identical
academic performance or learning experience which ied the two students to
receive the same grade.

As this situation becomes confounded by suimming the grades of many
courses, we end up with a very crude measure of a student's actual accom-
plishments. Of course this system has worked and we are committed to it
for 2 variety of administrative reasons. This is not an attempt to replace
the system but rather to elaborate upon it to meet specific needs. The

need for this type of information can be examined in three separate areas:

1. The study of career choice. At present, the process of studying
who stays in engineering and who leaves must‘stop at the door of the class-
room. Yet the manner in which a student approaches the content of a course
will determine his attitude toward the course and in turn his attitude to-
ward engineering. The grades a student receives in s course are often the
most powerful influence in determining a career choice. Yet these grades
often offer from the student's perspective nothing more than some arbitrary
judgment. This brings us to the second specific research area.

el

2. Teaching Process. In almost any course there are a variety of ob-

jectives ranging from the mastery of specific content to the assimilation
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of subtle attitudes toward methodology and problem-solving strategy. As
these goals are made expiicit we can develop evaluation techniques which
reflect this diversity. 1In addition, eve;y student should receive a pro-
file of his differential achievement along with his final grade. Such pro-
files would encourage students to think about the range of their talents
and perhaps encourage them to develop areas where they have some weakness.
Striving after grades might be converted into striving for self development.
The development of such a conceptual tool would also encourage instruc-
tors to make their teaching more directed at the individual needs of stu-

dents.

3. Development of the full human potential of students. Beyond the

development of technically competent eggineers, most schools of engineer-
ing take some responsibility for encouraging students to be both socially
responsible and personally creative. How this can be cultivated in the
classroom again calls for a methodology which will permit us to detzail the

impact of the classroom on the individual student.

B. Objectives of the Study

The usual methods of evalusting a student's academic performance are
inadequate in several important areas. Perhaps the most important fajilure
is the lack of feedback provided for the student's analysis of his own per-
formanra, Ideaily, any evaluation of a student's performance should, in
addition, be a learning experiznce. Too oftem students receive a érade
with neither information about why he received that grade nox any clues as
to how he might improve his performance.

Problem-solving techniques are an integral part of nearly all engineer-

ing courses. Rather than leaving problem solving techniques to mature




haphazardly, all students could be encouragad to develop ci awareness of their
own characteristic modes of intellectual response. As a consequence f this
awareness, students can become involved in the challenge of developing their
intellects.

One objective, therefore, would be the development of a system of evalu-
ation which would permit detailed feedback to the student of various kinds
of information‘fbout his performance. This feedback would involve not only
a discussion about the student's performance in a particular course but an
additional appraisal in relation to his overall level of functioning. The
method of transmitting this data back to the student would have to be care-
fully studied. Some feedback would come from the instructor but a discus-
sion of the student's overall functioning would have to be done by someone
trained in counseling. Counseling in the future will not have to take place
in isolation from the academic experience of the student.

Another failure of contimporary evaluating techniques it the inherent
difficulty the instructor faces in actually knowing what he is m2asuring.
His intention may be to assess how much a student knows about a given con~
tent area, but the method used may inadvertently put some students at a
disadvantage. Studying the evaluaticn process and describing some of the
varigbles in general terms will eventually lead to greater refinement in
evalusating techniques.

In addition to meeting the needs of a variety of practical objeccives
related to the immediate improvement of the educational process, several
other important objectives are involved. Here we are concerned with the
development of data-collecting techniques which have important research

and long-range practical implications. As indicated earlier, research on
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career choice and studewt development is limited because essential informa-
tion gbout what the student is learning and how it effects his functioning
is not available.
Furthermore, most of the research on the prediction of academic success !
fazls because the criterion involved is so ambiguous. Detailed information
about important aspects of intellectual functioning in the classrocm would
provide the meaningful criterion that is needed.

Still another objective of developing this type of data system would be

the possibility for evaluating student development over a four year period. ¢

C. Related Research
There are several areas of traditional psychological research which are
pertinent to this study. While these areas have been developing in a paral-
lel manner, they havn never heea brought together to focus on the problem
of evaluating intellectual development in college students, Each area will
be briefly described and then its contribution to the present problem will l

be outlined.

1. The Psychology of Individual Differences. In the past half century, 1

psychologists have developed a theory of psychological testing and have pro-

range from the aptitude tests of the College Entrance Examination Board to
Strong's Vocational Interest Blank.
The underlying assumption of these instruments is tha recognition that

individuals differ widely on almost any dimension that we care to observe.

A second assumption states that an individual's relative standing on these

dimensions can be mearfured and that predictions abort future hehavior can
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be based on these findings.

While there is a vast literature on psychological testing (see Cronbach)
in most instances this knowledge has not invaded the college classroom.
Psychologists have written excellent texts oun how to construct classroom
tests but have avoided the proselytizing role of bringing their work to the
attention of other disciplines in higher education (see Dorothy Wood).

Other psycholcgists have devoted enormous amounts of time and effort
developing measures which will predict college grades. Very sophisticated
statistical models have been developed to cope with this problem, but many
decades cf research have not provided predictors which account for much
more than 50 per cent of the variance {(Blocm, et al; Lindquist; Chansky).
All these predictior studies have accepted the grading system and the
grade point average &s & psychologiceally meaningful cziterion. The point
of view taken here is that better prediction will result from more atten-
tion being paid to the criterion,

2, Guilford‘s model for the structure of intellect. Each instruc-

tor in a college has regponsibility for the content and technique of his
course. The policy makers responsible for putting together an entire cur-
riculum cperate on the assumption that students :hoosing that curriculum
will be encouraged to grow intellectually and professiumally. Individual
instructors are responsible for evaluating a student's progress in their
own courses, but no currently available system is set up to evaluate s
student's total growth.

Therefore a model is needed which will allow fer integrating a student‘s
performance in one course with that in other courses taken at the same time,

as well as his growth over a four-year period. This, of course, is a very

L 777
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ambitious program and this researchk will zllow for only am initisl test of
its feasibility.

For the last decade, Guilford has keen devzloping both the theoretical
aspects and the measuring devices for his model of the structure of intel-
lect. This model may allow us to assess the intellectual development of
the entering freshmen. We then can relate the performance on individual
tests in a specific course to these general measures. Intellectual develop-
ment can be studied, and, in addition, course work can be better evaluated

in terms of its contribution to this developwent.

D. The Psychology of Problem Solving

In addition to Guilford's work on the structure of intellect, there are
many coatributions to the psychology of problem solving which are relevent
here. 1In particular, we are concerned with those variables which determine
whether or not an individual will be able to evaluate the important aspects
of a problem and/or take a fresh perspective on the solution of an old pro-
blem. Here we are concerned with the subtle interaction which takes place
between the individual's intellectual functioning and his characteristic
modes of perceiving reality, For example, two individuals may have the same
high level of intellectual ability but their pre-conceptions about reality
are so different that their approach to a protlem is eantirely different.
One studeit believes there is only one right way to do things and this way is
learned from traditional authorities. The other student hes learned to take
traditional authority with a grain of zalt and Zs much more flexible in his
approach to a problem.

Rokeach has provided a great “cal of systematic thinking and experimen-

tal evidence absout the nature of open and closed belief systems. In additiom




ke has provided a measure of this dimension which can be used wich college
students.

While Rokeach has provided more systematic thinking to the protlem, the
literaiure of experimental psychology is also rich with examples of "set,"
which either enhances or interferes with problem solving. The experimental
varadigms used in these studies could be introduced into the classroom using

the conten” of the specific course.

Section 1

The cumulative grade poirnt average has traditionally been the currency
of the academic world. Students are continually evaluated in terms of this
global measura. Many educationally significant issues are decided by a
student's GPA. Hundreds of studies are reported in the psychological iii >r-
ature dealing with the prediction of cumulative GPA. Only recently has the
utility of this criterion measure been questioned. It is the purpose of
this paper to examine one aspect of the meaniagfulness of the concept of
cumulative grade point average. The point of view to be explored here takes
as its starting point the common sense observation that both students and
courses vary in the work expected and performed. Beyond this obvious point,
there is the disturbing fact that two students may receive an identical grade
in a course for very different kinds of academic performance. Using the
grade point average as accurate reflection of the student's performance is
akin to using the fun house mirror as accurafe reflection of one's own ap-
pearance,

We will not come to grips with all the difficulties associated with tra-

ditional grading practices in this section. Other sections of this report
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will coasider more meaningful alternatives. Here we will attempt to analyze
the cumulative grade point average into more mezningful segments. These
segments will be created by grouping together courses which have a similarity,
at least in course content. Once these segments are isolated, we can examine
scme of the relationships between academic performance and a wide variety of

other variables; e.g., interest, personality, and aptitude,.

Method
Two classes from the School of Engineering were chosen for this study.

One class consisted of all those students who entered in 1961 and graduated

in 1965 (N=70). The other class is made up of all those students who entered

in 1963 and are currently finishing their junior year in engineering (N=58).
All grades in all courses were recorded for these two classes and then
g-ouped according to the following principles of classification:

1. The studeats' overall University cumulative grade point average. (This
i3 the traditional criterion measure.)

2. The GPA achieved by the student in his major area of study. (For this
project, eight separate School of Engineering majors were included. For
example, an Electrical Engineering major would have all his courses in
E.E. included here, while a Mechanical Engineering major would have M.E.
courses included here.)

3. The GPA achieved in the freshman history sequence of three courses.

4. The GPA achieved in the freshman English sequence plus the Scientific
Writing course.

5. The GPA achieved in all chemistry courses.

6., " v * " " physics courses.,

B R T T ———————— e e Ty =y
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7. The GPA achieved in all mathemetics courses.

g » " " * " engineering core courses.

Results

We shall be primerily concerned with examining irntra-class relationships
in this study. We can, however, be more confident of the stability of our
results when we find the same relationship holds over at least two different
classes. The comparison of results between the two classes must be under-
stood in che context of the differences which characterize these two samples.
One sarple vepresents a four-year graduating class, and the other represents

junior class standing. Other important differences are apparent in Table I.

Table 1

Means and Standard Deviations for
Cumulated GPA, SAT Verbal and Math Aptitude Scores

Class of 1965 Class of 1967
X S.D. X s.D.
576 137 Verbsl 632 78
659 146 Math | 705 48
-85 66 Verbal minus Math -72 77
2.82 0.44 Cumulative GPA 2.7« 0.43

We see in Table 1 evidence of & general trend at Stanford--a signif’ :ant
rise in the aptitude scores of the entire freshman class. Not only are the
mean scores higher for the 1967 cla3s, but there is also a restricted runge

of talent. Included in this table i the mean discrepamncy score between
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] Verbal and Math aptitude. At Stanford, it is comsistently found that men

f~; bave much higher Math then Verbal scorez. Some implications of this rela-

1 tionskip will be examined below. \

In Tablc 1 the cumulative GPA is recorded, using the University'e 4-

‘f; point system (A=4 points). Despite the large increase in overall ability

‘ level, we see that the Class of '67 is slightly lower inm its overall GPA.
In Table 2 the grade point averages are based on a ?-point system: 9 is Aj;

B 8, A-; 7, B¥; 6, B} 5. B-3; &, C+; 3, Cor C-; 2, B+, D, ot D-; &and i, F.

(These averages consist of all grades without regard to the number of units).

Table =

™

|
|
K Yeans and Standard Deviations for

the Various Classifications of Course Work

Class of '65 Class of '67
h X s.D. X S.D. |
\ 5.66 2.0 1. GPA-Major 5.77 1.78
) 4.81 1.6 2. History 4.38 1.48 i
| 5.05 1.2 3. English 5.02 1.3 |
'3 6.00 2.1 4. Chemistry 5.98 2.06 |
» 5.80 1.4 5. Physics 5.69 1.48
: 5.22 2.1 6. Mathemstics 5.05 1.65
f; 5.68 1.5 7. Engr. Core 5.55 1.47

i When we compare the CPA's for the two classes, it seems evident thai

there are no dramatic changes in performance. In comparing the relative

e standing of the different course areas, we note that the grades &~hieved
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in history detine the low point in both cases.

Table 3 contains the intercorrelation matrix between the various GPA
areas and aptitude gcores for the Class of 1965. This is repeated in Table
4 for the Class of '67. Perhaps th: most interesting finding is the absence
of any significant relationship between aptitude and academic performance
for the Class of 1965. For the Class of '67 there is a low positive rela-
tionship between aptitude and performance in both mathematics and English.
In neither clees is performance in engineering courses correlated with apti-

tude. (See Tables 3 and 4 on the following page.)

Tabla 3

Correlation Matrix for Overall
GPA, Area GPA, and Aptitude
1965

GPA Hist Engl Chem Phys Math Engr SAT SAT

Hajor Core Verbal Math Discre,
Overall GPA .34 .53 .51 .68 .76 .75 -85 NS NS NS

SAT

GPA--Major NS NS NS NS NS 24 NS NS NS
History 57 32 .43 .30 .29 NS NS .35
English .33 .32 NS .33 NS NS .42 :
Chemistry .54 .59 57 NS NS NS
Physics .73 .78 NS NS NS
Math ' .79 NS NS NS
Engr. Core NS NS NS
Note: All reported coxrelations are significant at tke 5 per cent level or higher y
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Table 4

Correlation Matrix for Overall
GPA, Areca GPA, and Aptitude
1967

GPA Epgr SAT SAT  SAT
Major Hist Engl Chem Phys Math Core Verbal Math Discre.

Overall GPA .67 .64 .33 .69 .67 .85 .79 NS NS NS

GPA-Ma jor .37 .30 .33 .56 .34 .60 NS NS NS,
History 40 41 .33 .56 38 NS NS NS
English NS .29 .54 42 .31 .28 NS
Chemistry .57 .53 .53 N8 NS NS
Physics .52 .59 NS NS NS
Math .67 .29 .31 NS

Engr. Core NS NS NS

Note: All reported correlations are significant at the 5 per cent level or
higher.

The overall GPA ten&b to have high correlations with many of the area

scores because the overall GPA includes thosge ares scores.

Performance in major area and its relaiionship to performance in all
other areas is of crucigl importance in undergraduate engineering education.
S¢lecting = major represents the expression of the student's own choice and
he should, therefore, be highly motivated. For the Class of '65, perform-
ance in mzjor area was almost umrelated to level of performance in other
1 areas. Foxr the Class of '67, this changed somewhat, though no correlation
was high encugh to account for 50 per cemt or more of the wariance. We will
examine the significance of this phenomenon in.the discussion section.

. Another set of relationships having direct bearing on undergraduate
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engineering is that between the core courses and the rest of the curriculum.
The highest correlations are between core courses and the mathematics and
physics sequences.

One generalfzation which emerges upon examination of these sets of cor-
relations could be stated as follows: The relationship between performance
in one segment of the curriculum and another is so complex that in most cases
we can account for not more than 50 per cent of the variance. (The square

of the correlation coefficient provides a measure of the percentage of vari-

ation which is accounted for by one measure for the other ﬁeasure.)

We have found that performance in one area of the curriculum does not
provide as much information as we would like about performance in another
area. By focusing on overall GPA we tend to deny systematically the reali-
ties of the great variability which exists in students’ performance. We
will now turn our attention to other sets of variebles which might account
for some of the variance which has been so elusive.

The evidence suggests that here at Stanford, aptitude is not signifi-
cantly related to academic performance fer those men who stay in engineer-
ing. In part, this can be e#plained by the fact that nearly all the men in
these two samples have relatively high aptitude scoves. It is, therefore,
natural to turn to the area of motivation in order <o explain the differ-
ences in student periormance. o

In Tables 5 and 6 we have the correlations be.ween the different aca-
demic sectors and a variety of personality scales. The Respongibility and
Achievement-via-Independence are significantly related to nearly all the

gseparate academic areas. To generalize: students who are dependable, self-

propelling, and hard-working tend to do well. This is not surprising. There
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Table 5

Correlation Matrix for the CPI Scales
and Several GPA's, 1965

Do Cs Sy Sp Sa Wb Re So Sc¢c To Gi Cm Ac Ail

GPA Overall .27 .25 .23
GPA--Major

History .24

English

Chemistry .25 .24 .26
Physics -.27 .32 .26 .24
Math ~.26

Enpr. Core -.24-.29 .25 .29 .28

.36

.30 .39

) |
.24

.27

Note:- All reported correlations are significant at the 5 per cent level or higher.

Do Dominance

Ce Capacity for Status
Sy Sociability

Sp Social presence

Sa Self Acceptance

Wb Well-being

.

Re Responsibility
So Socialization
Sc Self-control

To Tolerance

Gi Good impression
Cm Cormunality

Ac Achievement through conformity
Ai Achievement through independence
Ia Intellectual efficiency

Py Psychological mindedness

Fx Flexibility
Fe Femininity

~ ) b
Ie Py Fx Fe
.26
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Table 6
Correlation Matrix for the CPI Scales

and Several GPA's, 1967

Do Cs Sy Sp Sa Wb Re So Sc To Gi Cm Ac Ai Ie Py Fx Fe

GPA Gverall 44 .33 .30 .26 .35
GPA-Major .38 .34 .28 41
History .31 .28 .29 .23 .30
English .35 .40 37 .26
Chemistry -.29 .33 .29 .51 40 .34

Physics )

Math 42 40

Engr. Core -.29 ,38

Note:-All reported correlations are significant at the 5 per cent level or higher.

is also, however, a significant negative relationship between the Social i regcuce
and Self Acceptance scales and several of the academic sector:. Individuals who

are comfortable with themselves and with others tend to do less well in impor-

tant areas of the curriculum.
These findings suggest that the motivational variables only reveal addi-

tional complexities to the picture we are sketching. While it is true that

motivation is important, it alco seems to be true that only certain kinds of
motivational patterns may be rewarded in the engineering curriculum. We will

return to this point in the discussion.
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There is one other set of relationships which is worth examining. We ia-
dicated above the lack of significant correlation between aptitude and perform-
ance. Another approach to the relationship between aptitude and performance is
via the measurement of "creative thinking." 1In Table 7 we have the correlations
between the several academic sectors and several measures of "creative thinking."
(These data are available only for the Class of °67.) Eight different measures
of creativity were used and only one of these had a significant relationship

with more than c¢ne academic sector, Match Problems is a measure of “adapt ve

Table 7

Conse- Conse- Alter- Match Possi- Expres- Pertinent
Making quences quences nate Prob- ble sional Questions
Objects Remote Obvious Uses lems Jobs Fluency

Overall GPA .29

GPA-Major

History \ .32

English

g
> . uibtihtadumd

Y

Chemistry .30 .35

Physics

Math

Engr. Core .40

Note: All reported correlations are significant at the 5 per cent level or
higher.




18

flexibility" defined ac an ability to redefine sbstract relationship.

The score on "Match Problems" was significently correlated with overall

GP4, engineering core GPA, and Chemistry GPA. Of all the eight measures, the

intellectual tasks involved in solving the “Match Problems" most nearly re-
gemble the intellectual tasks of many engineering courses. This raises the
issue whether or not we should expect other high correlations. For example,
we find that the measure labeled "Pertinent Questions" is only correlated
with the history GPA. It is relevant to agk how the ability to rose “Perti-
nent Questions" is related to the overall training of engineers. If this

is important it should be reflecéed in the correlations with other courses.

Once again the absence of large numbers of significant correlations

raises more questions for study. We had hoped that these ‘'creativity meas-
ures"” would give some clues to what was nceded i1 order to do well in under-
graduate work. Remember that the usual measures of aptitude were of no help
in understanding this complex set of behaviors we label academic excellence.
It would seem that the creativity measures employed here are subject to the

same problems as other more conventional measures of ability. They do not

reflect what talents are really being rewarded in the courses.

Discuseion and Summary

An assumption underlying the use of the cumulative grade point average
is that it is an accurate reflection of the student's academic performance.
The ubiquitcue use of this measure requires that we be very clear about what
it does and does not reflect. The undergraduste curriculum in engineering
is made up of many diverze segments and the evidence presented in this sec-

tion suggests thst mastery of one segment is no assurance of mastery in
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N another. This point does not deny the significant positive relationsiip which
does exist between the different sectors. Instead, the intent is to focus on
the large part of the variance which is still uneccounted for.

This focus can lead to euamining some aspects of the teaching-leerning

~ ~

process from a new perspective. The evidence suggests that a student does not
work at a uniform level of performance in all courses. Perhaps this is a

,; reality of human nature which we do not openly admit. Instead, each professor

2 approaches his course with the view that he is preeenting his material to op-
timally motivated students. This automatically builds in a conflict between
the instructor and at least some of his stud2nts. The student has the choice
of meeting the expectaticns of the imnstructor or being penalized by a low
grade.

Perhaps we should work on the problem of how to create optimal motiva-
tion for all students in all courses. Some of the problems inherent in this
approach will be examined in other sections of this report. At this point we
are particalarly interdsted in examining some aspects of the Stanford students'
experience with the existing curriculum.

We have seen that aptitude is not significantly related to performance.

. In part, this can be understood to be a result of the high but narrow range of
taleat present among the Stanford students. Even though the narrow range of
< talent will reduce the possible correlation, it is also a fact that a student's f
aptitud. has become lesc important in determining his curremt academic success
than his previous academic success in high school.
Wiat are the consrquences of a student's finding that the skills upon
which he previously zelied for succeses arc no longer so trustworthy? ¥e can

. . come up with several limes of thinking which may provide some anawers.




Scme students will find this new situation very frustrating. They will,
thierefore, respond in sccord with the methods they have previousiy developed
to handle fruastration. We can see this operating in our finding that students
with a well-developed sense of responzibility achieve higher grades than stu-
dents with less responsibility. ¢n the surface this mekes a good deal of sense.

In the School of Engineerin3y we would hope that such personality char-
acteristics as "responsibility" would be related to performance. As a profes-
sional engineer, recponsibility will be a key ingredient in later success.
When we look more carefully, however, at the meaning of the scale we find that
there is an optimum level of responsibility. BReyond that level, the person
would no longer be considered responsible in the positive sense of the term.
Instead, we would begin to think in terms of somecne who is over cautious,
unimaginative, and narrow in his ability to view problems,

We have a little further support for this line of speculation when we
find that there is a negative relationship between academic performance and
measures of self-acceptance and comfort in dealing with others. Another
strand of evidence comes from the general lack of relationship between the
Guilford measures of creativity and most academic areas.

We have been suggesting that some studzants do well because they grind
away at all courses, not out of genuine interest but ratiier through a belief
in the value of perseverence. Other sgtudents make the conscious decision that
they will work hard in some courses because of the intrinsic worth to them
and take the consequences of not working hard ia other courses.

The curxiculum and the associated grading practices as they are now cum-
ceived and put into practice have certain undesirable comsequences. The

pressure to do well forces some students eitber to duny or to develop their

S, g oy Bt
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own intrinsic iaterectc. Instead, they choose to meet the demands of an un-
relenting faculty for work which often seems devoid of significance. 1In ed-
dition to learning the content of the courses, these students are also trained
to be obedient and uncritical.

Other students consciously decide or are unconscious.y forced to be more
selective in their performance. While it is true that these students are be-
ing forced to make mature decisions about how they will use their time, it is
also true that they are being punished for exercising this judgment.

There is, of course, still another group of students who do extremely
well in nearly everything because of a combination of high ability and strong
intrinsic interests. While in the minority, there are enough of these to
justify maintaining the_ptatus quo. Viewed from one perspective, these stu-
dents protect the faculty from coming to grips with the reality of how most
students function.

In the next five sections of this report we wiil examine in greater
detail several aspects of the teaching-learning process. The cumulative
grade point average has become a barriec to understanding the academic be-
havior of students. OQur intent is to zet beyond this barrier by assessing

what actually gces on in the classroom.
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Section 2

Toward the Development of an Ideal

Engineering Problem-Solving Strategy 1

The education of engineers has for decades been the subject of lively
debate and careful thought. 1In the past the motivation for reform has been
to make what is already good, better. Presently, however, a different source
of motivation is being experienced by educators. Extrapolating from the ex-
plosion of knowledge and technological advances of recent years, educators
are noting the need for almost continuou; education for the professional
engineer. We are now confronted with the problem of how to prepare students
to continue their profzzsional learning all their lives.

It seems that a useful factor in providing students with the incentive
and capability to continue training after graduation would be the possession
of well-develouped learning skills. That is, we assume that a student who

Ta 2

nas at nis disposal a comfortable and productive strategy of iearning will be

likely to continue to expend the time and effort necessary to the attainment
f" of new knowledge.
l*' The major task of engineering students and professional engineers is
solving problems. Engineering students spend the vast majority of their

time learning how to and actually soiving many kinds of problems in prepara-

\ tion for the period when, as professional engineers, thoy will be required
. to work on more problems. Therefore, the development of a gocd problem-
" solving strategy should be an integral part of an emgineer's training. The

present study i3 a first step in the direction of the development of such a

strategy.
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For several weeks we observed and interviewed students while they were
engaged in problem-solving activities. While students varied in some of
their agproaches ard no students were totally alike, each did implicitly
employ some strategy. It is hoped that a combination of techniques and ap-
proaches will lead to the developmeat of an »ptimal problem-solving strategy.

OQur first face-po-face encounter with the learning environment in an en-
gineering classroom took place during the summer session. It was our impres-
sion that a summer session class would be atypical; we therefore focused our
attention on describing how students go about solving an asgigned problem.
Although the main focus was on problem-solving strategy, we were also very
interested in understanding something of the psychslogical climate of the
classroom.

The subjects were taken from a course in dynamics. Eight students were
cbgerved and interviewed, all upperclassmen and doing moderately above-aver-
age work in other courses. In the clasaroom the students appeared intent on
the material being presented. It was general practice to copy everything that

the professor wrote on the blackboard. Class members came well prepared for

note-taking, employing graph paper, rulers, and colored pencils. Very few
questions were asked from the floor; there appeared to be an unwritten rule
that the students would not interrupt the presentation of a derivation or the
solution of a samp.e problem. When questioning did occur, students seemed
unskilled at pinpointing their areas of confusion.

The problem-solving behavior of the students was observed pericdically
throughout the school term. They volunteered to work individually on their
homework problems, which constituted new material, in the presence of the

researcher. While they attempted to solve the probiems, tkey were required

<'
i
{
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to verbalize as freely as possible what they were doing. In addition, the
obgserver asked questions when clarification was needed. The following
problzm-golving strategy evolved. Ko single student incorporated all the
steps; that is, the listing is an amalgamation composed of procedures con-
tributed by several students. The steps clearly are not independent; suc-
cessful handling of later steps usually requires completion of those pre-
ceding.

1. Read the pertinent gection of the text thoroughly. Beginning at
this point, knowledge of--or at least acquaintance with--preceding material
is presumed. Usually, for each problem there were two to five pages that
were directly related to its solution. This material had to be understood
if following steps were to be tackled with any substantial success. Often,
more than one reading was necessary; "skim" reading was useless.

2. Work through the sample problems. Texts usually contain iliustra-
tive problems helpful in conveying understanding of the content and in solv-
ing the problems at the end of the chapter. However, thorough working-
through of sample problems was--in the short run at least--time consuning .
and often neglected.

3. Carefully read and define the problem. This was almost invariably
a major stumbling block. Problems often appeared vague, especially if the
new material was not fully understood, as was usually the case. The prob-
lexr typically required several re-zeadings at various stages in its solu-
tion. .

4. Drew a diagram of the problem, indicating the direction of forces.
A correct physical imprezsion, being able to visualize what was taking place,

was 3 valuable aid to solution.
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5. Know or look up appropriate formulas. Usually it was necessary to
derive additional formulas by working from general to specific equations.

6. If pessible, arrive at an intuitive answer. ‘This was labeled by one
student as the "ballpark approach"; that is, attempting to get a quantitative {
and/orx qualitatiye idea of the problem that was, at least, in the right ball-
park.

7. Try to apply the techniques of a sampie probiem. This was charac-
teristically only partially successful, as the methods illustrated in the ex-
amples often did not directly generalize to the problem at hard. ~

8. Continually check the work as it proceeds. The time-consuming and
demoralizing effect that an ervor in calculation or algebra could institute
made this a crucial concern.

9. See how it comes out.

Following these steps did not guarantee success. When the correct solu-

tion did not appear, or a point of blocking occurred, studeats began to re-

trace their steps. Particular emphasis was placed on a re-reading and re-
defining of the problem. Often an accurate diagram, indicating understanding
of the forces involved, scemed essential. Therefore, if the student was
stumped, he examined and if necessary re-drew his diagram. After starting
virtually from seratch, the problem was re-worked.

If an appropriate solution still was not obtaired, the students character-
istically fell b;ck on another hierarchy of rasponses. All of them made use
of break perieds, ranging in time from five to thirty minutes. During their
breaks, the students tried to cngage in activities totally removed from study; ﬁ

for example, playing a quick game of basketball. Returning fresh .toc the prob-

lem, they were often able to figure it out. Occasionslly, sleeping on a probiem
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seemed to make the solution easier in the morning.

Many students collaborated with other class mewbers. Trading of solutions,

joint study "dates," and other forms of mutual azssistance were common, and
hopeful, at least in the short run. The lone wolf was at a distinct disadvan-
tage and his scores on the prcblem sets were usually slightly lower than those
of students who collaborated.

Finally, if all else failed, the student would turn to the professor for
assistance. A few minutes at the beginning of each class were devoted to ques-
tions on the assigned problems and were usually sufficient to clear up immedi-
ate difficulties. -

There are several observations which cume out of this first encounter with
the learning process in engineering education. They are based on working with
the students on their problem solving and also observing the general approach
of the instructor. There seemed to be a great emphasis on how to do a given
problem rather than focusing on those elements of the problem which might be
generalized to a whole class of problems. This led to students copying every-
thing the instructor put on the blackboaxd, but did not necessarily emcourage
them to think.

This emphasis on getting the job done is certainly a valuable part of
the engineering profession; however, it may not be the most appropriate em-
phasis in the training of engineers. We shall return tc scine of these issues

in section 6.

;—_
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Sectior 3

Report on a Course in Engineering Design

Engineering has been defined by engineers as "the art of decision making
and skillful approximation." Crucial to the developmert of talent in this
art is a mosaic of factors which have come to be labelled "engineering design."
It is useful to consider engineering design as some kind of process in which
decisions and approximations are made which, hopefully, have a utilitarian
end. That is, engineering design is what engineers do in the real world, as-
suming that they do not graduate into management.

Instruction in engineering, of course, involves material other than that
which ls directly categorized as "design." Students take courses in mathe-
matics, physics, mechanics, electricity, etc., end the humanities. It is
also supposed that students may play bridge, go to symphonies, ski, or drink
beer with the boys. All the factors that make up an individual contribute,
in larger or smaller proportion, to the kind of graduate that is produced.

A course in engineering design may be seen as having two functions: to
act as the logical integrator of engineering education, and to inculcate the
philoscphy and methodology of design. Taking ingredients such as basic
sciences, mathematics, communication, social séiences, etc., a deaign course
moulds them to kncwledge of analysis and design which develops into skillful
design application. Students are made to realize that few real-life situa-
tions provide single-answer solutions as may seem mossible from their science
and mathematics courses. Furthermore, if the course is to present the basic
procedure of engineering design from conception to specification, several

points require elaboration. Among these are the design process, factors

t‘
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motivating design, factors influencing design, preliminary design, analysis,
specification, and presentation.
The course in Engineering Design was selected for observation in this
study because it reflects a point of view ~hich stirs some controversy among

engineering educators. The emphasis, in a systems design approach, is placed

on the fact that many problems are open-ended. Solutions must be searched

for in terms of criteria which encompass a very broad range of economic and
social variables. While this may be the general orientation of the course
philosophy, there are.often circumstances working against its implementcation.
The course at Stanford is of interest because it}tries to combine both
the philosophy of design with the more traditional course in engineering
. drawing. We are interested in observing how students respond to a course
with such complex goals,
,;; At Stanford the primary, and for many students the only, course in de-
sign is Engineering 9. It is a one-quarter, four-unit, required course.
Students in all classes may take the course, although for some disciplines,
its functioning as a prerequisite demands its completion as a freshman ox
sophomore. During the autumn 1965 season, the students were divided as fol-
lows: freshmen, 56 per cent; sophomores, 30 per cent; juniors, 9 per cent;
and seniors, 5 per cent. Of the 131 enrollees, approximately one-third had
- not declared a specific discipline as a major. Among thor: who had declared
a major, ome~third were electrical engineering, one-fifth mechanical engi-
e neering, with industrial, chemical, and civil equally making up virtually
all the remainder.
As part of a current research project a representative sample of students

| was surveyed at two points during the quarter. These surveys, in the form of i
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an open-ended questiomnaire, were taken near the completion of instruction in
descriptive geomatry und while the students were engaged in work on the first
project of the course. The comments alout the project were evaluated by the
two laboratory section instructors.

The course instruction began with what appezared to the psychologist ob-
serving to be a flood of descriptive geometry material. New concepts, tech-
niques, and skills were called for in rapid-fire fashiun. Yet, somehow,
viztually all the students (who had the advantage of the lsboratory session)
seemad to have excellent grasp of the material. After five weeks of instruc-
tion, over three-quarters of the students reported that they understocd the
material completely or had only a few minor uncertainties. There were, how-
ever, some consistent group differences in the reported level of understand-
ing, depending on class and previous drafting experiences. As would be ex-
pected, scphomores, juniors, and seniors who have had some drafting experi-
ence (high school, college, or industry) get off to a running start. Fresh-
men with no experieace confront the greatest difficulties, reporting a lower
degree of understanding and tending to fall behind schedule on assignments.
Upperclassmen with no experience and freszhmen with experience tend to fall
into a middle group. As shown in the following table, the class difference

bolds up with regard to the final grade in the course, with the ranking be-

~ ing seniors, juniors, sophomores, and freshmen in that order.

D Y
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T~ble &

Grades by Class Standing

Classe A E C D E 1 % 'of GPA
Students

Senior 3 3 1 - -- -- 5.6 3.29

Junior 6 5 -- -- 1 -- 9.2 3.25

Sophoniore 10 22 6 - -- 1 29.8 3.10

Freshman 12 &4 14 1 2 -- 55.8 2.87

Level of understanding and enjoyment in the course do not go directly
hand in hand. Not surprisiagly, freshmen with no previous druwing experience
enjoy the coursz least. The group reporting greatest enjoym=nt, however, is
the freshmen with experience. According to self-reports, this group of stu-
dents reacted favorably both to the challenge of the material and the pre-
sentations of the lecturer. Non-freshmen, with or without training, indicated
average enjoyment with the course, ranking between the two freshman grcaps.

After the students had been working cn the assigned project™ for several
sessious, the group differences in uﬁderstanding and enjoyment became more
pronounced. Freshmen reported ‘ncreasing difficulty in completing work om
schedule. Several freshmen, esperially those without previous experience,
were feeling very pressed for time. Yet wost freshmen without experience ¢on-
tinued to report satisfaction with the ccurse. Non-freshmen maintained leader-

ship in understanding the material, but enjoyment of the cource took a downturn

* The project involved designing & conveyor belt for raising sand and rock
to an above-ground containex.
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for mzny. The introduction of the project did not arouse genersl cless en-
thusiasm, although it did have that effect on an estimeted third of the stu-
dents.

tere are somz typical comments about the project, hoth pro snd con, whick
impart the flavor of the rezactions of the students:

"I like the chance for individuality in this course."

... .more detailed list of what is expected would be helpful, at least
on a firat project like this."

"...too much busy work."

"(should be) rrom for more design individuality; too cut and dried."
"...involves too many irrelevant facts which don't really relate to the
problem."

"It gives me an appreciation of the compromises needed in engineering."
"The major weakness is (hat we cannot rely on mathematics to solve the

problem."

"The project {3 much more interesting than the drawing we were doing
before."
"I dislike the grest inaccuracies involved in the descriptive geometry."
Several students, however, went beyond merely commzenting on the project
and offered statements about the course and their reactions to it. While
most of the remarks were additional positive statemsnts, a elgnificant number
of students used the questiomnaire as a vehicle for expressing the difficul-
ties they were experiencing. It is likely that such confusion is not limited
to Engineering 9 but oceurs throughout the curriculum. The following are soms

examples of the comments:
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"...the lectures gsre not adequate to prepsre you for the lab. Thiz
course is supposed to be 2 decign course but it turne out to be o
course where zll you do is rush to get the projest done." (Uppez-
classman)
"It is unfortunate that certain engineera who will not be behind a
drawing board in business are forced to put in many long hours in the )
lab. True, everyone should know how to read basiec drawings, but it
Q; is not nebessary to labor over intricate problems in order to gain
) this basic knowledge." (Upperclassman)
"I don't feel that we are given sufficient background before we are
given assignments." (Freshman)
"I am not enjoying the work, notr do I comprehend it." (Freshman)
"The course is basically obvicus but requires a truly clear and
logical mind, one which I haven‘t yet developed. Any help along
this line would be appreciated.” (Freshman)
"The complexity is not softened in the explanation by the T.A.'s" !
(Upperclassman) g
"...beyond our przparation in previous courses." (Upperclassman) S
"I don't think that the instructors have made a goed estimation of
either the capabilities of the students or the speed at tvhich they 5
rork." (Freshman)
These comments are from students in trouble. The number of such students
is swmall when compared to thoge who do not express confusion or difficulty.

It should, however, be a fundamental principle of teaching that instructors

in their chosen field, yet experiencing difficulty.

{
|
;ﬁf can and must attempt to reach students who are basically bright studying i
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Somz of these students setively seek aszsistence. Moast, =ccording to 3
survey of another enginesring course, first look for help from their cléss-
mates. Eventually, a omall portion of etudents in trouble talk with the pro-
fessor. Yet it is painfully obvicus that going to the professor is the last
resort of most students. All instructors have experienced the frustration of
seeing a s;udent foxr the first time after tha final is ovev and as the young
man clutches his blue book with an "F" on the cover. Usually, the frustra-
tion of the instructor is hoightered by the memory of weekly office hours
spent alone. Somehow the instructor's statement, "But I was available all
quarter," echoes as feebly as the student's reply, "I thought I could do it
myself." Obviously, as such experiences recur for the students (although for
some, once is enough) engineering loses its appeal.

One purpose of the survey of Engineering 9 was to determine the effec-
tiveness of a questionnaire in opening channels of communication between the
students‘and instructors. The degree of openness in responss and the en-
thusiastic participation of both students and instructor indicate the poten-
tial usefulness of the technique. A questionnaire has several advantages
from the students' viewpoint: it is fast, yet permits open-ended comments;

- -

it is anonymous (or could be); and it does not demand face-to-face confron-
tation with a possibly threatening professor. Por the instructor, such an
instrument is easy to prepare and administer, provides sn over-view of the
class's progress and difficulties, and may supply some helpful teaching ad-
vice. To the benefit of student and instrucior, a8 questionnaire may serve as
an "introcductory" mechanism,‘facilitaﬁing persocnal contact. Several students,

for ezample, expressed surprise, relicf, snd pleasure that their opinions were

being taken into account by the instructor.
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If the students who sre experiencing difficultics ia &ay course are to be
helpeé, they must be convinced of the instructor's aveilabiiity. Perhaps
the implementation of weekly or biweekly requects for the students to evalu-
ate the coursge and their pregress is a ctep in the right dicection.

Concentrating on the students alone, however, does not seem suffici-
ent. The instructors must feel that such contact ig useful and rewarding
and, furthermore, must bhe comfortable in what may be a relatively new role,
An instructor may find it necessary, for example, to act not merely as an
importer of knowledge, but as a counselor as well. It is even conceivable
that an instructor and a student, by working together, may come to the con-
clusion that a student shculd leave engineering. For a student who is in
the process of making such a decision, the support of an understanding
faculty member can be extremely helpful. Similarly, for the student who
decides to persevere, the backing of an interested professor may make the
difference between success and failure.

Returning to the discussion of Engineering 9, the data make possible
gsome tentative conclusions and suggestions. Within the context of a course

which teaches the tools of descriptive geometry, it is very difficult to

"inculcate the pi?losophy and methodology of design." A great many students
perceive the course in tezrms of drawing, rather than design. Such an inter-
pretation is not without justification, as a good deal of time is focused on
the fechniques of drvawing. Elemenés of Jesign, conceived in terms mentioned
above, are present but not to the degree hoped for by the instructors.
Students in a course such as this are confronted with a confusing set of
goals, Mastery of the technical skills of drawing is set up a8 one require-

ment. Yet many students see this as conflicting with some of the broader

O R P
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iesues that are touched on in the course. Inadvertently the student who is
more task-minded and mects the explic;t requirements of the course will be
more highly rewarded than the student who wants wore challenging problems
ard thus vemains onmotivated,

The implementation of & system of written feedback to the instructor
permitted some expressicn of student attitudes. This is s valusble first
step but students also need to have these attitudes recognized in terms of
specific changes in course content. The issue.of change in course content
is both complex and important. The needs of the student cannot adequately
be met by considering only one course but requires an evaluation of the in-

tended goals of the entire curriculum. This is beyond the scope of this

study, but some of our conclusions will have a bearing on this topic.

PP .
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Section &
Differential Effec iveness of Small

Froblem-Solving Sessions

Different teachers may have differential effects ov their students. Im
order to test this proposition in engineering courses, a survey course in
electrical engineering was selected for investigation. A major function of
the course was instruction in the solution of problems involving use of know-
ledge of electricity and relatea techn. jues. Content was presented in thrice-
weekly lectures. Of interest in thie report, however, are the problem-session
groups, three in number, each meeting once a2 week for two hours. Each group
was taught b& a different instructor; one by the lecturer, an experienced
member of the faculty, and the others by recent Ph.D.'s with little or no
teaching experience. It was hoped that data could be obtained from the prob-
iem session; pertinent to differential teacher influences on students.

After preliminary observation by a psychologist and an assistant from
the School of Eagineering, a questionnaire was developed and administered at
the end of the term to a sample of the class. (See Appendix). Three
sections of the questionnaire will be discussed here:

1) Basic demographic data
2) An open-ended statement of opinion of the problem sessions
3) A dimensional rating of the problem-session instructér.

Group I was instructed by the class lecturer, while Groups II and III
weie taught by his assistants. The sampled N of 40 represents about two-
thivds of the class enrollment. . (Demographic data arxe presented in Tiie

A--see Appendix)
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The dats in Table A (see Appendix) indicate that the make-up of the three

sections was similar in mest respects. Age differences were not marked, al-
though Group I appears to have had a few more of the younger class members.
Distribution of disciplines was somewhat restricted in Group 1I1. The groups
were almost identical in their plans for graduate training, and virtually sgll
students attended the lectures. Attendznce at the problem secsions was some-
what better in Group I than in either of the others.

The students' descriptions of their problem sessions sre presented in
Table B (see Appendix). The opinions of the students were rated by a psychol-
ogist judge as good or bad and then rated on a one-to-nine dimension of
"'goodness” or "badness" by the came judge. Group I received more statements
judged as ''good" while Group III obtained more comments judged "bad," Group
IT falling betweer in both instances. The means and standard deviations of
the "good" ratings are listed in Table C and the data on the "bad" ratings
are given in Table D (see Appendix).

Referring to the "good" ratings, Group I is rated significantly better
than Group III (t=2.60, p<c.0l). Group I is also rated better than Group II,
although not with statistically significant magnitude (t=1.33, n.s.). Clearly,
however, Group I was viewed with greatest favor, while students made fewest
"good" comments about Group III.

Table D illustrates that Group III received *he greatest number of "bad"
comments, Group II an intermediate amount, and Group I the least. The dif-

ference between Group III and Group I is significant (t=3.43, p<.01), while

that between Group II and Group I approaches an zcceptable level of signifi-
cance (t=1.97, p&L.07). The difference between Groups II and III is not sig-

nificant (t=1.42, n.s.). The "good" and "bad" ratings combined make it

Sy e,
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*
reasoncble to conclude that the students viewed Croup I most favorably, Group I
II second in desirabtility, and Group III lowest in attractiveness.

If the instructors were influentisl in affecting the studernts' ratings
of the problem sessions, it would be expected to show up in thz instructor
ratings. That is, the ratings would be expected to be most favorzble for the
Group I teacher, least favorable for the Group III leader, and intermediate
for the Group II instructor. The mean ratings illustrated in Table E sub-
stantiate these expectations. The professor teaching Group I was described
as actjive, having a good sense of humor, interested in others, likeable,
helpful, fair, respectful of students, intellectually quick, and rewarding.

The éroup II leader was seen as encouraging of discussion, flexible,
sensitive, intellectually quick, and showing respect for students.

Group III instructor, however, was granted only intellectual quickness
as a positive feature, the rest of the rating profile being rather flat.
Thus, it does appear that feelings about the instructor are highly influ-
ential in shaping the opinions which the students hold with regard to the
problem sessions.

Furthermore, on the Problem-Orientation Questionnaire (see Section 5),

the students in Groups II and III stated lower opinions of the problem ses-
sions than these in Group I, considering them as a waste of time, less help-
ful than discussions with fellow students, not contributing materizlly to
understanding of the course, and not usually clearing up difficulties.

There are, however, indications of unexpected differwnces in the course
’T} performances of the three groups. All students took the same mid-term and

final examination and were gréded on a single curve. The students with the

4
highest course grades were those in Group III. 1
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Table 9

Final Course Grade by Problem-Session Group m
Mean Grade e )

Group 1 2.58 77
{

Group I1I 2.54 1.00

Group III 3.20 .75

The differences between groups are not statistically -ignificant (III vs.
I, t=1.90, p&.10; 1III vs. II, t=1.74, p4.10), but the direction is strong
enough to warrant che raising of some questions. First, did Group III contain
better students to begin with? Apparently not, as the overall grade point !

averages were Group I, 2.57; Group II, 2.82; and Group III, 2.71. Also, the

difference in course grades cannot be attributed to the sligatly larger number
of younger students in Group I, for these students as a group did as well esg
older students.

Second, is the attitude tcoward the problem sessions and the instructor

reflected in total course perfoimance? If so, the relationship is cowrlex and

indeterminate from these data. Furthermore, it is painful to contemplate that
instructors perceived as '"good" do not influence their students to receive
higher grades. Clearly, however, there is no direct relationship between
positive attitudes toward the problem sessions and high course grades. It is
possible that students in poorly-perceived problem sessions react by working
harder on the regular course work? theteby raising their grade. Similarly;
perhape students in highly-rated sessions tend to take it easy and let course
wofk go. Also, however, it is possible the grades serve as an inadequate {

criterion of attitudes such as interest ang excitement. That is, euch quali-

tiec may not be rewarded by the pregent grading structure and their generation

by the instructer if the student receives no overt reinforcement.
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Thr-e ie wzually a plea for having excellent instructors in the under-
graduate curriculum. There 13 alzo gome evidence that students can agree
about the dimerzions which characterize a good teacher. Students state that
they enjoy the course more when they have good instructors. Do they also
work more effectively and learn more? This is clearly the importart question
and no straightforward answer is available.

Part of the reason we don't know is the result of the very issues
we are discussing in this report. Too often teaching is thought of only in
terms of what the teacher does while actually teaching. If evaluation is
not considered a vital element in the teaching process, then there are at
least two serious consequences. Not enough thought is given to what is be-
ing measured and the students' reaction to the measurement process is often
disregarded. Learning and getting good grades are too often distinct proces-
ses because teaching and evaluation are often separately conceived. 1In the
next section we will examine some of the attitudes of students to some of

the standard ways of evaluation present in the engineering curriculum.
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Section 5

Responses to & Problem-Orientation Questionnaire

This initial instrument attempts to measure some attitudes and be-
haviors of engineering students related to the solution of assigned problems.
The items are aimed at eliciting the students' reactions to problem sessions
and session instructors, the problems themselves, and problem-solving method-
ology.

The questionnaire was administered to a sample of 40 students from a
course in introductory electrical engineering. Subjects were predominantly
juniors and seniors; no freshmen were taking the course. Thcre were repre-
sentatives from the electrical, mechanical, industrial, and civil disciplines
of engineering. The questioanaire was included among other measurements of
student attitudes.

The responses of the students are presented in Table 10 at the end of
this section.

A majority of the students considered the problem sessions, which were
conducted by the lecturer and two assistants, all Ph.D.'s, to be of some use.
Almost unanimously. however, the students thought that the succes: of a prob-
lem session depends largely on the instructor. It is worth noting that stu-
dents in the session taught by the lecturer, who was rated as an excellent
teacher, bhad c rsistently better impressions than those instructed by the
tearhing assistants. (See Section 4 of this report, "Differential effective-
ness of small problem-zolving sessions.') {

Half the students wish, for example, that grades were not so dependent

1
y
upon their ability to work problems, and 70 per cent admit that they some- 1
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times get sick and tired of doing nothing but problems. Yet the great major-
ity are responsible about getting assigned problems done on time. It should
be noted, however, that hardly anyone does additional problems for self-
edification. Apparently, the interest in solving problems is satiated for
most students by assigned work, and spare time is spent on other activities.

The importance of problem-solving for examination purposes is fully
recognized, although not with a great deal of relish by many. Almost all
students review problems before a test. On tests where speed of problem-
solving is a major factor, three~gquarters of the students harbor feelings of
resentment, usually expressed in terms of "If I had had more time I could
have done much better." Ciearly, examinations which emphasize speed alienate
a good many students, and perhaps their utility as determinants of grades
should be recopsidered.

Most students share a common problem-solving behavior pattern. Although
study breaks are widely employed, persistence appears to be a typical char-
acteristic. 1Inability to solve an assigned problem results in real frustra-
tion for half the students, but hardly any lose sleep over it. Working
through the semple problems, a highly recommended technique, is adopted by
very few, primarily, it is claimed by the students, because of time pressure.
Probably the only way to eacourage students to do the sample problems would
be to prove their time-saving efficacy. The almec.t unanimous belief that a
general problem-golving strategy existe points ur che necessity for the devel-

opment of and instruction in an optimal approach to problems (see Section 2,

"Toward an Ideal Problem-solving Strategy™).
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Table 10
Problem Orientation Questionnaire

Per Cent responding

TRUE FALSE ITEM

22.5 77.5 1. Problem sessions are usually & waste of time.

15.0 85.0 2. I almost always do more problems than just those assigned.
92.5 7.5 3. I take study breaks when I am working on a set of problems.

90.0 16.9 4. 1T usually get my problems done and handed in on schedule.

92.5 7.5 5. I always review problem=-solving material just before a test.

90.0 10.9 6. The éuccess of problem sessions depends largely on the
instructor.

37.5 62.5 7. I learn more from talking to fellow students than I do in

problem gessions.

82.5 17.5 8. 1If a problem session is taught by the regular lecturer in
a course, I try to get into that one, rather than one
taught by his assistants, even if they are Ph.D.'s.

' 72.5 27.5 9. Sometimes a good class lecturer isn't very good at teaching
problem-solving. |

10.0 90.0 10. Each problem must be approached individually; there is no |
generally applicable problem-solving strategy. ] ﬁ
%

70 30 11. The ability to solve problems is what engineering iz all
about.
- 10 %0 12. Most professors of engineering are poor teachers.
70 30 13. If a problem stumps me, I keep plugging away at it until
‘ I solve it.
\,;":
) 55 45 14. I wish that grades were not so totally determined by
ability to work problems.
) 67.5 32.5 15.. Problem sessions materially contribute tc¢ my understending f
- in a course. |
- 10.0 90.0 16. I always try to work sample problems before I do the

regular assignment.




Table 10 continued

TRUE

72.5
60
75
70
40
15
1;

35

32.5
25

35

65

15

FALSE

27.5

40

25

30

60

85

85

65

47.5

75

65

35

85

17.
18.
19.
20.
21.
22.
23.

24.

25.
26.

27.

28.

29.

44

ITEM

I rarely consult with an instructor during his office
hours.

I usually try to arrive at an intuitive answer to a
problem before proceeding with a formal solution.

I resent examinations in which speed of problem-solving
is a major factor.

Sometimes I get sick and tired of doing nothing but
problems.

it is virtually impossible for me to do problems
effectively on Saturday night.

I often briefly review the day's work just before I go
to bed at night.

I have had practical engineering experience which has
contributed to my ability to solve problems.

Examinations in which the grade is determined entirely
by the ability to solve problems accurately measure a
student 's knowledge of the course material.

I really get fruetrated when I can't solve an assigned
problem,

Instructors should put more emphasis on theory than on
solution of problems.

One of the characteristics of good problem solvers is
the ability to isolate oneself, sometimes for hours at
a time.

Problem sessions usually clear up difficulties I may
have had.

I have difficulty going to sleep at night when I have
been unable to do some assigned problems.
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Section 6
Some Innovations in Teaching a Section

in Electrical Engineering

Most of the work in this study has been descriptive. Either student
observations or the observations of the investigator were used to describe
many facets of the teaching-learning process. Several problems had been
identified, and it now seemed possible actually to work with an instructor
to help him teach more effectively.

In an attempt to investigate the effectiveness of some innovations in
teaching techniques, a small section of an‘electrical engineering course was
selected. The class was composed -: eight volunteer students from a larger
class of about sixty students. They were informed that some informal ex-
perimentation in teaching methods would be tried, but the class would cover
the same amount of'material as usual. The instructor was a Ph.P. candidate
on his first teaching assignment and very amenable to trying out various
approaches.

From the earlier observations of other classes, it was felt that com-
munication between teacher end student could be improved. t the beginning
of'tﬂe quarter this was briefly discvssed with the entire class. All agreed
it would be desirable to work at improving communication. One approach was
to reserve a few minutes at the end of each class session for student evalu-
ation of the presentation of material and other classroom activity. These
notes were given the instructor at the end of each week.

The instructor was asked to ficilitate communication by organizing the

presentatlon of his content in such a way that there would be natural stopping
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points. At sruch pcints he would pose a question about the material just pre-
sented and ask all members of the class to write their answers. After a few
minutes for each student to think about the question, there would be a general
discussion of the correct solution.
Typical of the kind of feedback received by the instructor are the fol-
lowing notes from one of the students:
1/28/66 Friday--very good lecture. A little time was wasted at the begin-
R ning, but on the whole, the lecture was well planned and very easy tn
follow. I like the use of questions during the lecture. ‘
1/31 Monday--I agree with the general criticisms and comments from last
week. Excellent lecture again--well organized and well given. No de-

laying at all and covered all we were supposed to cover--really a great

lecture,
o 2/2 Wednesday--Class went a bit more slowly today, probably because it was
i quite a bit of review. The "question" technique was especially help-

ful today. Lecture was very well organized.

Friday~-Missed
2/7 Monday--Good lecture.
2/9 Wednesday--Midterm--much too lcag to be really useful.
2/11 Friday--Good lecture. I liked the use of summary but missed the 'old"

technique a bit; e.g., use of questions during the lecture.

e
A

-~

From our work in other courses it became clear that "problem-solving
7 - - p

strategy" was an inherant part of the curriculum. It was never emphasized,

however, in a manner which made the student aware of the process. Problems

solving strategy seemed to be taken for granted or was imbedded in the content
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of the course. Our previous observations suggested that the problem-solving
methods of many engineering students were quite disorganized. Students rarely
approached their typical problems with any definite plan of procedure.

It seemed desirable, therefore, to make the discussion of problem-solving

strategy an explicit goal of the course. Students were asked to discuss their

'procedure for solving particular problem sets. This statement included a

time-allotment schedule: each student was to indicate the time spent in initial
thinking about the problem, including efforts which led to incorrect results.

Atter the first problem set was turned in, the instructor led a general
discussion about problem-solving methods. The need for spending more time
thinking before plunging in was repeatedly emphasized. Along with this was
emphasis upon having a clear plan for systematically attacking a problem,

For each problem set turned in to the instructor, he would make comments about
the student's problem-solving strategy. The instructor in his written com-
ments would raise questions about why the student took one approach rather
than another.

In an effort to focus on thec. strategies in the claesroom, the instruc-
tor's questions were so framed as to illustrate the general approach. For
example, students were sometimes asked to anticipate the next step on the basis
of previous information. 1In the presentation of a circuit system, for example,
students would be requested to provide some of the appropriate components.

Another approach to the improvement of communication was periodic review
of the material by the instructor. For example, after three lectures on ana-
log computers, the teacher briefly presented the main concept:, techniques,
and uses. Before the midterm and final examinations, all pre.eding material

was summarized. Abstracts were offered in highly organized oitline form,
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logically condensing the material to only the most crucial points.

In a course in which communication between student and instructor was a
focus of attention, it seemed natural to seek student reaction to the midterm
examination. Students were asked to evaluate the examination and also describe
how they prepared for it. Two examples of this midterm critique are provided

here.
Midterm Critique (1)

I was not very impressed with this midterm. I do not think it was a
true test of my knowledge of electricity. My reasons are:
1. It was much too long. I was required to work so fast on a couple
of the problems that I made careless mistakes resulting in the loss of 8
points on problems that I Lad no trouble working on howework assignments or
practice problems. I am referring in particular to‘the ninth problem--
block diagrams--where I lost 3 points and probably should have lost more be-
cause of my mistake. On the second problem, concerning operational ampli-
fiers, I lost 5 points for forgetting to put down the initial conditions-- ]
i again fairly graded--but nevertheless, the rush I was in lef. me no time to |

double check any of my answers. This is my main complaint. I realize that

4 e P Y, Yra W

the careless mistakes were my fault, but I know if I had been given 15
minutes more, I would probably have been able to increase my grade by 30
points (8 for the careless mistakes on 2 and 4; 10-14 points on Prchiem 1,

where I started the problem and had most of the pertinent informaticn figured

% "_ .

f out but couldn't see the graph so I went on, intending to return to the prohlem

at the end--I forgot to go back; and 10 pointc on the second halfi of problem 5 i

which I didn't even have a chance to look at!)




49

What the criticism amounts to is that I got too rushed by the midterm
to do a good job on it. As far as I can tell, I feel my grade depends tre-
mendously on how lucky I was when I took the test. 1If I'm really lucky, I
won't make any careless mistakes (which have always been a weak point with
me), but if I'm not so lucky my grade can drop as much as two letter grades.
I really do think that ::ck does play a large part on such a midterm.

The midterm did have its good points, though, I felt that it was very
good in its coverage of the material considered important for the course.
There was nothing on the midterm that was surprising and all major points
were covered--excellent midterm in this way.

Answers to Questions (critique 1)
2) Was it graded fairly? Yes on the whole, though I don't see how I got
such a low grade on problem 3,
3) Time spent studying for midterm? About 12 hours.
4) Study procedure?
a. Resd taxt and took notee on taeuxt

b, PRead claes notes

0 Revieved 511 probleme ond uwindeceinoed 2ll of cham
d  Tivied soms problem-esesion probleme
I feel thig 1o an effertivs way to otudy for on znginsesring midtarm

5) 1 hove been epending 7 3 houre o »:=eb studying for the canres

One thing thet vovld help the canrse cansfderakl, {o o211 croandvzd prabk
lem csesione T hore gliien ng golns to my proabhlam ocoof~n Pocowo: dn thy $frar
] G o Q 7 y M ors gy G
fouy weoke T don't think T Juovacd saything mare akeot Fravinerring 40 the

fnetrortoy ecems ta brov the woterdod it c2d)l kot rnoamat toash §F ar A1)
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For instance, the session dealing with analog computers was held before ana-
log computers were assigned in class. As a result, I didn't have any idea

of what was going on, and the instructor was not able to explain it in sim-
ple enough terms. All he seemed to be doing was placing resistances and capa-

citors in a peg board type instrument. At the time, I didn't even know what

an analog computer was used for!

Midterm Critique (2)

In response to the midterm recently administered, I think it was as
good a test of the material covered as could have been accomplished with
problems. But I disagree with what seems a basic belief of the Engineering
41 and 42 series: that the ability to work problems demonstrates accomplisgh-
ment in Circuits and Electronics. As a requirement for all engineering stu-
dents, why does technical manipulation have to play such a large part in
student evaluation? As a éurvey course, muich more of a g?neral nature should
be asked of the studenta, both in homework asnd tests. Asg it ig now, 1£ seems

to create a large hurdle or initistion step for Stanford engineering gradu-

ates T have vetsined little of what T had memorized for Enginearing 41
Thie wag domongtyated in taeet question #3 hy my insbility to enrccpecfully

devive 2 Thavenin sguivalant T doubt that T will vemembsr and be abls to

work half the problems that many prople will avpaet of me Thie attvetion

fzemz dnconsiotent nith the emphacie of the ranre

)

3

{

fn ztudying for the midterm, T lnckad or tha prablem cots ond cronned
the teoot Far ohaut odv houry Durding nermel ossbe | 1 hovs hoon epzoding ot

mazt o one hour otudydng Far 43 odthont 5 geal af heding hie ta da the problom>

Prde A2 too Hirei=, but Lt vhe omaunt of t{ms spant on tho probhleoma cor foaw




- ' - - -
PP pr—
Jm o 2 A i
.

51

I could feel I could do more of this general studying.

I thought studying problem sets was the best way to prepare for the mid-
term. I still do, since it was all problems, but I admit a better understand-
ing of principles would have helped. I found time was too short. I left #1
until last and merely put down what I hoped was the right way to approach it
with little time. This rush also caused me to overlook #5. I should have
done something more valuable with #3, but it was sufficiently different from
the homework that I was unable to do so, although I spend a lot of time on it.
Numbers 4 and 2 were appropriate; I made some careless mistakes.

The test was graded fairly; I have no complaints, I think the students
in the main section were treated too generously with partial credit. But it
does seem that something substantive is wrong if, with realistic grading,

students cannot average more than 45 per cent on a test., (End of student com-

ment),

Theee critiques are instructive from several different perspectives,

1

Fivst of al it is

{umde

) mpressive to see how much effort studente are willing

[81]
nd

to exzpend mn euch ask. Tt is clear that a great daal of feeling ie built

up 29 2 rasult of being evamined. The eenond point 4e a 1ittle more d1€fi-
colt to artiecnlote Tt would zeem thet the e2tudent, in sffect. mabeeg an

fmplicit contract with hie inetructor abkont cvhat he wante tn leosrn end hovw

he chould be sepected to revesl his laotning The tvo evamplae precented
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spective and tries to evaluate the test in the light of what the instructor
was trying to accomplish,

We have seen in other sections of this xeport evidence of the discrep-
ancy which exists between what the student wants and what the instructor is
prepared to give. In order to pursue this question a little further, severai
students were interviewed toward the end of the quarter. We were interested
in determining how a student integrated what he learned in ome c;urse with
his total experience in the undergraduate curriculum. We asked: Of what
significance is this course with regard to your engineering career? One stu-
dent suggested this course would be iike Spelling for an English major; it is
essential. Another felt a basic course of thig type is all right, but this
one i~ just too complex.

Again, there are large individual diféerences between students, and
these differences affect the way a student will respond to the course mater-
ial. This point can be illustrated by examining several students' responses
to the following question:

What influence has this course had on your attitude toward electrical

engineering? On vour attitude toward engineering in general?
A Can't get up enough {nterest . Tt's too hard T think T can get the

concapte, but the problems are too hard., E E majors get the matevial

1:

v
(g

2Y anyray (Major- T F, Couvrse grada, R)
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at you--I don't like it. Upper division is better--work with basic prin-

ciples. (Major: M.E. dCourse grade A-)

C. Has given me a basic approach to problems. .I write what the given is--

then what I want to find out. Den't do detailed steps any more, but I do

write basic concepts and how to use them. Hasn't increased speed, but I

feel more organized. (Major: M.E. Course grade, B+).

Most of the students in the course felt it wze very worthwhile, both in
terms of what they learned and from the perspective of a~ interesting adven-
ture in learning. The long-heard cry for more teacher-student interaction
was satisfactorily met. Nevertheless, some students were uninterested and
could not be drawn into the learning process. We mention this only to il-
lustrate the point.t§§t some students, at a given point in their lives, will
not be open to learniné.

Of greater significance is the varying degree of dissatisfaction that
students who did well in the course feit with its general philosophv. Here
students were not complaining about how things were being done. We know
that overall they were fairly well satisfied. Instead, they were raising
questions about why they were being expected to learn this way in the first
place. The large amount of material and the necessary memorizatica that
went with it were not congruent with their wishes.

We have been concerned with examining the effects of encouraging more
student-teacher communication. Overall, this seems both desirable and bene-
ficial to the learning process. It does seem to open Pandora's box, how-
ever, because the students begin to raise fundamental questions about the

aims of ‘a given course and the goals of the undergraduate curriculum,

 onte . D o W L
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Conclusions and Implications

Teaching is cne of the major functions of the facu1t§; The goals of
these teaching efforts can be described at different levels of‘analysis.
At one level the primary goal of the instructor is the presentation of the
specific content of the course. It has been the intent of this report to
demonstrate that the methods used in presenting the content of the course
and the methods used for evaluating a students mastery of the course con-
tent have far reaching consequences. The full extent of these consequences
can only be understcod if we move to another level of analysis. Here we
have to examine the goals of the entire curriculum. Only then can we ex-
amine what contribution a given course is making.towar. that geal.

It is generally agreed that masterf of the content of the curriculum
is only part of the larger goal of the curriculum. The other parts are a
little more elusive when we try to define them and even more elusive when
we try to implement them. The following is one statzment of these 1arge£
goals: "2 must encourage our students to learn to think independently,
evaluate their own and others' work with high critical standards and be free
enough to see creative alternatives. We must also encourage in our students
the motivation to continue learning and to actively pursue their own intel-
lectual curiosity. We must also develop in our students an awareness of the
complexity of the technological revolution that is occurring in our society
and an awareness of their own individual role in such a society."

While such goals may be stated differently there is an underlying theme

which would represent a consensus. Our expectations for a students develop-

ment go well beyond the accumulation of facts or even the techniques for solving
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qomplex yet well defined problems. In light of these larger expectations we can
examine the consequences of teaching in auy given course and furthermore examlne
the consecquences of the current structure of the curriculum. In this study we
have explored several questions which have relevance to these issues and have
arrived at the following conclusions:

~

For a narrow range of high ability students thlere is little or no )
correlation between academic performance and intellectual aptitudes. In-
stead a variety of variables that are associated with motivation and aé-
titude account for more of the variability in studeuts academic perfor-
mance. There is some evidence which suggests that attitudes having to do
with perserverence rather than creativity are highly correlated with suc-
cess in the engineering .curriculum.

Although creativity and flexibility are recognized as important in-
gredients in the problem solving orientation of engineers, there ig little
evidence of this being a major focus of attention in the training of engi-
neers. Even where an instructor may reveal some of these characteristics
in his teaching, there is a lack of follow through when it cimes to evalu-
ating the students performance. A wide variety of factors make the student
more responadive to what he will be examined on rather than to what he isg
being taught. This inadvertently leads students to focus on learning in a
passive manner rather than actively pursuing the intellectual challenges of
the course material.

By instituting a variety of means for students and instructors to com-
municate with each other, many of the larger goals of the curriculum can be

made relevant to any subject. Ewaluation of the learning process becomes

something that both teacher and student engage in and. thus share in a common
.. enterprise.
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APPENDIX
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Teday's lecture was good / ;Xf / / / / bad.

What was good and/bad about it?
4 L H e unclean ao o fgﬁ//(;//%n £2
Ul present pofect. Zyteesting Hewough.
The major point(s) of today's lecture was (were):

Stcess in  bracket<

Referring to the material presented in today'’s lecture I

X

(4

Understand Have good grasp Have an idea but Vague notion of Am almost totally

it com- of it with only still have many what it is about in the dark
pletely a few minor un- weaknesses :
certainties

(If several points were covered in the lecture, give additional ratings as neces-
sary. labeling your rating marks.)

Referring to the maiefial of the course as a whole I

X

Understand Have good grasp Have an jdea but Vague notion of Am almost totally
it comp- of it with only still have many what it is about in the dark
pletely a few minor un- weaknesses

certainties

I am enjoying this .course

Xy / / /

—— ——

a great deal average not at all
I am ahead (circle one) with my assignments.
behind

Please make additional comments, using other side of this page.

Py




Age

Class

Discipline

Plan to
Attend Grad
School
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Table A Demographic Data

(See Section 4)

- N=l17 N=13 N=10

Group 1 Group 11 Group III

f % £ % £ %
16-20 10 59 8 61 4 40
21-25 7 41 3 23 4 40
26-30 - - 2 15 1 10
older - - - - 1 10
Fr 1 - - - - - -
Soph 2 4 23 - - - -
Jr 3 9 53 8 61 4 40
Sr 4 4 23 4 31 5 50 -
Grad £ - 1 8 1 10
Astro 1 1 6 - - - -
Civil 2 2 12 2 15 - -
Elec Physio 3.- - 1 8 - -
EE 4 7 41 2 15 6 60
Genrl 5 - - - - 2 20
iE 6 1 6 4 31 1 10
ME 7 5 29 4 31 1 10
Physics 8 1 6 - - - -
Yes (1) 9 53 8 61 6 60
No {2) 2 12 1 8 1 10
Undec (3) 6 35 3 23 3 30
No answer - - 1 8 - -

-




Table A continued
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Group I Group II Group III
f yA £ % f yA
% Lectures 0 (0) - - - - - -
Attended
25 (1) il - - - - -
26-50 (2) - - - - - -
51=75 (3) 1 6 - - - -
76-100 (4) 16 94 13 100 10 100
Not an~-
swered 1 6
Prob Ses-
sions Ate 0 (1) 3 6 - i 10
tended 1 (2) - . .
2 (3) - 1 8 -
3-4 (4) - 3 23 2 20
5-6 (5) - 1 8 1 10
7 15 88 8 61 6 60
Expected
Grade D (1) 1 6 3 23
c (2) 8 47 3 23 2 20
B (3) 7 41 6. 46 6 60
A (4) 1 6 1 8 2 20

& ERIC

Aruitoxt provided by Eic:

. } % [
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Students' Description of Their Problem Sessions
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Table B

(See Section 4)

Group 1 Group I Group III

£ % £ % £ %

Description 1 (low) - - . 2 15 2 20
Prob Ses-

sions Good 2 - - 1 8 1 10

3 1' 6 1 8 - -

4 - - 1 8 1 10

.3 - - 1 8 2 20

6 - - 0 - 1 10

7 3 18 1 8 - -

8 1 6 1 8 - -

9 (high) 7 41 2 15 - -

didn't answer 5 29 3 23 3 30

Description 1 (low) - - - - - -
Prob Ses-

sions Bad 2 - - 1 8 - -

3 - - - - 1 10

4 - - 2 15 - -

5 - - 3 23 1 10

6 2 12 - - 2 20

7 1 6 - - 2 20

8 - - 1 8 1 10

9 (high) -~ - 1 8 1 10

didn't answer 14 = 82 5 38 2 20
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Table C
~ (See Section 4)
Means =nd Standard Deviations of

Students' Opinions About Problem Sessions Judged as "Good"

Group
I II II1
Mean | 5.59 3.77 2,40
SD 3.88 3.35 2.24
Table D

(See Section 4)
Means and Standard Deviations of

Students' Opinions About Problem Sessions Judged "Bad"

Group
I II III
Mean| 1.12 3.23 5.10
SD 2.42 3.04 2.98




12

100
76
9%
88

18

88

59

53
12

82

59

9%

12

Group
I1

38

31

100
100

92
100

54

100

69

23

84
15
69

61

46

II1

30

70
109
90
80

50

50

80

10

80

50

10
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Table E
Problem-Orientation Questionnaire
(Percent reeponding true)
(See Section 4)

Problem seziiions are usually a waste of time.

I almost always do more problems than just those that are
assigned.

I take study breaks when I am working on a set of problems.
I usually get my problems done and handed in on schedule.
I always review problem so}bing material just before a test.

The success of problem sessions depends largely on the in-
structor.

I learn more from talking to fellow students than I do in
problem sessions.

If a problem gsession is taught by the regular lecturer in a
course, I try to get into that one, rather than one taught
by his assistants, even if they have Ph.D.'s.

Sometimes & good class lecturer isn't very good at teaching
problem solving.

Each problem must be approached individually; there is no
generally applicable problem solving strategy.

The ability to solve problems is what engineering is all about.
Most professors of engineering are poor teachers.

If a problem stumps me, I keep plugging away at it until I
solve it.

I wish that grades were not so totally determined by ability
to work problems.

Problem sessions materially contribute to my understanding in
a course, :

I always try to work sample problems before I do the regular
assignment,
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Table E Continued
Group
I II III
76 69 70 I rarely consult with an instructor during his office hours. '
47 69 70 I usually try to arrive at an intuitive answer to a problem 1

before proceeding with a formal solution.

82 69 70 I resent examinations in which speed of problem solving is a
major factor.

82 77 50 Sometimes I get sick and tired of doing nothing but problems.

41 38 40 It is virtually impossible for me to do problems effectively
on Saturday night.

12 8 30 I often briefly review the day's work just before I go to bed
at night.

12 15 30 I have had practical engineering experience which has contri-

buted to my ability to solve problems.

35 15 40 Examinations in which the grade is determined entirely by the
ability to solve problems accurately measure a student's
knowledge of the course material.

65 54 30 I really get frustrated when I can't solve an assigned problem.

23 31 10 Instructors should put more emphasis on theory than on solution
of problems.

29 38 40 One of the characteristics of good problem solvers is the
ability to isolate oneself, sometimes for hours at a time.

82 54 50 Problem sessions usually clear up difficulties I may have had.

6 23 20 I have difficulty going to sleep at night when I have been un-
able to do some assigned probiems.




Group'l Instructor

Table F

Instructor Ratings %

warm=-~cold
rigid--flexible
sensitive--insentitive
active--passive

no sense of humor--good sense

uninterested in others--interested

dull--1lively
comfortable--uncomfortable
encourages discussion--no
not likeable--likeable

good teacher--poor teacher
conventional--unconventional
unhelpful--helpful
fair--unfair

open minded--close minded
no respect for students--respect
intellectually quick--slow
strong--weak

unrewarding--rewarding

SUMMARY :

23
18
47

6
12
12
47

(See Section 4)

12
6

12
18

lw

23%_ 29
23y 18
/

23
18
18

35

23

Mean

2.9
4.9
2.5
1.7
5.5
5.1
5.6
3.8
3.5
5.9
2.1
3.5
5.7
1.6
2.4
5.7
1.2
2.2

5.4

Active--good sense of humor--interest in others--1ikeable--helpful--:air--respect

for students--intellactually quick--rewarding.

Y
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Table F Continued

Ingtructor Ratings %

warm--cold
rigid--flezible
sensitive--insentitive
active--passive

no sense of humor--good sense

tninterested in others--interested

dull-lively
confortable--uncomfortable
encourages discussion--no
not likeable--likeable

good teacher--poor: teacher
conventional--unconventional
unhelpful--helpful
fair--unfair

open minded--close minded
no respect for stpdents--respect
intellectually quick--slow
strong--weak

unrewarding--rewarding

SUMMARY ¢

Encourages discussion-»flexible--sensitive--intellectually quick--respect for
students.

lo

o1

. 2

15

31

c o o o

i5

15

co

15

Group II Instructor
(See Section 4)

.3 4 5

23 3% 8 15
\\‘

8 31 3D« 15
~

23 8 15 8

15 697 -- -

/
23 #31 15 --
{\
15 8 3B>ms
38 BB - -
N
- 3 My3 8
- 384 -

loy

I~

3.8

Mean
3.8
5.0
3.0
3.2
4.1
4.6
3.9
4.2
2.7
4.7
3.9

4.8
3.5
3.1
5.2
3.0
4.1
4.1
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Table F Continued Growp III Instructor
(See Sectign 4)

Instructor Ratings 7% 0 1 .2.3..4.5.6.71 Mean
warm--cold 10 -- 10 20 /-B 10 10 44
rigid--flexible - 20 20 10 { 20 20 -- 4.0
sensitive~--insentitive - ~= 30 10 }40 -- 10 4.4
active--passive -- 30 30 --‘I\/ 10 10 190 3.7
no sense of humor--good sense -- == 10 30 t;eo 20 -- 4.4
uninterested in others--interested 10 10 20 201{ 20 10 -- 3.7
dull-1lively 10 -- 20 20 *; 40 -- -- 3.9
comfortable--uncomfortable 10 =-- 30 305( 10 10 -- 3.7
encourages discussion--no -- 10 30 20 \x‘ 10 10 10 4.1
not 1ikeable--1ikeabie 10 -- 10 20 3/{0 10 -- 4.2
good teacher--poor teacher -- == 10 30 /29\:* 30 -- 4.8
conv: ntional--uncon;rentional 10 20 20 1?.0/ 10 10 -- 3.3
unhelpful-~helpful 10 10 10 l)q 20 == .- 3.5
fair--unfair -- 30 40 10)! 10 == == 4.0
open minded--close minded — 20 30 g{) 20 - .- 3.4
no respect for students--respect 19 10 20 /2,(}' 20 10 -- 3.7
intellectually quick--slow 10 50 seo\’ —- 10 == - 2.4
strong--weak -- 20 30 \;30 - 10 -- 3.4
unrewarding--rewarding 10 10 10 20 | - == 3.5
SUMMARY :

Fairly flat--poor teacher, but intellectually quick.

©

ERIC

Aruitoxt provided by Eic:




Table F Continued 68

. Group 1T e
Mean Ratings of the Three Problem Session Instructors: Group I = v —

(See Section 4) Group III«e----

Describe your problem sesgsion instructor by placing a mark at the point.on the

scale which best characterizes him. Indicate a choice for each dimension; do

not skip any. Feel free to express your opinions.

. 1 2 3 4 5 6 7
i warm . - Gold
rigid — flexible
sensitive to class reactions insensitive to clsass
reaction
active ___ passive
ﬁ‘ no sense of humor — 8ood sense of humor

P uniaterested in others interested in others

2 dull lively

g comfortable uncomfortable

encourages discussion __discourages discussion

é? not liKeable likeable

good teacher poor teacher

/’

-f: conventional — unconventional
I unhelpiul — helpful
) fair unfair

open minded close minded

shows no respect for student shows respect for
students

. intellectually quick intellectually slow

strong weak

unrewarding rewvarding
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EXAMPLE QF INTERVIEW FORM
_ USED IN ENGRG. 42

{See Zection 6)

Name

What influence has this course had on your attitude toward electrical engi-
neering? On your attitude toward engineering in general?

Has this course contributed to your ability to solve engime:zring problems?
(If gso) How?

O0f what significance is this course with regard to your engineering career?

T Does this course relate to others you have had or will have? How?
{Particularly E.E. 41)

What do you think of the problem sets? Do they help you to learn the
material? Do you review them? How much time do they take?




