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IMPLICATIONS

The Air Force has a continuing need for measures to be used ir the
evaluatiGn of instructors' on-the-job performance. Such standards of suc-
cess in teaching are required so that the most effective instructors may
be promoted, upgraded, or given supervisory responsibility while the less
effective instru-Aora may be given remedial training or reassignment.

This Research Report describes an experimental study aimed at develop-
ing a reliable critetion of instructor effectiveness. Although the work
was done with instructors in an aircraft mechanics course at Sheppard Air
Force Base, it was anticipated that the results of the study would find
application in other courses at other bases.

Because it provides the most objective criterion so far discovered,
the effectiveness measure used was the actual subject-matter achievement
of an instructor's students, often called student gains. Since a precise
comparison of instructors in terms of student achievement is usually im-
practicarin an operational situation, an attempt was made in the study to
find other characteristics of the instructor, besides imparting subject
matter, which might be related to gains and could thus be used to predict
student achievement.

In planning the study it was necessary to locate from among Air Force
technical schools a course in which an adequate sample of instructors could
be compared on the basis of their students' achievement. This required
that the instructors should teach the same subject matter to students simi-
lar].) selected, in similar cla3srooms, with the same training aids. The
Hydraulics Phase of the Aircraft Mechanics Course at Sheppard Air Force
Base was chosen because it provided 121 instructors and because this phase
was taught in a single building arranged.with special classrooms, each
with training equipment for seven successive days of training (an eighth
day being devoted to testing). Six new classes of about 14 students each,
in three shifts, entered each first day's training. Each class was assigned
to an instructor who.moved along with his class through seven days. The
Hydraulics Phase was sufficiently short to permit each instructor to teach
two classes a month apart, which allowed the.gains of his first class to
be compared with gains of his second class.

In order to obtain student gains, a pretest was used. On the basis
of this pretest and of grades that students achieved in three previous
phases (fundamentals, structures, and electrical) the scores students would
make on a hydraulics posttest were predicted. An index of instructor ef-
fectiveness, the measure of his students' gains, was determined in terms of
whether or not his classes exceeded expectation. Besides the gains of
their students, several other criteria of instructor effectiveness were
used in the study. These included forced-choice ratings and rankings by
supervisors, rankings by fellow instructors, and several kinds of student
ratings. Other instructor measures included ratings on verbal facility and
scores on tests of hydraulics proficiency and intelligence.
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The chief results of ehe inej.tigation are the findings that student
gains can be reliably measured and that students' ratings of their instructors'
teaching effectiveness and supervisors' ratings of instructors' verbal facility
are correlated significantly with student gains.

Technical school students appear to know when they are well taught.
Their ratings of their instructors offer promise as a technique for in-
structor evaluation. Teaching which emphasizes acquisition of subject
matter may induce a favorable attitude of students taward their instructors.

The high relationship found between ratings and rankings by fellow
instructors and supervisors, together with the fact that these measures
appear unrelated to student gains, suggests that fellow instructors and
supervisors judge instructor effectiveness on the basis of factors other
than what students learn. One of these factors appears to be the instructor's
knowledge of subject matter. To obtain a completely adequate evaluation of an
instructor it may be that a multiple criterion composed of supervisor ratings,
student ratings, and student gains should be used. The study also suggests
that further more detailed investigation might be made of speech factors as
related to instructor effectiveness.

This report will be of interest to instructors and instructor-supervisor
personnel in technical training schools. The report will also be of interest
to military psychologists and to anyone confronted with the problem of instructor
evaluation.

Hq, AFPTRC
Lackland Air Force Base
San Antonio, Texas
27 May 1955
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STUDENT ACHIEVEMENT AS A MEASURE
OF INSTRUCTOR EFFECTIVENESS*

INTRODUCTION.

The present investigation was undertaken to determine whether or not
a reliable measure of instructor effectiveness in terms of student achieve-
ment could be developed. Having found such a criterion an attempt was to
be made to identify instructor measures that would correlate with and hence
could be used to predict the criterion or could be used in place of it.

The accomplishment of the mission of the United States Air Force de-
pends upon training large numbers of men in difficult and complex technical
skills, and their adequate training requires a competent, effective instruc-
tor staff. Since the Air Force constantly must replenish its instructor
corps, it is faced with three major problems, i.e., the selection of poten-
tial instructor personnel, their subsequent training, and the evaluation of
their on-the-job performance.

In selecting potential instructorg from a large group of men valid and
reliable selection measures should be used (or devised if they are not avail-
able) because they will help to insure that the right men are assigned to an
instructor training program, i.e., those men who will become effective instruc-
tors.

Standards for evaluating the instructor training programs must be found
to bring assurance that such programs are the best that can be developed for
teaching the men those skills they will need to become effective instructors.

Finally some standards of success in teaching are required so that the
most effective instructors may be promoted, upgraded, and given supervisory
jobs, and so that the poorer, less effective instructors may be identified.
In addition, the identification of instructors who are most effective will
make.it possible to study their characteristics and teaching procedures.
This information will in turn assist the Air Force in arriving at some solu-
tion of the problems involved in selecting, training, and evaluating instructors.
The present study was designed to investigate this last problem.

CRITHRIA OF INSTRUCTOR EFFECTIVENESS

The identification of successful instructors presents problems which
are neither new nor unique to the Air Force. The importance of these prob-
lems has been recognized and attempts made to solve them in several hundred
studies over the past fifty years. The criterion of instructor effectiveness

* Manuscript received 14 March 1955
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most widely used in these investigations has been same form of rating.
Usually supervisors' ratings have been used; but peer ratings, student
ratings, and self ratings have also been tried out as criteria.

While the studies appear to show that instructors can be reliably
rated, ratings still are not completely satisfactory as criteria of in-
structor effectiveness. Ratings are merely one method of estimating an
instructor's effectiveness, and there has been no way of knowing whether
or not the ratings include all (or any) of the important aspects of that
behavior. Furthermore, ratings are subject to many faults, such as the
halo effect, and the persistent attempts made to improve and refine them
have not been very successful.

Such problems have led to a search for other criteria thct would avoid
some of these deficiencies. It is generally agreed that student growth or
gains (the amount of subject matter that the students learn with respect
to their ability) is ono of the most If not the most important criteria of
instructor effectiveness. There is also general agreement that it is one
of the most difficult criteria to measure because of the many controls re-
quired to make effectiveness comparisons meanihgful. The fundamental value
of student achievement as a criterion of teaching efficiency has long been
recognized. As .early as 1921, Courtis (3) pointed out the value of student
gains for comparing teadhers with respect to effectiveness, as well as the
importance of holding the variable of class ability constant. Except for
four studies during the 1930's however, experimental work with the gains
criterion made us of relatively simple statistical controls of initial
student ability such as subtracting pretest from posttest raw scores, or of
gain corrected for one or two extraneous factors such as student intelli-
gence or previous training. The fact that initial student abilities must
be controlled statistically was apparently neglected until 1933 when Betts
(1) used student gain in reading as a criterion of teacher effectiveness
after partialling out student age, initial score, and class variance.
Bolton (2) used the ratio of mean pupil achievement to its standard devia-
tion as a measure of teachi.g effectiveness. Seyfert and Tyndal (16) de-
termined student act.ievement in terms of the mental age necessary in order
that a student of the less able of two teachers might achieve the same
score level as a corresponding student of a better teacher. Residual pupil
gain, that is, the difference between actual gain and gain predicted on the
basis of pupil factors such as initial score or intelligence quotient has
been used by Gotham (4), Jayne (9), Jones (9) LaDuke (10), Lins (11), Remmers
et al (12), Riesch (13), Rolfe (14), Rostker (15) and Von Haden (18). A
modification of this type of gaias criterion, to be discussed in detail
later, was used in the prestat investigation.

The gains criterion provides a more objective and probably a more log-
ically defensible criterion than those provided by ratings. The reported
results of gains studies, however, have shown considerable inconsistency
and thus far have failed to demonstrate the practical utility of student
gains as a criterion of instructor effectiveness.



Any determination of gain is depetdent upon the availability of valid
and reliable instruments for measuring such growth. The measures used to..
show student gain, especially in the case of some of the earlier investi-
gations were quite inadequate. Some of these studies were based on essay
type tests. Other studies were concerned with more or less inconsequential
aspects of student achievement. The reliability of the measures used usu-
ally was not reported.

The "ceiling" effects of tests used appear to have been largely ignored.
A maximum or- perfect score on a precourse test limits the amount of gain
possible. Thus, a very effective instructor whose students obtained high
precourse scores might show up poorly under a gains measure because his
students would have to "gain" very little to achieve a maximum score on the
postcourse test, i.e., they would haveblittle opportunity to exhibit gain.

In certain instances propbr precautions were not taken to eliminate
the possibility of contamination of test results or of the rating measure
used. In cases in which gains measures and rating scales were compared the
person who judged the teacher's effectixieness might also administer and
score tests to determine the achievement of the .teachers' students.

Most investigators of student gains as a measure of instructor effec-
tiveness have been confronted with sampling difficulties. 'In general, stu-
dent gain in one subject matter area cannot be compared with gains in dif-
ferent students in other areas, and often it has not been possible to secure
adequate samples of teachers all imparting the same subject matter to the
same kind of student in the same type of school situation. Consequently,
in some studies the numbers of teachers and of pupils have been so small
that any findings must be regarded as highly tentative.

If student gains are to be used as a measure of instruc-or effective-
ness it is necessary to hold constant insofar as possible, a...1, relcvant
variables other than the effects of the teaching itgelf. The instructor is
only one of many factors operating to produce changes in the students.
Variables such as interest, motivation, and aptitude, which affect student
learning, often have not been properly controlled. In addition to variables
which can be experimentally controlled, at least in part, there are other
variables which are very hard to control. Changes in student behavior in
a particular phase of instruction may be due only in part to the instructor .

presently teaching that phase. Certain aspects of the student change may
reflect the influence of previous instructors, same of whom may have had
a continuing influence upon their students. In other cases personal and
environmental factors not measured may outweigh the effects of the in-
structor's performance to such an extent that even the most refined of
statistical techniques will fail to isolate the elements of student change
for which the instructor is responsible.

Too, the instructor is called upon to accomplish many changes in his
students wl,ich are not measurable in terms of subject-matter achievement.

3
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Any measure of student gains, therefore, represents only a part of the in-
structor's total effectiveness. This particular limitation of the gains
criterion is not as applicable to the Air Force situation in which the
instructor's chief concern is the imparting of course materials of a tech-
nical nature as it is in a civilian school where attitudes and other ob-
jectives which are difficult to measure are emphasized.

If iecan be determined that studentb of one instruCtor make greater
gains than do those of another instructor, the problem still remains to
determine what behaviors, traits, or characteristics of the successful in
structor are responsible for the changes produced in the students. Since
the operational use of the gains criterion is in many cafies impractical,
more easily obtained correlates of this criterion may be determined and
substituted for measures of student gains. Such simple measures may then
be used for evaluative or predictive purposes.

DESIGN OF THE RESEARCH

In planning this study particular attention was given to selecting
from among all Air Force Technical Schools the course or courses in which
an adequate sample of instructors could be compared on the basis of their
students' achievement. This required that the instructors should teach the
same subject matter to students similarly selected, in similar classrooms,
with the same training aids. Courses in several of the larger technical
schools we.re canvassed. From these the Aircraft nechanics Course at
Sheppard Air Force Base was selected, and from this course the Hydraulics
Phase was chosen as best fitting the requirements of the study. This phase
was taught tn a single building in which two rows of classrooms were ar-
ranged on either aide of a central corridor. On each side, the first class-
room had training equipment for the first day's training, the second class-
room had equipment for the second day's training and so on for each Of the
seven days of training in the phase. Every week day six new classes of
about fourteen students each entered the first day of training, two classes
on each of three shifts. Each class was assigned an instructor who moved
along with his class through 'the seven days of training. The eighth day
was devoted to written and performance testing over the subject matter of
the seven previous days. The instructor did not participate in the testing.
Since the school was using two instructors pez class in the hydraulics
phase, 121 instructors were available. During the present investigation,
however, only one instructor per class was used so that the effects of his
teaching would be isolated.

Because the hydraulics training phase lasted only eight days (includ-
ing the testing day), it was feasible to duplicate the experiment, thus ob-
taining data based on two classes for each instructor. The correlation
between the gains of the instructors' first class and of their second class
(taught approximately a month later) was used in determining the reliability
of this measure of instructar effectiveness.

4



DESCRIPTION OF VARIABLES USED

Student Variables

The most important of the student measures was the posttest. A special
posttest had to be developed for the experiment because the content of
written tests previously used in the Hydraulics Phase was too likely to be
known to the instructors, and the many easy items in these tests tended to
'introduce.ceiling effects.

In developing the.written.hydraulics posttest to be used-with the ex;-
perimental student groups six 50-item tentative pgsttests were constructed.
Each was administered to approximately 84 airmen in order to determine which
items fell within a predetermined difficulty range of 30% to 70% passing.
(The scores of these tentative tests were used by ehe Hydraulics Branch in
determining the written portion of the phase grade thus insuring high stu-
dent Motivation.) In constructing these tests 205 discrete four-choice
items were used. Some 95 items were revised and retested on the basis of
results of sequential item difficulty analysis. In the course of developing
items two members of the research team sat in as students in the hydraulics
classes. All items were subjected to rigorous scrutiny by supervisors in
the Hydraulics Branch.

A final test composed of 75 items which satisfied the conditions of .

the experiment with respect to difficult adequacy of incorrect alterna-
tives, and internal consistency was assembled. Four forms of this test
containing identifical items but with varied order of items and/or alterna-
tives were prepared in order to reduce the possibility of compromise of the
key. That the compromise was successfully eliminated was shown by the fact
that mean class scores of subsequent clas.es did not increase beyong chance
expectancy throughout the course of the experiment. This 75-item multiple
choice hydraulics posttest was administered to all students 'in the experi-
mental group as their final written test in the Hydraulics Branch. All pre-
and posttests were administered and scored by research personnel and were
not seen by any hydraulics instructor.

The regular hydraulics performance examination, a nonwritten job-sample
type test, used by the Branch was used in this study. It included checking
units for internal leakage, identifying units and fittings, and making
operational checks of various hydraulics systems. Each student was required
to complete 10 of the 28 performance items available. The time varied from
10'to 30 minutes per item, the total practical test time being about four
hours. Hydraulics instructors trained in the administration of the perform-
ance test were used as examiners. In no case, however, did a class instruc-
tor test his own class. Each item was graded from one to five points,
examiners being provided with a grading guide which listed the number of
points allotted for each step completed satisfactorily. In determining
final performance grades, total raw scores of the performance test were con-
verted to T-scores.

5
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If the instructors were to be evaluated on the basis of their students'
achievement, then the initial ability of all instructoro' classes had to be
considered. In the Air Force situation where che Meghanical Aptitude In-
dexes of students vary from 4 to 9 it cannot be certain that classes taught
by different instructors are of equal ability. Since matching of students
to insure classes of approximately equal ability presented almost insur-
lziountable difficulties, it was decided to try to make adjustments statisti-
cally rather than experimentally. For this purpose a special pretest of
student knowledge about hydraulics was developed and administered to all
students before they entered the Hydraulics Branch. Since the period of
inatruction in hydraulics was only eight days, the use of identical or even
similar pre- and posttests to measute student gain might have introduced
considerable memorization and practice effects. Therefore, the pretest was
composed of items appropriate for students who had had some experience with
the subject matter to be taught but had not been exposed to the specific
course subject matter. It contained items pertaining to the background
knowledge and theory required for learning the phase content as contrasted
with the posttest which consisted of items covering specific subject matter
information expected of students who had just completed the phase. The
content of the pretest was selected to correlate maximally with the post-
test, but was not equivalent to it.

In constructing the pretest 211 four-choice items were tried out, many
of these being revised and readministered. In the course of making the
preliminary item difficulty analysis by sequential. p.voced .,s, 25 different
tentative 20- to 25-item pretests were given to a total ot o,3 students
before they had entered the Hydraulics Branch. The items were chosen from
examinations that had previously been used in the Branch or were suggested
by knowledge of hydraulics, physics, or mechanics that students might have
learned before entering the Aircraft Mechanics Course. On the basis of the
item difficulty analysis a 75-item pretest was assembled. After statistical
determination of internal consistency and item validity as determined by
correlatkan with the posttest scores this was reduc,w; to 65 items, and four
forms were constructed in a manner similar to that of the posttest. The
pretest was then administered to all students in the experimental group
during the last day ofthe Electrical Branch immediately prior to their
entry into the Hydraulics Branch. Students used in the item analysis of
the pre- and posttests took no further part in the experiment.

Other student variables used included three final grades, one each
from the Fundamentals, Structures, and Electriral Branches, the three pre-
vious phases of instruction in the Aircraft Mechanics School. Aptitude
indexes, the standard composite classification scores described by Gregg
and Gordon (1950) were obtained from the students' record card. However,
preliminary analysis showed that these indexes did not increase the mul-
tiple correlation between the other predictor student variables and the post-
tests. Accordingly aptitude indexes were not used in the final analysis.

6
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Instructor Variables

Supervisors' ratings of the hydraulics instructors were obtained by
means of the Instructtr Description Form-C, (7) the form officially desig-
nated,by the Air Training Command to be used in rating AF technical school
instructors. The "forced choice" part of this form consists of 29 four-
item blocks, the rater being required to choose in each block two statements
which best describe the instructor being rated. A graphic scale is also
included on the Form-C. This consiets of nine behavioral categories on
each of which the supervisor rates the instructor as compared with other
instructors (1) generally weak, (2) somewhat lacking compared to others,
(3) compares favorably with others, (4) considerably better.than most,
(5) one of the best. The graphiu scale was scored by assigning weights of
zero to four to the five categories and then summing over the nine.areas
rated to yield a single score per instructor. The scoring of Form-C is
described by Highland und Berkshire (7). In addition, supervisors wtre re-
quired to indicate the area in which the instructor was strongest, second
strongest, and third strongest and the area in which he was weakest, second
weakest, and third weakest. Shift supervisors also were asked to rank-order
on a roster the approximately 40 instructors on each of three shifts in
terms of their "general effectiveness." Each instructor received a T-score
based on rank and group size.

Hyiraulice instructors were asked to rank-order their colleagues on
the same shift in terms of their effectiveness as instructors, omitting
those whom they did not know, well enough to rank. The rankings were done
anonymously. Mean ranks were obtained and converted to T-scores.

Just befor.1 taking their final phase examination students rated their
instructors as outstanding, very good, good, or poor or unsatisfactory, on
each of four qualities of behavior: (a) knowledge of subject, (b) teaching
methods, (c) understanding of students, and (d) as a personal friend. They
then rankd these four qualities in the order of their instructor's relative.
.strength in them. Students also were.required to make an "over111" rating
of their instructor by indicating wtiether or not "they felt they were for-
tunatt in having had this instructor." In subsequent portions of the
report, Cae student rating of instructors is referred to.as the "student
graphic rating," and the ranking of qualities is called the "student forced
choice rating." The instructors were scored separately on each of the four
qualities by averaging over students of the two classes to produce a mean
score on each quality.

The Wonderlic Personnel Test was used as a measure of instructor gen-
eral intelligence. This test consists of 50 items and has a 12-minute time
limit. The score was the number of items right.

Subject matter knowledge was measured in terms of the Basic Knowledge
Proficiency Examination, Airplgne Hydraulic Mechanic, Experimental Form -
104X-4 as devised (iarch, 1951) by the Proficiency Analysis Division of the
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Technical Training Research Laboratory. This test consists of 125 multiple
choice items arranged to be used with an IBM answer sheet. Of these items
122 were five-choice and 3 wstre four-choice items. The instructors were
allowed all the time they wished in answering this test. The score was the
number of correct answers.

Verbal facillty ratings were obtained by having six supervisors (no
members of the Hydraalics Branch) rank-order (in groups of six) individual
instructors on their organization and presentation of special material Which
they had been allowed to prepare for 15 to 20 minutes. Simnitaneous tape
recordings were made of the presentations for further analysis. Verbal
facility scores were determined by averaging the ranks assigned by super-
visors and converting to T-scores.

Three instructor persónalAt,,v1y umsercs'and three observation check lists
were also used. The evaluati W ait elmea:eures requires extensive item
analysis which has not yet be2 coMpiroad Results obtained from these
measures will be given in a lat,ty repel*

""'----,/

RESULTS

In addition to the other instructor variables three scores which will
be referrei to as instructor effectiveness scores were determined. These
scores are based upon the average student posttest scores adjusted for dif-
ferences in the average pretest and aptitude scores.

The statistical procedure used to estimate the adjustment to be made
to posttest scores to compensate for original aptitude and ability is de-
scribed at length in the Appendix. Briefly, the adjustment was based upon
a multiple regression equation computed fram within instructor and between
classes variances and covariances. Two different effectiveness scores were
co Tnted for each instructor: one based upon the written posttest and one
upon the perforMance posttest. Since these scores have variances of similar
magnitude and lack a basis for arbitrary weighting a combined effectiveness
score was obtained by adding these scores without weighting. The relia-
bilities of instructor effectiveness scores were estimated from the cor-
relation between scores based upon the achievement of the first class and
those based upon the achievement of the second class. These are presented
in Table 1.

Criterion Intercorrelations

The correlation coefficients shown in Table 2 are based on 106 instructors.
With this sample sik.e a coefficient of .253 is significantly different from zero
at the .01 level of confidence while .192 is significant at the .05 level.



Table 1

Reliability Estimates of Student Gains

106)

r
a

Written gains -- First class vs. Second class
. 34 .51

Performance gaini -- First class vs. Second class .32 .48

Combined written and performance gains -- First class
vs. Second class .38 .55

a
r adjusted by Spearman-Brown formula for double length; thus, repre-

sents estimate of reliablity when two classes are used to obtain an effec-
tiveness score.
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Table 2

Intercorrelations of Criterion and Predictcr Variables
a

Variable 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 Student gains -- Total 88 88 40 46 47 28 09 18 -22 00 -36 13 11 12 16

111112 Student gains 55 7,9 41 42 26 00 22 -19 08 -22 14 12 12 07
Performance

3 Stndent gains -- Written 32 41 41 24 16 11 -20 -07 -40 09 07 09 20

4 Students' over-all rating 86 64 76 24 53 -34 61 -53 18 18 18 07

5 Students' rating-- 72 77 22 56 -35 55 -59 19 21 18 03
Teaching ability (G)

6 Students' rating-- 40 -18 35 -35 22 -47 19 15 17 01
Teaching ability (FC)c

7 Students' rating-- Understanding
of students (G)

59 44 -44 69 -53 09 14 07 09

8 Students' rating--Understanding
of students (FC)

14 -53 34 -27 -22 -14 -24 15

9 Students' rating--Knowledge
of subject (G)

33 /9 -58 31 30 27 03

10 Students' rating--Knowledge
of subject (FC)

-47 -18 26 24 24 -08

11 Students' rating--as a friend (G)12Students' rating--as a friend (FC)

-08 ,02

-25

04

-27

01

-19

13 Peer ranking 77 52 11

14 Supervisors' ranking--Form C 67 11

15 Supervisors' (FC) rating--Form C 10

16 Verbal facility rating

17 Hydraulics Proficiency Test

18 Wonderlic Personnel Test

17 18

-04 00

-16 -.12

08 11

-05 01

-07 01

-06 -05

-15 -06

-27 -06

19 02

43 12

31 03

23 05

25 15

03 23

44

i 7



As shown in Table 2, three student gains criteria of teaching effec-
tiveness were used. These were based on the written posttest, the perform-
ance posttest and a combination of these tests. The written and perform-
ance posttests were correlated .55 and each of these when correlated with
the total measure yielded and r of .88.

Criterion Validities

Student Ratings

Students' over-all rating of instructors.was correlated significantly
with all three of the gains criteria (written r = .32, performance r = .39
and total gains r = .40). Slightly higher Correlations were found for stu-
dents' graphic and forced choice ratings of instructors' teaching ability,
the r's being .41, .41, and .46, respectively, for the graphic and .41,
.42, and .47,for the forced choice with the three gains criteria.

Students' graphic ratings of instructors' understanding of students
were correlated significantly with the three gains criteria (r's = .24,
.26, and .28) but students' forced choice ratings of instructors' under-
standing failed to correlate significantly with any gains measure.

Students' graphic ratings of instructors' knowledge of subject were
correlated significantly only with the performance gains criterion

= .22). Students' forced choice ratings of instructors' knowledge of
subject showed, a significant negative correlation with written gains

-,20) and with the total gains criterion (r., = -.22).

Students' graphic rating of the instructor as a friend was not sig-
nificantly correlated with any of the three gains criteria, while their
forced choice rating of the instructor as a friend was correlated'hegatively
with all three gains criteria (E's = -.40, -.22, and -.36, respectively).
The negative correlations found-4.n the case of the forced choice ratings
probably represent an artifact due to the requirements of forced choice
rating. The sum of the correlation coefficients of the four forzed choice
student ratings with an outside variable should approximate zero because a
high score on one trait is compensated for by a low score on another trait.
As pointed out by Thomson (17, P. 304) and others, among. n variates the
limit of the average correlation in the negative direction is -1/(n-1).
The magnitude of the negative correlation to be expected here .under the
simplest assumption possible would, therefore, be of the order of r = -.33.
The negative correlations observed thus seem logically attributable to
'artifact.

Since these results were encouraging, the reliablity of student
ratings was estimated by computing the correlation between instructor
ratings made by the first class. and by the second class. These results
are shown in Table 3.
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Table 3

Reliability of Student Ratings

r
a

r
bStudent Rating

1. Fortunate in having this instructor .26 .41

2. Teaching ability (Graphic) .34 .51

3. Teaching ability (Forced choice) .32 .49

4. Understanding of students (Graphic) .26 .41

N
5. Understanding of students (Forced Choice) .42 .60 \-,

N,
6. Knowledge of sUbject (Graphic) .33 .49

7. Knowledge of subject (Forced choice) .32 .49

8. As a friend (Graphic) .18 .31

9. As a friend (Forced choice) .21 .34

a
Correlations between mean ratings by first class and second class

b
r adjusted by Spearman-Brown formula for double length

However, the high correlations between student gains and' student
ratings could be accounted for by factors specific to the student or to the
class situation with little reliability over time. To test this possibility
the correlations between first class student ratings and second class gains
and vice versa were determined. Results are shown in Table 4.

As can be seen from Table 4, these cross correlations are smaller than
those shown in Table 2. However,.the correlations between second class
rating and first class gains for the more valid measures .continued signifi-
cant. Unfortunately, the other set of correlations fails to show this
consistency. Possibly the true value of teh correlations lies somewhere
between the two. If so, some real validity can be attributed to the student
ratings.

Peer Ratings and Supervisor Ratings and Rankings

Neither peer rankings nor supervisor ratings nor rankings were corre-
lated significantly with any of the three student gains criteria.

v
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Table 4

Correlations of Student Ratings of Instructors with Combined
Written and Performance Mean Gainb

Student Rating of Instructor Graphic r Forced Choice r

1. .25Teaching ability .08

2. Understanding of students -.05 -.04

3. Knowledge of subject .09 -.09

4. As a friend -.12 -.13

5. Over-all student rating .09

2nd Class Student Rating vs. 1st Class Gains

6. Teaching ability .34 .25

7. Understanding of students .26 .25

8. Knowledge of subject ..14 -.21

9. As a friend .15 -.08

10. Over-all student rating .29

Other measures

Verbal facility ratings correlated significantly with the written
gains measure (r. = .20) but with neither of the other gains criteria.
Neither the Hydraulics Proficiency Test nor the Wonderlic Personnel Test
were correlated significantly with any of the student gains criteria. We
see, therefore, that student ratings of their instructors were the only
instructor measures which seemed to predict the student gains criterion.

Intercorrelation of Student Ratings

All student rating variables tended to be highly intercorrelated with
the students' forced choice rating of the instructor as a friend and their
forced choice rating of instructor's knowledge of subject matter tending to
give significantly negative correlationi. As explained above thesd negative
correlations were probably artifacts of the forced choice rating technique.

12



Intercorrelations of Peer Rankings and Supervisor

Ratings and Rankire.

Besides the studsnt ratings, three other instructor rating or ranking
measures were used. These were supervisors' Form C rating, supervisors'
ranking, and peer ranking. The two supervisor measures when correlated
yielded a coefficient of .67. Supervisor Form C ratings were correlated
with peer ranking (r = .52) while.supervisor ranking and peer ranking gave
rise to a correlation coefficient of .77. This high correlation found be-
between supervisor and peer rankings coupled with the fact that neither of
these measures correlated highly with the student gains criterion suggests
that supervisors and peers judge instructors on the basis of factors other
than teaching effectiveness as measured by the gains criteria. As will
appear in the next section, one of these factors seems to be instructors'
knowledge of subject matter. We thus see rather close agreement between
peer.and supervisor opinion but fellow instructors and supervisors agree
only slightly with student opinion. This latter finding has been reported
by Guthrie (6) and other investigators.

Intercorrelations of Verbal Facility, Subject Matter,

Knowledge, and Intelligence Measures

Verbal facility was correlated positively with scores on the Wpnderlic
Personnel Test (Ir = .23) but with no other instructor measure. There was
a correlation of .44 between Wonderlic Personnel Test scores and scores on
the Hydraulics Proficiency Examination. 'A correlation coefficient of .43
was found between scores on the proficiency test and students' forced choice
rating of instructors' knowledge of subject matter and an r of .19 between
the proficiency test and students' graphic rating of instrlctors' knowledge
of the subject. There was a negative correlation (r = -.22) between the
proficiency test and students' graphic rating Of the instructor as a friend.
The correlation between the proficiency test and students' forced choice
rating of the instructor as a friend was not significant. Students' forced
choice rating of the ihstructors' understanding of students also cor7elated
negatively (r. = -.27) with instructors' proficiency test seores. Here
again, these negative correlation coefficientq are due to the forced choice
techniqe used.

The variables may be thought of as falling into several "clusters": a
gains cluster, an intelligence-verbal facility cluster, a peer-supervisor
ranking cluster, a knowledge of subject matter cluster, and a student rating
cluster. The latter clusters appear to share more variables aith each other
than they do with the peer-supervisor ranking cluster. Intercorrelations
among the variables, however, suggest that same variables seem to be,in-
volved in more than one cluster. For example both peer rankings and Itiper
visor ratings and rankings are related to students' forced choice and
graphic ratings of instructors' knowledge of subject matter. Peer rankings
and supervisor ratings and rankings are also correlated with instructors'
scores on the hydraulics proficiency test.
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SUMMARY ANO CONCLUSIONS

1. Student gains can be reliably measured. It has beenbdemonstrated
that the gains measure has some reliability. The reliability obtained,
however, was not comparable to the reliabilit3 of such pyschometric instru-
ments as the conventional intelligence tests.

2. Little relationship between student gains and instructor test
scores has been found.

3. Little relationship between supervisor or peer estimates of in-
structor effectiveness and student gains was shown.

4. Students appear to know when they are well taught.

5. If reasonable precautions can be taken to preclude student evalu-
ation of instructors from becoming a popularity contest ormere guesses at
the instructors' ability, student ratings offer promise as a techniqe for
instructor evaluation.

6. Teaching which maximizes acquisition of subject matter may induce
favorable attitudes of students toward their instructors.

7. The high correlations found between peer and supervisor rankings
plus the fact that neither of these measures correlates highly.with the
student.ga.s.ns criterion suggests that peers and supervisors judge instruc-
tors on the basis of factors other than teaching effectiveness as measured
by student.gaini. .0ne of these factors appears to be subiect matter knowl-
edge:

8. Students' ratings of instructors' subject matter knowledge pro-;
duces significant correlations with instructors' proficiency test scores.

9. The correlation between gains.on the written and practical tests
indicates that they have about 25% common variance. These measures show
a logical patterning of correlations with other measures. This rather
definitely implies that gains scores are specific to the type of posttest
used.

10. The correlation between verbal facility rating of the instructor
and the student written gains criterion while not high was significant (at
the .05 level) and suggest further investigation of speech factors as
related to instructor effectivenesa.
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APPENDIX

The estimation of the contribution made by an instructor to the
achievement test scores of his students becomes more accurate as the other
factors affecting posttest scores are better controlled. Controls used in
this study may be roughly grouped into three categories: experimental con-
trols, sampling controls, and statistical adjustment. Experimental controls
have been described earlier and will not be discussed here. (See the sec-
tion Design of the Research.) Control by sampling in relation to student
variables may be achieved by any of the following procedures: (1) the stu-
dents of one instructor are matched one by one with the students of another
instructor, the error being inversely proportional to the degree of rele-
vance of the matching variable; (2) students taught by each instructor are
a random sample of all students and a large number of students are taught
by each instrUctor, error variance being inversely proportional to the number
of students; or (3) each instructor teaches a random sample of classes with
error variance inversely proportional to the number of classes. .0f these
possibilities; the only one that was feasible in this study was the third.
Students in different classes could not be matched because of administrative
difficulties no could they be logically assumed to be a random sample of all
students. As a check, a rough statistical comparison of all experimental
classes showed that the differences between classes were greater than Could
be accounted for by chance. However, each instructor taught two classes
which were presumed to be a random sample of all classes: Inspection of
class means..showed neither a steady nor cyclical change aver time; the two
classes taught were spaced about a month apart; the correlation between class
pretest mean scores for the first and second class to be taught be the same
instructor did not differ from zero more than would be expected by chance.
Thui, the two classes taught by an instructor were presumed to be a random
sample of all classes.

The third type of.control used in this study was that of statistical
adjustment. In this procedure a weighted estimate of the initial ability

. of the student as determined by a composite of various available scores
was subtracted from the posttest score. Since there was available a vari-
ety of scores from which initial student ability and aptitude were,esti-
mated, Since the predictors*did_not account for all factors other ttian
instructor differences and since the units of measurement for predictor
scoxes were not necessarily comparable to that of the posttest, it was
decided to determine the weights to be assigned to the initial student
score by a multiple regression equations However, two considerations pre-
vented direct tomputation of the regression equation. One was that post-
test scores were partially determined by the differences in instructor
effectiveness. In fitting a regression equation to these scores, chance
variability in the predictor scores, not due to the instructor, would be
fitted to variability in the posttest scores that was due to instructor
difference thus suppressing thilactor to be measured. A second consider-
ation was that although variance 'was-greater between classes than within
classes for both previous phase grades and posttests (as would be expected
since members of a class had had cammon experiences), correlations between
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phase grades and posttests were higher when computed between students than
when computed over class means. This could be explained by the fact that
each of these measures was obtained, for all members of a class under nearly
identical situations. Since situational factors vary more between classes
than within classes these factors attenuate the between class correlation.
Instructor scores are based on total class performance; therefore an esti-
mate of correlation based on within-class variances and covariance would be
an overestimate whicKwhen applied to interclass difference would. aver-

.correct for initial differences in ability.

In light of these considerations it was decided to compute the regres-
sion equation using between class but within instructor variabces and co-
variances. Since each instructor taught two classes the number of degrees
of freedom available.for computing these values was equal to the number of
instructors.

If the mean scores for predictor A are represented by Al for the first
class and A, for the second class, the correlation between A and B, any
other variatle, can be estimated for within instructor between class vari-
ances and covariance as follows:
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This procedure was followed for each pairing of six variables, namely, the
three previous phase grades, the written pretest, and the written and per-
formance posttests. The obtained correlations are shown in Table 5. .From
this table, two regression equations were computed: ,one to predict the
written posttest andone to predict the performance posttest. 'From these
equations predicted posttest scores were computed for each of the 212'
classes. The differences between the predicted and'actual posttest scores
for the two classes taught by an instructor were summed and this sum was
used as the instructor effectiveness score. The procedure used to deter-
mine the correlations upon which the multiple was based capitualizes on
chance relationships to increase the' reliability obtained. Hawever, as
explained earlier, other procedures would result in distortion of the de-
sired score.

Figure 1 is a schematic diagram which shows the breakdown of posttest
variance and suggests the procedures used to isolate estimates of'instructor
effectiveness. No attempt has been made to conitruct the diagram in pro-
portion to the actual findings but rather to include components essential
to the planning of the analysis.

In Figure 1 Block A shows posttest variance separated into common
variance (posttest variance shared with the student predictor variables),
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C.

specific reliable variance and error variance. Block B represents a break
down of posttests variance by sampling units namely: within class, between
classes but within instructors, and between instructors. Block C represents
a combined breakdown obtained .by superimposing,A upon B. In this diagram
we can also place a component section representing the situational bias in
the within class situation. Also in Block C the posttest variance that is

Table 5

Intercorrelations of Student Variables and
Regression Weights

1. Fundamenttls, phaso, grade
1 2 3 4

2. Structures, phase grade .478

3. Electrical, phase grade .366 .342 -

4. Written pretest .492 .558 .315

5. Written posttet .431 .507 .349 .540

6. Performance posttest .459 .343 .291 .415

B weights for written posttest .388 .136 .229 .218

B weights fot performance posttest .132 .264 :244 .109

actually attributed to instructor differences as shown. It includes all
posttest variance indistinguishable from the true instructor effects by the
procedures of the analysis. As would be expected, it is determined from
between instructor variance. As showu in Block D it includes predictor
error, true specific posttest variance, posttest error, as well as variance
due to true instructor effect. The first three, however, are presumably
independent of the instructor effect and uncorrelated between classes.
Thus, an increase in the number of classes taught by each instructor would
lead to a greater saturation of the estimated instructor effectiveness.with
variance due to true instructor effect.
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A. Posttest Factors

Predictable
Factors

-

Predictor

,
Error

Specific and
Lnstructor Effect

Posttest
Errors

.

B. Posttest Variance by Sampling Unit

Within Classes

Between Classes Same Instructors

Between Instructors.

C. Posttest Factors by Sampling Unit

Situational Variance

11

1

f

1

1

Variance of Instructbr Scores
1

%

41. Variance of Instructor Scores

Predictor True Trve Specific Posttest
Error Instructor Posttest Error

Effect. Variance

Fig. Components of posttest variance. ("C" is "A" superimposed on
"B".
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