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SUMMARY

The Psychology Department at Earlham College, as a part of

its continuing efforts to evaluate and improve the teaching

of scientific methods in psychology, has begun developing a

paper and pencil objective instrument by which it can evaluate

different methods of teaching in the laboratory. As a part of

the first stage of evaluating two different methods of teaching,

further studies were run on developing this criterion instru-

ment during the academic year in 1967-68 under an Office of

Education grant.

During the fall term preliminary forms of the Experimental

Method Test (EMT) were given to Introductory level psychology

students as well as a number of advanced students. The results

of this preliminary testing led to the development of a second

form of the test which was evaluated over a number of groups

of students at Eariham and Syracuse Universities during the

second half of the year.

The results of the final form of the test seem to indicate:

(1) that the test may be a good discriminator among groups of

students who have differing backgrounds of knowledge of

scientific method and (2) that the test, in the only pre and

post test comparisons available, appears to discriminate very

well, changes in students as a function of having had training
orientated toward scientific method. However, the present
evidence indicates that the test functions relatively poorly

as a discriminator among individuals in a group, especially if

that group is relatively homogeneous and is at an advanced

level of knowledge in this field.

It is suggested in conclusion that: (1) the test in its present

form will serve quite adequately to discriminate between ,groups,

of students who are taught scientific method by two different

techniques and (2) that further development of the test ought

to involve factor analysis to discriminate among sub-scales

and the production of more items so that the test could be

lengthened, parallel forms could be offered, and items of

greater difficulty could extend the range of the test in

discriminating among individuals.



INTRODUCTION

Over a period of two years the Earlham College Psychology

Department has worked on the development of a diagnostic-
evaluative paper and pencil instrument to be used in con-
junction with its Introductory Psychology laboratory. The

need for this instrument was twofold: (1) Because the

student. entLxing Introductory Psychology at Earlham College

range from freshmen with no college experience to seniors

majoring in other natural-sciences, we have needed some way

to evaluate understanaing of scientific procedures so that

the laboratory experience could be adjusted to the student's

level of competence $110;: (2) because we have been very
intereateld in studying different methods of teaching the

laboratory aspect of the Introductory course, we have needed

an evaluative instrument separate from the actual grading

in the course or students' comments to provide some objective

standard against which various techniques could be measured.

In line with this second objective, a proposal was sub-

mitted to the Office of Education in the spring of 1967 to

study two techniques of teaching scientific method in the

Introductory Psychology laboratory. As a part of this
proposal, an early form of the Experimental Method Test (EMT)

developed here at Earlham was proposed as an evaluative

instrument. In the negotiations concerning how this experi-
ment ohould be carried out, it was finally decided that the
investigation should proceed in two phases. The first phase

vonl! involve further development of our laboratory test
so that it could be shown, to be an effective measuring

instrument. After this we would resubmit our proposal to

study the actual processes and end results of the. two methods

of teaching in the laboratory.

While our original proposal for the development of this test

suggested .a grant period to cover one calendar year and a

large enough budget to evaluate the test over a number of

different student populations, the final agreed upon grant
period was eight months and the final budget figure was too
small to involve a significant number of students beyond th,.,1

Introductory Psychology laboratories at Earnests

Working within these limitations we decided that the major

focus of the development of our instrument would have to be

limited to the students in the Introductory Psychology labor-

atory at Earlham (about two hundred students in a year). We

planned also to evaluate the instrument using whatever.

other outside groups we could, to insure that the instrument

was not too closely related to the particular way we teach

Introductory Psychology here at Earlham.

- 2



METHODS

Thr form of test which we set out to develop during the period
of this grant was specifically designed to evaluate different
methods of teaching scientific method in the laboratory at
Earlham College. This evaluation of the instrument should be
confined to these purposes since the test criteria we set im-
posed several constraints on our work in developing the test.
First, we needed en instrument which would be short enough to
be administered in one hour and yet would cover a variety of
topics which might be included under the heading of scientific
method.* Second, the purpose of the test was not so much to dis-
criminate among Students as to provide an instrument for die.-
criminating between groups and changes of scores in a group from
pte to post laboratory testing. In line with these goals, we
began rewriting the existing form of our Criterion Test during
the summer of 1967. The various forms of the test have con-
tained about 50 items which we have found to be easily adainist-
ered in the one hour laboratory session.

During Term 1 of 1967 (September through December) , we administ-
ered tle first form of the Experimental Method Test (EMT1). on
the first day of class. The results from this administration
of the test were item analysed and a new form, of the test was
developed utilizing items which showed good difficulty and
discrimination levels, rewriting other items and developing
now items.

The population on which the first form of the EMT was developed
consisted of 112 introductory level psychology students, a
group of senior psychology majors (N-28), and an experimental
section of an introductory biology laboratory (N -22). At the
end of Term 1 in December, the second form (EMT2), was given
to all Introductory Psychology students as a part of the final
examination. Because the test had been changed radically from
its original form, no pre and post comparison scores were pos-
sible on this group of students.

The second form of the test '('EMT2) was given as a pre test on
the first day of class (January 1968) in the second term to 81
Introductory Psychology students, This group was composed of
60% freshmen, 22% sophomores, 102 juniors and 6% seniors at
Earlhan College The average verbal SAT score for the group
was 570.2 and the average mathematic SAT score for this group
was.588.9.

The instructions given the group taking the test, were that this
was a diagnostic test to be used by the staff to find out what
aspects of the laboratory work the student already kns! It
VAS emphasized that there would be no grade given on this test.
No indication was given that we contemplated later regiving a
version of this test at the conclusion of the laboratory
experience.
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The third form of the test (the EMT3) was given as a part of
the final examination at the conclusion of the course in March.
The EMT3 differed from the EMT2 only in the addition of three
more items. All pre and poet comparisons between the two tests
were made between the EMT2 and the sub-scale of items on the
EMT3 that corresponds. All internal estimates of reliability
on the two forms of the test, however, are made using all items
on each of the two forms.

The students learned that we would give the EMT3 as a part of
the final examination only during the last week of class and
no test or pre-information concerning the content of this
aspect of the final examination was given to them. Eighty
students took this form of the test and of the material complet-
ed we were able to develop comparable data for a group of 74
students on both pre and post tests.

Our previous experience in giving the EMT2 at the end of Term
1 indicated that merely requiring the students to take this
test during the final examination period led to such low levels
of motivation that many students completed the teat without act-
ually spending much time looking at the items. Toccounteract
this tendency to rush through the examination we indicated to
the students that this part of the examination would count five
extra points towards their total grade' if they -achlevftd a score
of 35 or more out of the 50 items. No points were given and no
penalty was assessed if they scored below that level. While
this device certainly may have slightly heightened the moti.,
vattin of the students in taking the post test, the relatively
low pay-off probably did not have a significant influence.
The five points, if the students received they, would have
mounted less than 6% of the final examination grade and less
than 2% of the total grade of the course. Thus, while we cannot
..argue that the motivation of the students in taking the pre and
post tests was exactly identical* it seems unlikely, under the
circumstances, that the students spent any significant extra
time in studying for the post test and the grade pay-off pro-
bably only ensured that the students took the test seriously
rather than rushing through to fill out their answer sheets..

While the major focus in developing the ENT was on the Earlhau
Introductory Psychology student populations we tried in a
number of ways to sample other populations to ensure that the
test was not totally linked to the particular content which we
teachin our Introductory Psychology Laboratory.

.EASTERN INDIANA CENTER EVENING. STUDENTS
Pre and post test (EMT2 and EHT3 were administered to an
evening class of students in Laboratory Psychology. This
course, which is the second level course taught at Indiana
University, is the first acquaintance with laboratory aspects
of psychology these students would have had* These students
(N.20) in this evening class tend to be more variable in age,
academic ability, and background than Earlha day students.
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EXPERIMENTAL PSYCHOLOGY
A single form of the test (EMT3) was given to the second level
class in psychology at Earlham. These students range from
sophomores to seniors and have typically had one or two psych-
ology courses before taking Experimental Psychology. While all
the students in the class took the test, the results were con-
sidered only on students who bad had no previous contact with
this test (N=13) in Introductory Psychology.

EDUCATIONAL THEORY AND CURRICULUM
A single administration of the EMT2 was given to a senior
level class of education students (N=20). These students in
general would have had little contact with laboratory aspects
of psychology, although most of them would have had at least
one psychology course.

EARLHAM COLLEGE SENIORS
At the end of the final examination period in June we attempted
to sample the entire population of seniors graduating from
Earlham College to determine if students in various majors
having different numbers of science courses achieved different
scores on the EMT. We obtained a relatively small sample (N=51)
which we could not reliably break down by majors. This sample
is probably also biased since taking the test was voluntary
and the students knew that this was a test of scientific know-
ledge.
SYRACUSE UNIVERSITY. INTRODUCTORY EXPERIMENTAL PSYCHOLOGY
Through the cooperation of a graduate student at Syracuse
University, we were able to give a different form of the test
(Test of Experimental Knowledge-TEK, developed from our form
EMT2 at Syracuse) to a beginning level class in Experimental
Psychology. The test was given midway in the course and did
not count toward the course grade. The students in the course
(N=79) probably had a greater range of student ability than
the population sampled in the Introductory level class at Earlham.

RESULTS

Any evaluation of the results of the administration of the
final forms of the EMT need to be made within the context of
the purposes of that test. Because we intended to produce a
relatively short instrument, the final form of the EMT (see
appendix), comprised only 46 four alternative multiple choice
items and one four choice item scored as four true-false
decisions. This means that the scores fell 0.thin a restricted
range (a total of only 50 points) and that thiir relatively small
group of items had to cover what probably amounted to two and
perhaps as many as four sub-scales. In the development of the dm I

test, we attempted to produce sots of items which were related
to: (1) identification of problems and recognition of appropriate
hypotheses, (2) recognition of assvaptioilk and weakness of
experimental design, (3) identification of experimental variables
in terns of how they function, (4) measurement of outcomes and
evaluations of various measuring techniques.

The probable lack of homogeneity of items, the restricted rants

-5 4.



of teat scores and the relative homogeneity of the Earlham
CIllege student population led us not to be surprised by the
relatively law reliability scores obtained on our instrument.
A Kuder-Richardson #20 estimate of reliability for the EMT2
was .484. This same estimate of reliability game a figure of
.360 for the EMT3 and .778 for the TEK. Rulon estimates of
reliability on split halves of the EMT3 test gave estimates
of .537 for odd versus even items and .533 for a split between
items by face validity. (See Table 1 for means, standard
deviations and reliability estimates across the test forms and
over the various sample populations). The higher Kuder-Richard-
son #20 estimate of reliability on the TEK form of the test
probably represents the fact that the test was slihhtly longer
(60 items) and that the population sampled varied more (note
the standard deviation for this group is the very largest, 6.78).

While these estimates of reliability would certainly be very
disappointing if we were attempting to develop a standized
test, or if we needed to make discriminations among individual
students, this level of reliability seems quite adequate for a
teat which As only used for group discriminations. Kelly 41927),
by assuming that a test should make discriminations of differen-
ces as small as .26 times the standard deviation of a grade-
group with a chance of 5 to 1 of being correct, suggested that

reliability levels would need to be only about .50 to evaluate
levels of group, accomplishment.

An examination of the individual items in the last forms of the
EMT (see Table 2) shows that across the pre test population (EMT2)
and among a more heterogeneous sample (the Syracuse group) the
difficulties of the various items centered around .5 ( which
should give a very good level of discrimination) and the dif-
ferential discrimination between high and low groups is relat-
ively good with few reversals. The same criteria when applied
to the EMT3 test which was taken after the laboratory experience
show the test to be a much poorer discriminator. This occurred
because the general increase in test scores led to a bunching
of the scores on the post test.

Attempts to estimate the validity of the EMT by correlation
with criterion variables are difficult. One external variable
whith would seem to be fairly well correlated to the students
acquisition of knowledge of the sclintific method would seem to
be !lip scores on the laboratory aspect of the Introduttory
Psychology course. However, a correlOtion between the pre test
1(EMT2) and the total laboratory grade achieved was .039.and the
correlation between the post test (EMT3) and the laboratory
grade was .008. These failures to achieve correlations between
the laboratory grades and the ENT probably represent differences

in what is being measured by the two instruments. The laboratory
grades are heavily weighted with a verbal ability and writing
skill component and also represent more clearly an achievement
measure of students ability to handle one specific problem. In .

6 s.



TABLE 1
PREFORMANCE ACROSS CROUPS AND FORMS

OF THE EXPERIMENTAL METHOD TEST

Test Standard ReAtability

Crou Form Mean Deviation Rulon K-R #20

EC
Introductory EMT2
Psychology

81 28.37 5.9 .484

EC
Introductory EMT3 80 34.79 4.98

.537
(odd-even) .360
.532 (face-
validity)

EIC
Evening EMT2
Class

20 24.00 4.80 0111100111

EIC
Evening EMT3
Class

20 27.55 5.25 =IP IOW 011111111P

EC
Seniors EMT3 51 32.72 6.38 =IP NW OM NMI

EC
Experiisental
Psychology EMT3 13* 32.38 6.71 4114711.1111110111 - -N

EC
Education EMT2
Seniors

20 24.15 4.71

Syracuse
Introductory
Psychology TEM 79 30,99** 6.71 NO 1111111111 .778

* The number of students in this class who

of students not familiar with this test.

**Mean of items correct out of 60 in-tead
would be 25.83)

wade up the sample

of 50 (adjusted
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TABLE 2
ITEM ANALYSES BY GROUPS

EARLMAH

Item No.

1

COLLEGE
(EHT2)

Pre-test
Bi-Serial

.293

(EHT3)
Post-test
Bi-Serial

.226

SYRACUSE (TEK)

Dif. Discria.

55.7 .61

Point
$i- Serial

.54

2 .233 .446 78x5 .38 .40

3 .370 .297 34.2 .33 .27

4 .442 .431 55.7 .43 .31

5 .351 .539 31,6 .43 .33

6 .438 .569 51.9 .33 .26

7 .529 .513 74.7 .19 .21

8 .688 .455 60.8 .57 .50

9 .297 .296 38.0 .38 .29

10 .488 .401 51.9 .62 .42

11 .017- .327 No Item

12 .396 .475 72.2 . .14 .14

13 .073 .094 36.7 .14 .12

14 .545 .230 60.8 .19 .17

15 .158 .273 25.3 -.05 -.08

16 .358 .132 30.4 .10 .05

17 .062 .426 No Iten

18 .431 .279 48.1 .24 .23

19 .034 .063 55.7 .09 .02

20 .028- 055 No Ite

21A .447 .602

21B .605
21C .221 .350 53.2 .14 .17*

210 .203 .121

22 .412 .703 68.3 .38 .36

23 .501 .411 57.0 .38 02
24 .245 .438 77.2 .10 .11

25 .618 .426 62.0 .33 .33

26 .377 .376 38.0 .38 .29

27 '359 .343 78.5 .44

28 .158 .148 89.9 .33 .43

49 .AAS .240 60.8 .43 .34

30 .249 .452 35.4 .29 X23

31 .412 .271 53.2 .48 .31

32 .363 .499 51.9 .76 .57

33 .497 .108 34.2 .24 .25

34 049 .364 60.8 .48 .44

35 .574 .321 57.0 .38 .23

36 .646 .134- 72.2 .42 .40

37 .105 .212 45.6 .29 .32

38 .186 .455 78.5 .00 .04

*This was computer analysed as only a single item, although it

was scored as four items at Earlha



TABLE 2 (Cont.)
ITEM ANALYSIS BY GROUPS

EARLHAW COLLEGE
(EMU)

Item No. Pre-test
Hi- Serial

39 .194

(EMT3)
Post-test
Bi-Serial

.324

SYRACUSE (TER)

Dif. DIscris.

78.5 .33

Point
Hi- Serial

.23
40 .313 .446 63.3 .57 .42
41 .298 .186 29.1 .38 .33
42 .631 .297 67.1 .00 .16
43 .420 .285 63.3 .09 .21
44 .230 .129 48.1 .09 .03
45: .232 .445 86.1 .29 .29
46 .367 .586 50.6 .24 .24
47 .482 .242 30.4 .19 .17
48 53.2 .29 .92
49 65.8 .29 .27
50 70.9 .24 .21
51 13.9 .29 .30
52 65.8 .48 .42
53 65.9 .38 .37
54 73.4 .33 .37
5 35.4 .26 :24
56 15.2 .33 .40
57 53.2 .38 .29
58 32.9 .22 .25
59 35.4 .29 .24
60 34.2 .17 .12
61 22.8 .38 .29



contrast, the EMT asks the student to respond appropriately
in a variety of problem situations related to methodological
decisions and the logic of scientific method.

Correlations of EMT2 (pre test) scores with the SAT scores of
the introductory students at Earlham during Term 2 were .344
with verbal SAT scores and .428 with mathematics SAT scores.
These correlations are roughly the same level that SAT measures
seem to correlate with other achievement measures at the col-
lege level. It is, however, interesting to note that the cor-
relation is higher with the mathematics SAT scores, which might
be expected if this test covers scientific content. The post
laboratory experience administration of the EMT, however, cor-
relates .195 with verbal SAT and .109 with mathematics SAT.
This seems to suggest that whatever is measured by the EMT
seems to change as a function of having had the laboratory
experience in a way which is not well predicted by the SAT
scores. This would certainly meet our expectations if the EMT
measures knowledge of scientific method.

Undoubtedly, the most important means of validating this instru-
ment for our purposes has to do with how well it can discri-
minate between groups which have had different backgrounds in
training and how well it can evaluate the achievement of a
group as measured by the shifting of scores from pre to post
laboratory experience. A comparison of the mean scores achi-
eved by various groups taking the test seems to show differences
which are all in the right direction (see Table 1). The pre
test mean scores range from 24 to 28.37 while the post test
scores are in all cases higher and the scores are also higher
for groups which would be expected to have some of this know-
ledge (seniors and students in Experimental Psychology). The
only advanced group tested which showed a low mean score in
relation to introductory students were the senior majors in
education.

A closer examination of the pre and post test scores in the
Introductory Psychology class shows that 68 out of 74 students
for whom there is comparable data, showed an increase in
scores between the first and second administration of the test.
The average shift in scores was an increase of 6.65. (See
Figure 1 for graph of the change in scores). A Wilcoxen test
for differences between paired scores game a s score of 6.98
which is significant well beyond the P.001 level. A similar
shift was found between the pre and post test scores of the
students in the evening class. While the change in scores is
not as dramatic (an increase of 3.55), a Wilcoxen test of
differences between paired scores indicated the differences
were beyond the 1)4.01 level. Thus, in both cases where pre
laboratory and post laboratory tests are available there were
significant shifts in the groups as measured by the paired
scores. As noted above, inspection of the various group means
sampled also seems to suggest that this particular form of the
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FIGURE 2

71,r4-6,31-

Score Distributions for Pre (EMT2) and Post (EMT3) Tests for
Introductory Psychology at Earlhau

EMT2 (January 1968) EMT3 (March 1968)

Score Intro. Psych. Score Intro. Psych.
45 45 1
44 1 44
43 1 43 11
42 11 42 11111
41 41 1
40 40 1111
39 1 39 1111
38 1 38 11111111
37 1 37 1111111
36 36 111111
35 111111 35 111111111
34 1 34 11111
33 1 33 1111
32 1111111 32 1111
31 1111111 31 111
30 1111 30 111111
29 1111 29 11
28 11111111 28 111
27 111 27
26 11111111111 26 1111
25 11 25
24 1111 24 1
23 111 23
22 11 22
21 11 21
20 111 20
19 11 19
18 11 18 1
17 1 17
16 1 16
15 15
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test does a good job of differentiating among

CONCLUSIONS AND RECOMMENDATIONS

While the data available on the present fo
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oratory. We plan to continue refini
analyzing the items to see if there
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be extended by similar items and
to differentiate among a more h
by running further tests on oth
to determine the range of gen
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o that the test length could
some of greater difficulty
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rality and application of this

in the 'pattern of laboratory of-
ychology will provide for three
tory-field experience in psychology.

follow along the lines of the more
experiment training which we have done
nd will involve learning observaVion
children in a nursery school and will focus

ning objective recording techniques and
of interactions and development in young

. The third laboratory experience (designed
tion majors), will involve observations of

one in a public school classroom. We plan to
form of the EMT to all three groups as a pre

give the same form of the EMT as a poet test during

ination period. One problem met this year in

terpret the changes in scores on the EMT between

post test scores was the fact that we had no control

changes in scores could be attributed as easily to

earning psychology in the lecture aspect of the course

f learning scientific method in the laboratory. For

son, next years design of laboratory and field experience

cially advantageous to us. Two of the three groups will

using on experience which is not oriented toward learning

tific method per se. This means that we can expect rel-

ely small changes in the pre ae4-post_ test scores for these

groups in relation to the changes which-ihoUld-occur if

e laboratory is functioning to teach what is covered by the

est.

While we want to continue improting the test we have developed

during this grant period, we feel that the instrument is now

at a stage of development where it would be appropriate for us

to begin running comparisons of firinteee--tachaiques of teaching

Introductory Psychology laboratories. For thiirtinton, we plan
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to resubmit our original proposal with some modifications.
We would then begin comparison of two techniques of teaching
scientific method next year. We would plan to use the form
of the test we have developed over this year as one of several
evaluation instruments by which we would attempt to measure
the relative effectiveness of the two teaching techniques.
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APPENDIX

Experimental Method Teat Form 3 (final form).


