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CHAPTER I 

THE PROBLEM 

The ma jor purpose of this study was to prepare an 

achievemen t test which would adequately measure mastery of the 

content of a course in physical science required for all ele-

mentary education majors in t he Massachusetts State Teachers 
v 

Colleges. The results obtained from the administering of 

this test were used to indicate areas of strength, weakness, 

and growth in the mastery of subject matter. 

Scope of the study.-- Although there are nine State 

Teachers Colleges offering majors in elementary education, at 

the time this test was administered only eight of the colleges 

were giving the course in physical science. The test was 

presented to all available elementary majors. 

The basis of the hypothesis of this testing is that with-

out a core of basic factual knowledge, it is impossible to 

attain some of the broader outcomes outlined for the science 

course. Hence, the testing is limited to measurement of 

knowledge of f a cts, concepts and principles. 

Justification for the study.-- All prospective elementary 

school teachers in the colleges are required to take this 

1/Department of Education, Commonwealth of Massachusetts, 
Report of the Committee to Study General Education in the Mass
achusetts State Teachers Colleges, Boston, 1959, pp. 96-97. 
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course. The science faculties of the colleges have agreed 

upon an outline for the course. However, the outline offers 

few suggestions for implementation or for the relative amount 

of emphasis to be placed on each of the several suggested 

topics. Moreover, no one knows whether the average student 

in this course is capable of mastering many of the concepts 

presented. This student may have had science courses in sec

ondary school and he has successfully completed a course in 

general biology at the college level. Yet it is generally 

believed by those who teach the physical science courses that 

the average student enters these courses with a poor back-

ground knowledge of physical science. 

2 

The test was given at the beginning and ' at the end of the 

first academic year in which the outline was used by all the 

colleges. The analysis of the pre-test showed general areas 

of weakness. The analysis of the post-test showed relative 

amounts of growth and indicated to the instructors concerned 

that some of the areas in the outline should be modified for 

this college population. 

This is the second study which concerns the General 

Education program of the Massachusetts State Teachers Colleges. 
y 

A recent one was completed by Julian Roberts in the field 

of English. 

1/Julian Roberts, The Teaching of English .Literature in General 
Education: An Experimental Comparison of Two Methods of Instruc
tion, Unpublished Doctoral Dissertation, Graduate School of 
Education, Harvard University, Cambridge, Massachusetts, 1957. 



It is hoped that ultimately, as a result of this and 

future testing, the physical science course of study at the 

Massachusetts State Teachers Colleges can be revised and that 

the revision will be on the basis of available factual data. 

3 
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reasoning and understanding involve both knowledge and famil

i arity wi t h the material and ability to rea son in it. 
11 

Burmester describes the construction of a test to 

measure some of the induc tive aspects of scientific thinking. 

The test consists of a number of paragraphs with multiple 

selections for interpretation. It appears to be rather an 

unwieldy instrument and is based on a course of study in biol-

ogy. Her test is divided into sub-tests which claim to 

measure: steps in scientific thinking, delimitation of prob-

lems, experimental ·procedures, organization of data, evaluat ion 

of hypotheses, experimentation and the interpretation of data, 

drawing of conclusions, and generalizations and assumptions. 

The test is valida ted by correlation with measures of intelli-

gence, reading ability, and factual information. 
2/ 

Dunning describes 11 The Construction and Valida tion of 

a Test to Measure Certain Aspects of Scientific Thinking in the 

Area of First Year College Physics." However, he limits his 

test to certa in specific areas, namely, the interpreta tion of 

da ta and the ability to apply principles. He suggests that 

his test can be used in general educa tion physical science 

courses. 

1 /Mary Alice Burmester, "The Construction and Validation of a 
Test to Measure Some of the Aspects of Scientific Thinking, 11 

Science Education (March, 1953), 37:131-140. 

2/Gordon N. Dunning , "The Construction and Validation of a Test 
to I>leasure Certa in Aspects of Scientific Thinking in the Area 
of Firs t Year College Physics," Science Education (April, 1949), 
33:221-235· 





Objectives of instruction.-- A reference containing a 

classification of objectives in the cognitive domain has been 

7 

11 
prepared by Bloom and others. Their handbook contains major 

categories with illustrative objectives and test i tems . 

Any attempt at evaluation must begin with a consideration 

of the objectives of ins truction. The Forty-sixth Yearbook of . y 
the National Society for the Study of Education lists the 

following .as desirable outcomes of science instruction: 

"functional information, functional concepts, functional under

standing of principles, instrumental skills, attitudes, appre-

elations, and interests. 11 

J/ 
However, Hook comments on our willingness to formulate 

objectives and to overlook the difficulty of implementing them. 

Long lists of the objectives of science are frequently prepared 

and, as in the present study which deals with 22 instructors of 

physical science in eight colleges, it is difficult to reach 

any agreement. 

One common objective on which all can agree is stated in 

the course of study in physical science prepared by the Commit

tee to Study General Education in the Massachusetts State 

1/B. s. Bloom, et al., Taxonomy of Educational Objectives, 
Handbook 1: Cognitive Domain, Longmans, Green and Co., New York, 
1956. . 

g/National Society for the Study of Education, Science Educa
tion in American· Schools, Forty-sixth Yearbook, 1947, Part I, 
University of Chicago Press, Chicago, p. 251. 

J/Sidney Hook, "Perennial and Temporary Goals in Education , 11 

Journal of Higher Education (January, 1952), 23:2. 





5.00 Synthesis 

5.10 Production of a Unique Communication 
5.20 Production of a Plan, or Proposed Set of Objectives 
5.30 Derivation of a Set of Abstract Relations 

6.oo Evaluation 

6 . 10 Judgments in Terms of Internal Evidence 
6.20 Judgments in Terms of External Criteria 11 

This study is concerned with the measurement of learning 

outcomes of the first year of instruction guided by a new 

9 

course of study. Consequently, it is proposed to limit the 

measurement to objectives 1, 2, and 3 in the above list and to 

construct an achievement test designed. to evaluate student 

growth in knowledge of facts, concepts, and understanding of 

principles. 

The history of such test construction is long and honor-

able. Published tests in the sciences are both numerous and 

varied. A lengthy report of the literature on this type of 

testing would be both repetitious and unnecessary. Therefore, 

this review will be confined to the listing of several excel

lent summaries and to the. description -of .' their applicability 

to the present study. 
1.1 

The Fourth Mental Measurements Yearbook is the one best 

source of information concerning published tests now available. 

Ail examination of test listed therein showed none which could 

be used to measure t he desired outcomes of the Teachers Col-

leges' course in physical science . 

1./0scar K. Buros (Editor), The Fourth Mental Measurements Year
book, Gryphon Press, Highland Park, New Jersey, 1953 . 
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tions for the improvement of this type of item, conclude tha t 

the more choices offered, the more reliable the item will be. 

Use of tests to measure growth.-- After the test had been 

constructed, it wa s decided that, in addition to the more 

commonplace uses, it could measure growth of subject-matter 

understanding and also be used to locate specific areas in which 

growth did or did not take place. 
11 

Findley reviews some of the major trends in achievement 

testing . One very signif icant trend is that tests are increas

i ngly used to mea sure growth and development rather than status 

at a particular time. 
y 

Dressel, in a list of questions pertinent to the prob-

lem of evaluation in general educa tion, asks, 11 What is the 

op timum growth which may be expected for various kinds of 

students with regard to this objective? 11 The objective in ques

tion includes the understanding of concepts and principles. 

Item anallses techniques.-- It was further decided, 1n 

order to implement the study of growth, that item analyses 

would be used. Comparison of item difficulties obtained from 

a pre-test at the beginning of the academic year and a post

test at the end of the year should give some indication of 

growth in the area of which the item is presumed to be a sample. 

1/1-larren G. Findley, 11 Progress in the Measurement of Achieve
ment, .. Educational and Pslchological Measurement (Summer, 1954), 
14:255-260. 

2/Paul L. Dressel, 11 Evaluation Procedures for General Education 
Objectives, 11 The Educationa l Record (April, 1950), 31:97-122. 
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sub-test on science, was given in all of the colleges • 
.1/ 

Bloom's summary of his own review provides a condensed 

account of the limitations of this test: 

"Summary. In general, the test has many short
comings. As a measure of general education, it is 
decidedly inadequate in both the subject-matter 
sampled and the types of objectives listed. For ' the 
most part, the emphasis is on knowledge rather than 
of the ability and skill objectives which are em
phasized in A Design for General Education as well 
as 1n the other statements on general education. 
The knowledge is sampled by items which measure 
rather superficial acquaintance with the subject 
matter field listed. Although such knowledge may be 
a prerequisite to the more complex abilities and 
skills, only the most reckless test interpreter would 
claim that measurement of one provides a good index 
of the other. 

As a test of acquaintance, with a great variety 
of subject matter, it is a useful test. As an index 
of the individual's general culture, general educa
tion, or liberal education, it is quite inadequate. 
Perhaps the major criticism of the test is that it 
attempts to do an almost impossible task--the mea s
urement of the product of two or more years of educa
tion in 180 minutes." 

Unfortunately, comparisons were made of the mean scores 

of the different colleges on this test, but no effort was made 

to measure growth. 

Decision to test content.-- Dressel and Mayhew, in 

giving reasons as to why they ignored the testing of content, 

stated that the variety of subject matter in the various 

science courses they had surveyed would make it difficult to 

.1?Benjamin S. Bloom, 11 Review No. 4 11 in The Third Mental Measure
ment Yearbook, Oscar Buros, Editor, The Rutgers University 
Press, New Brunswick, New Jersey, 1949, p. 4. 

2/Paul L. Dressel and Lewis B. Nayhew, op. cit., p. 104. 



establish a common denominator for subject matter testing. 

The situation in the Teachers Colleges of Massachusetts 

is unique in that a common denominator does , exist in the form 

of a physical science course which is a required part of the 

15 

general ·education of all prospective elementary school teachers. 
11 

Scates remarked that "the modern measurement movement 

wa s not developed by teachers and consequently does not supply 

teachers with goals or effective aids." 

The measuring instrument presented here was prepared by a 

teacher; other teachers in the same subject area approved of 

the items and the objective; and all teachers concerned were 

informed of test results and interpretations. 

1/Douglas E. Scates, "Fifty Years of Objective Measurement and 
Research in Education," Journal of Educational Research (Dec
ember, 1947), 41:241-264. 



CHAPTER III 

CONSTRUCTING AND ADMINISTERING THE TEST 
I 

Selecting the test items.-- The first step in the con

struction of the test was the preparation of a guide list of 

314 five-choice multiple-choice items which were designed to 

sample adequa tely the facts, concepts, and principles indica

ted by the Teachers Colleges' course outline of physical 

science. 
11 

A list of physical science concepts prepared by Wise 

served to delineate further the concepts of the course outline. 

His list was established by having it checked by a jury of ex-

perts a s to the relevance and importance of the concepts it 

con t ained and by then listing the concepts in descending order 

of their frequency of mention. 

As the course outline does not include coverage of the 

a reas of earth science, climatology, and meteorology, the con

cepts in these areas on Wise's list were not consulted. Thus 

the guide list was established by checking the course of study, 

the outcomes of which the final test would attemp t to mea sure, 

and by consulting a highly reputable and established list of 

physical science concepts. 

1/Harold E. Wise, "A Determination of the Relative Importance 
of Principles of Physical Science for General Education, 
Science Educa tion (December, 1941), 25:371-379. 

-16-
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quantity and thus permits comparisons to be made between groups 

taking different test forms. 

Preparation of final test forms.-- Two forms, E and K, of 

50 items each were prepared from the remaining pool of items 

so that they had comparable mean difficulties and standard de

viations. Form E had a mean delta of 11.61 .and a standard de

viation of deltas of 1.94. Form K had a mean delta of 11.60 

and a standard deviation of its deltas of 1.96. A delta of 

11.6 corresponds to a p of 0.64. The implication followed 

tha t an average group of students should be able to answer 

correctly more than half of the items. 

An effort was made in preparing the test forms to maintain 

a balance between subject matter content and the broader areas 

of knowledge and fact, science vocabulary, science history, 

and understanding of concepts. (See Table 3, page Jl.) 

The test forms were printed, and directions for taking 

the test were placed on t he front page. The instr uc t ors g i v

i ng t he tes t were supplied with typed ins tructions infor mi ng 

t hem of t he purpose of t he test , a s ki ng them to r ead t he 

pr i n t ed i ns t ruc tions a loud to the students before starting the 

test, and advising them that .t hey would be given t he analyzed 

results of the first testing as soon as was practical. 

International Business Machine Form I. T. s. 1100A 156 

was used as an answer sheet. This form has space for answers 

to 150 five-choice questions : The directions asked that 

answers to both test forms be placed on t his sheet. It should 
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be noted that Form E has questions numbered from 1 to 50, while 

Form K has questions numbered from 101 to 150. The unused 

numbers 51 to 100 are reserved for any future lengthening of 

the test. It should also be noted that, in the directions, 

there was no penalty for guessing in the scoring of the items. 
11 

Ruch and DeGraff found that the reliability of corrected 

guess scores, particularly where there are five choices, is 

not significantly different from uncorrected scores. 

Finally, each college has a 120 minute period reserved 

for laboratory work. This period was used for the administra

tion of the test so that there was sufficient time for the 

slowest student to answer all questions on both forms. 

Administering the test.-- At the beginning of the 1957-

1958 academic year, the test booklets and answer sheets were 

delivered to each of the participating colleges. During the 

first week of October, the tests were given to all available 

students majoring in elementary education. By the end of the 

month all colleges had received a report of the results of 

preliminary testing. The report included: the test scores of 

all students who had taken the test, a short statistical 

analysis of the raw scores, and the results of item analyses 

of both forms. The latter included an explanation of the 

statistics used with particular emphasis being placed on the 

1/G. N. Ruch and M. H. DeGraff, "Corrections for Chance and 
'Guess' versus 'Do Not Guess' Instructions in Multiple-Response 
TestsJ.." Journal of Educational Psychology (September, 1926), 
17:J61j-J75. 
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meaning of the indices of difficulty. 

Toward the end of the academic year, during the first two 

weeks in May of 1958, the same groups of students were tested 

again with the same test forms. 

Collection of data.-- Raw scores, with no correction for 

guessing, were obtained. These raw scores were arranged in a 

population distribution and stanines were assigned for pre

test and post-test of Form E and of Form K and their totals. 

These data were then coded by individual, by college, by sex, 

and by test form and placed on Hollerith cards. Item analyses 

were made on the responses to Forms E and K for each college 

and the data so obtained were arranged in tables. 
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Table 2. (continued) 

Item Jury 
Number p r b Rating 

( 1) ( 2) (3_) ( 4) ( 5) 

16. -55 .26 12.5 4.75 
17. .69 .24 11.0 3.00 
18. .69 .24 11.0 s.oo 
19. .46 -.08 13.4 4.6.3 
20. .57 .22 12 • .3 s.oo 
21. .90 .09 7.9 4.75 
22. .88 .18 8.J 4.1.3 
23. • .31 .JJ 15.0 4.75 
24. .48 .46 1,3.2 4.00 
25. .65 .04 11.5 4.25 
26. .56 .04 12.4 4.50 
27 • . .65 .2.3 11.5 4.86 
28. .41 .,34 1.3.9 4.87 
29. .J9 .,39 14.1 s.oo 
.3 0. .45 .so 1,3.0 4.63 

.31. • .31 .JJ 15.0 4.6.3 
,32. .52 .04 12.8 4.50 
.3.3. .90 .58 7.9 4.37 
.34. .65 -.04 11.5 .3.50 
.35. .17 -.1.3 16.8 ,3.25 
,36. 1.00 .oo 6.0 4.50 
.37. .82 .20 9.4 4.6.3 
,38. .78 .76 10.0 5.00 
39. .so .55 9.6 4.25 
40. .7.3 .04 10.5 ,3.25 

41. .so .55 9.6 4.75 
42. .95 .4.3 6.4 4.00 
4.3. .90 .31 7.8 4.1.3 
44. .59 .42 12.1 4.6.3 
45. .75 .10 10 • .3 ,3.63 
46. .40 .59 14.0 4.6.3 
47. .6,3 .10 11.7 4.50 
48. .48 .61 1,3.2 4.25 
49. .70 ·57 10.9 4.50 so. .60 .60 12.0 4.87 

(continued on next page) 
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Table 2. (continued) 

Item Jury 
Nwnber p r 6. Rating 

(1) ( 2 ) ( 3 ) ( 4) (5) 

156. .81 .J2 9.4 4.37 
157. .so .JO 13.0 3.63 
158. .69 .55 11.0 3.37 
159. .55 .J1 12.5 J.87 
160. .J1 .oo 15.0 J.13 

161. .69 .55 11.0 4.13 
162. .79 .J7 9.7 4.25 
163. .81 .53 9.4 4.25 
164. .46 .31 13.4 J.6J 
165. .64 .J2 11.6 4.13 
166. -95 .39 6.3 4.50 
167. .78 .59 10.0 4.25 
168. .J1 .oo 15.0 J.25 
169. .55 .J1 12.5 J.J7 
170. .45 -.40 13.5 2.75 

171. .79 .24 9.8 J.87 
172. .78 .59 10.0 3.50 
173. .46 -.12 13.4 3.37 
174. .oo .oo 20.0 2.63 
175. .89 -.09 8.1 4.50 
176. .J2 .24 14.9 3.63 
177. .46 .22 13.4 4.13 
178. .28 .16 15.3 J.25 
179. • 83 .28 9.3 4.37 
180. .11 -59 18.0 3.37 

181. .J8 .46 14.2 J.50 
182. .24 .19 15.9 J.87 
183. .68 .57 11.1 4.00 
184. .65 .29 11.4 J.87 
185. .25 .34 15.6 4 .50 
186. .ss .13 12.5 4.25 
187. -33 .16 14.8 4.50 
188. .63 .55 ' 11.7 4.63 
189. .79 -37 9.7 4.75 
190. .52 ·35 12.3 3.75 

(continued on next page) 







Table 3. (concluded) 

Scientific Understand- History Scientific Understand-
Fact and ing of of Fact and ing of 

Vocabulary Concepts Science Vocabulary Concepts 
( 1 ) (2) ( 3) ( 1) (2) 

125 103 148 119 
127 104 121 
131 105 122 
132 106 124 
133 107 126 
134 108 128 
135 109 129 
136 110 130 
137 111 139 
140 112 141 
142 114 144 
143 117 146 
147 118 150 

Item analyses from results of testing.-- The following 

Tables 4 through 19 show the results of the item analyses of 

both forms of the test on both the pre-test and post-test. 

Table 4. Item Analyses for Form E: Results for College 1 

Item Pre-test Post-test 

Number p r A p r A 
( 1) (2) ( 3) ( 4) ( 5) (6) {7) 

1 .09 .22 18.3 .34 .46 14.7 
2 .29 .59 15.2 .57 .48 12.3 
3 .35 .06 14.5 .52 . .38 12.8 
4 .so -.04 13.0 .68 .41 11.2 
5 .07 -.15 18.8 .13 .64 17.5 
6 .34 .47 14.6 .82 .72 9.4 
7 .68 .43 11.1 .76 .26 10.2 
8 .67 .32 11.2 .64 .26 11.5 
9 .25 .42 15.7 .52 .57 12.8 

10 .21 .07 16.2 .40 .24 14.0 

(continued · on next page) 
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