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CHAPTER I
CHARACTERISTICS OF THE STUDY

1., Purpose of the Study

All of the sasreas of bioclogy cannot possibly be taught
in a beglnning course, which also is usually a terminal
course., Therefore, it becomes of prime importance to know
those areas of bilology which are most lmportant. This
study has, as one of its maln objectives, the determination
of these most important blologlcel sareas.

There seems to be no truly objective method of deter-
mining these sreas. Textbooks are at varlance with one
another. Hence, a survey of their contents would offer
little help. An analysis of various courses of study seems
at first to offer a plausible method. Yet, when one con-
siders that some courses of study have become obsclete and
that many revisions have amounted to little more than a
change in publication date, he realizes that this method
would not be a wise choice.

Since the teacher of biology is the one who is most
apt to have glven careful thought to the pupils' needs in
the biological sciences, it was decided that a survey of

-1-
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their opinions would yield velid results., This was the
method chosen for part one of the study.

After determining the needs of pupils in terms of
areas of bilology, it 1s only fair to ask whether or not
these needs are being met. While there is a majority
oplnion among blology teachers, there is not & uniformity
of oplnion as to the most lmportant and the least important
areas of blology. Further, most blology teachers are
forced to follow a specifled course of study. In many
cases, 1f the course of study does not contain the masterial
whlch the individusl teacher feels 1s most lmportant, 1t
must be omltted from the course.

It is, then, quite possible that the areas whilch are
determined to be most 1lmportant are being taught to a
limited extent in some schools and not at all in others.

The second maln objectlve of this study 1s to construct
and administer an achlevement test in those areas of biology
which have been determined as most important. The test is
to be constructed so as to give an Indlication and only an
indication of the extent to which these areas of blology ars
being mastered by pupils enrclled in courses of General
Bilology.

If these areas of biology are not being properly
absorbed by puplls, whereln lies the difficulity? Is it



because the teacher has not been covering this material in
his course? If this is the case, then it is for one of two
reasons or for both ressons. It 1s possible that the
material is not in the course of study and that the teacher
is bound not to digress from such & course. On the other
hand, it is possible that the teacher, herstofore, has not
considered this material important enough to be included in
the course. It ls quite possible that both of these circum-
stances prevail in a given gituation.

In any case, however, the results of this study should
foster deeper thought smong blology teachers as to the
inclusion or exclusion of certain areas of bilology. If,
af ter much conslderation, the teacher feels that more
emphasis should be placed on certalin topics and less on
others, he can eithser directly or indirectly bring about
changes in his present course of study.

It is possible that the Iimportant areas of biology are
not belng properly absorbed by pupils because too little
emphesis is being placed on these aress in the textbooks.
If this ls the case, then this study‘could bring about a
re-evaluation of materlial by authors of blology texts.

It is for these reasons that a side~study of the
recently published biology texts be made. This study will

be an asnalysis of texts to determine the amount of coverage



given to those areas of bilology which are deemed most
importent. This study will give us a much clearer picture
of the bilology being taught in high schools, today.

In genersal, the two most objective methods of measur-
ing course content are by an analysis of the textbooks used
snd by en analysils of tests which are used. It should be
noted here that objectivity does not imply validity.
Howsver, this study would be found lacking 1f an enalysis
of recently published tests were not included. This analy-
sis of tests will be made to ascertain the degree of
importance which has been placed on those areas determined

to be most important.

2, Justification for the Study

In 8 repcrt by the Federal 0fflce of Education on the
teaching of genersl biology in the public high schools of
the United States, the statement is made that "....practi-
cally 81l of the pupils entering our high schools take at
least one course in Biological science during their high-
school years. In the majority of cases this course 1is
genersl biology, or its equivalent.“l The question then

arises as to whether or not these puplls are being taught

1/W. BEdgar Martin, The Teaching of General Blology in the
Public High Schools of the Unlted States, Bulletin, 1952,
Number 9, Federal Security Agency, Office of Education,
Washington, D. C., p. 11.




the most important areas of bilology.

Many school authorities and certainly all bioclogy
teachers are aware of the vast amount of material that may
properly be classified under the heading "General Biology".
All of this materiel cannot possibly be taught 1n a one-
year course in high school blology. In many cases, we find
schools offering separate courses ln such subjects as
Heelth, Agriculture, Hygiene, Physiology, Conservation, and
Nature Study. Where such courses serve a recognized need
and are practicable, they should be offered. However, for
the great majority of high school students, a one-year
course in General Bilology 1s the beginning and the end of
their formal treining In the life sclences.

The fact that teachers are aware that blology has
bscome an unruly subject because of the vastness of 1ts
content 1s reflected in the blology texts now being used in
high schools. ©No longer is one text essentlally the seme
as the next. In chemlstry and physics we find the material
end presentation very much alike in the varlous texts. This
is not the case wlth blology. Here, we find a great varia-
tion not only as to the material which the author includes,
but also as to the presentation of that material. Some of
today's texts present & classificetion type biology, where

representatives from each phylum are studied, first in the



plant kingdom and then in the animsel kingdom. Some texts
attempt to show the relationships existing among living
things and this tone is cerried through the entire book.
Still other texts have man as the focel polnt and discuss
other living things only as they are directly concerned
with men.

From another point of view, scme biology texts attempt
to be alil-inclusive while others go to the other extreme,
that of oversimplificetion.

3. Scope of the Study
Because of the very nature of the study there was
little need for involved statistical analyses. To attempt
such a procedure would have seriously detracted from the
value of the study. It would have clouded the answers to

the two main questions. These questions are:

A, What asre the most B. Are these aress
important areas of being mastered by
biology? high school pupils?

1

Concerning a limited amount of statistics McNemar
states that;

"The presence or sbsence of statistical snalysis
per se 1ls not a safe criterion for judglng the worth
of a study - some studies would have been improved by
the use of statistics, whereas others would be better
1f they had been so designed as to depend less upon
statistical anelysis,”

l/MeNemar Quinn, Psychological Statistics, John Wiley &
Sons, Inc., New YorE, I§5§, Pe e



After reaching a declsion as to the most plausible
method of solving the problem, the next step was to deter-
mine the slze of the sample. Since the entire study
proceeds in a step by step fashion, 1t was necessary that
the first sampling be suffliciently large and yet fessible
from a point of view of time as well as one of economy. It
was decided that the opinions of 500 teachers, located
throughout the country, would give valld results., In order
to obtain results from 500 teachers, it was thought neces-
sary to request assistance from a minimum of 2000. As will
be seen later, this did not prove true.

The 2000 teachers thet were first asked to participate
were taken from the meiling list of the "Natlional Associa-
tion of Biology Teachers".

In order to get an indicetion of the extent to which
the Important areas of bioclogy are being mastered by pupils,
1t was felt that the test should be glven to at least fifty
classes and that these should be scattered throughout the
country.i/ It was further declided that these classes should
be of normal size, that ls, a slze ranging somewhere between
20 and 30 pupils. In regard to class size in General
Biology, for the school year, 1949-1950 "....the average
enrollment for each section for all types of high schools

1/8ee p. 4l.




was 29.32 puplls for the first term and 29.10 for the
second term; the average for senior high schools for the
first term was 32.85 and for the second term, 33.21."£/
If the classes used for this testing were of a size
other than one which approximated the aversage, it would

seem that we would be introducling an unnecessary variebile,

nemely, the effect of class slize on the rate of learning.

i/W. Edgar Martin, op. cit., p. 1l.



CHAPTER II
SURVEY OF RELATED LITERATURE
1. Importance of Biology

In & survey of general bioclogy, made by Martiﬁl/
during 1949 and 1950, it was found that 95.1 per cent of
the public high schools which responded to the question-
naire offered a course in general biology or its equivalent.
While some students do not take any course in blology,
the great majority do teke at least one course in blology,
end this is usually general biology. Marting/ found that
", ...practically all of the pupils entering our high
schools tske at least one course 1in biological science dur-
ing their high school years., In the majority of cases this
course 1s general blology, or 1lts equivalent, taken in the
tenth grade.”" Since the great majority of high school
pupils do take blology, it is imperative that much thought
be given to the content of the course,

Biology also derives added ilmportance from the fact

that, for many students, i1t 1s thelr only look at science,

1l/W. Edgar Martin, The Teaching of General Biology in the
Public High Schools of the Unlited States, Bulletin, 1952,
Number 9, Federal Security Agency, Olfice of Education,

pp. 3, L.
2/0p. eit., p. 11.
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In meny instances biology is preceded by a course in
general sclence, but this is not always the case. Klingél/
says: "The biology course 1s probably the only science
course in which most high school graduates have been
enrclled. It 1s not only the terminal science class for
meny; 1t is their only sclence exposure,”

Cuftisa in speskling of the importance of blology
states: "Blology is potentially one of the most valuable
sub jects in the entire program of studies of the secondary
school, and hence should be a required part of every pupilts
education.”

Lowryé/ in discussing the reasons for transferring
biology to grade nine states: "There was general agreement
among the faculty that blology was doing more to give the
student learning experiences and help in meetlng the many
needs of adolescent youth than any other one course in the
science curriculum,"

There 1s no dispute on the lmportance of blology. On

the contrary, more and more schools are making it a required

I/Paul KIings, "Is Biology & Sclence Course?" School Scisnce
and Mathematics (May, 1950), 50:379-383, p. 379.

2/Prancis D. Curtls, "Some Practical Suggestions for the
eaching of Biology," School Science and Mathematics
(February, 1951), 51:95-1I0L, p. 95.

Q/Nelson L. Lowry, "Biclogy and Physical Science for Ninth-
and Tenth-Grade Students," Science Education (March, 1951}

35:71-73, p. T2.
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course for non-college as well as for college preparatory

students.

2. Objectives of Blology Teaching

Certainly it 1is true that sound, reallstic objectives
should be very clear before any teacher attempts to
organize a course. In blology, as in some other courses,
there appears to be a wide va#i?tion in objectives, In

1
discussing this point McKibben states:
"Every high school teacher reslizes the ilmportance

of the use of objectives in guiding learning, but a

study of the objectives of biology for general educa-

tion as set forth in high school textbooks, courses of
study, and professionsl literature reveals that these
objectives are numerous and varied."

A bright rey in this unhappy situation is the spparent
agreement among biology teachers that the training of
specilalists in bi01éf§ is not one of the objectives of the

2
course, Fitzpatrick says: "In the general education
approach, 1t is clear that the training of professional
blologlists is not the alm of the secondary school biology

course,"

1/Margaret McKibben, "The Present Status of General Objec-
ives in the Teaching of Secondary Biology," Science Educa-

2/Fred Fitzpatrick, Trends in High School Biology, The
Bulletin of the National Assoclation of Secondary School
Pri?giples, Washington, D. C., (January, 1953) 37:56-67,
Pe .
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1/

Regarding the objectives of a course Martin  says:
"The manner in which & course 1s organized for

instructional purposes is in all probabllity a more

reliable index of the philoszophy underlying the course

and the major objectives sought in the instruction

than a written statement of the philosophy or a listing

of the major objectives.™
With this thought in mind, one of the inquiries made by
Martin, in his survey of the teaching of biology in the
public high schools, dealt with the organization of the

2

course. He found that 76.5 per cent of the schools offer-
ing biology based the course organization on principles
related to the whole field of biology. In 12.6 per cent of
the cases, the course waes divided into botany, zoology, and
physiology. And, in 10.9 per cent of the cases, it was
based on important topics of dailly life. Even though we can
infer from thls report that the majority of schools are
teaching biology on an integrated basis, 1t seems that we
still cannot get a great deal of insight into the objectives
underlying these different courses. We certainly can say,

however, that these different approaches to course orgeaniza-

tion imply a wide varlation in course objectives.

3. Subject Matter of Biology

Unnecessary Subject Matter.-- While much of the biology

1/0p. ¢it., p. 19.
2/0p. eit., pp. 19, 20.
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which 1s given to the high school student of today is most
worthwhile, some topics have their socle merit simply
because they have been present in the biology coursse for
many years.

Speaking of the development of bilological offerings
over the past hundred years, Fitzpatrickl says: "We reject
an outmoded educational theory, but items of so-called
sub ject matter selected according to the tenets of thet
theory continue to be employed in instruction even though
the justification for such employment no longer exists.”
In writing along the same lines, Miller  says: "Much of
the biology taught in secondary schools today is the same
as that taught 20 years ago. The passage of time does not
necessarily make all old things obsolete, but neither does
1t make them indispensable."

A grave injustice 1s being done to the students 1f we
omit certain topics of bioclogy simply because we dare not
delete material that has been with us for many years.
FitzPatrick3 says, "....much functional biological knowl-
edge has been acqulred in very recent times and has not yet
1/0p. cit., p. 50.

2/Jesse V. Miller, "Biology-l949 Model," The American
Biology Teacher (April, 19Z9), 11:101-104, p. 101.

3/Loc. cit., p. 58.
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been generally utilized as materiel of instruction.,”

Variation in subject matter.-~- Even the most cursory

glance at some of the high school blology texts shows that
there must be a_;ide varigtion in the subject matter being
1
taught., Martin found that there were a large number of
areas, giving a great desl of emphasis by different
teachers. He found thet nesrly 6 per cent of the teachers
in his survey gave major emphasis to paleontology. Over
3 per cent gave major emphasis to embryonic development.
Results 1like this certainly point to wlde disagreement as
to the most important areas of biology. In discussing this
2
variation in subject matter, McFadden  states:
"A survey of textbook units and problems, or
topical development will show great variation in
sub ject matter. Some authors have ridden their
hobbles. One of the older texts 1s largely systematic
botany, another entymology. Following publication of
the seven cardinal principles, one text went all out
for teaching health...."
It is safe to assume that if this variation in subject
matter is so apparent in textboocks, 1t must also be finding
its way into various biology classes. Of 783 schools who

answered a question concerning the organization of the

T70p. ¢it.; . 2l.

g/M. G. McFadden, "Recent Trends in the Teaching of Biology
and some Recommendations Relative to the Development of a
Course of Study," Science Education (February, 1950),

3l43451-471, p. L48.
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1
general biology course, Martin  found that 499 or 63.7

per cent of the schools were following a basic text,

In spesking of the fact that if blology is a science,
it should be based on fundamental truths or laws, McAteeg/
says, "....an analysis of textbooks and courses of study
reveals a wide range of opinions in the selection of
sub ject matter and the degres of emphasis given to the
different areas chosen." Discussing the matter further she
says, "There seems to be no agreement, however, among
those which contain beasic truths as to what truths were
basic." Xlinge feels that the wide variation in subject
matter has led to speclality courses being taught under the
name of general biclogy. He states: "Since the field is
80 broad, full of facts, and difficult, the blology course
offers a convenient place to ride a hobby horse in glorlous
isolation from criticism." That this is true is evidenced

by the fact that some teachers give major emphasis to such

sreaes as paleontology or embryonic development,

i/0p. elt., p. 21.

2/Veva McAtee, "Is Bioclogy a Sclence or a Fad," School,
Sclence and Mathematics (March, 1946), L6:206-208, p. 206.

3/Loc cit., p. 206.
H.'/OE. Cito’ P 379-
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This variation in subject matter7 as found in the
1
texts, is not new. In 1933, Weltzin  analyzed five

popular biology textbooks and found that there was little
agreement among them in either content or organization,
Noll, in discussing the revisions of texts that had taken
place prior to 1939 says:2 "These changes have tended to
increase the varliation in trestment and content of text-
books."

Some defense for this variation of subject matter 1s

found in the Forty-Sixth Yearbook of the National_?ociety
3
for the Study of Education, wherein 1t 1s stated:

"Since the loglcel development and mastery of the
sub ject matter of bilology 1s not of itself & primary
goel and since in any event the field is far too broad
to be coversd adequately in the time provided in
school, then it follows that considerable varistion in
topics covered and in the order of topics will be
legitimate and desirable, as circumstences vary."

While this may lend some solace to those concerned about the
varlation in subject matter, 1t does not excuse the whimsical
mer M. weltzin, "The Content of Biology in High School

Texts," Unpublished Master's Thesis, State University of
Towa, 1933.
g/Victor H. Noll, The Teaching of Science in Hlementary and

Secondary Schools, Longmsns, Green & Co., New York, 1939,
pe L27.

3/Nelson B. Henry (Editor), The Forty-Sixth Yeerbook of the
National Society for the Study of Bducatlon, Part I, Sclence
Education in American Schools, The University of Chicago
Press, Chicago, 1947, p. 18,
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inclusion of subject areas at the expense of others which

may be more importsnt.

Selection of subject matter.~- It 1s this great varla-

tion 1n subject matter which makes it so important to be
1
very careful in our choice of areas., Filtzpatrick states

that:

"The point is made that there is challenge to
select wisely from & weelth of potentiel instructional
meterial without undue concern for traditional
fcontent'! or 'mastery! of a subject at the lower
levels of educationsel experience, but with continuous
effort to esteblish and refine a program that will best
fit pupils and future citizens to make appropriate
cholces and decisions.”

The selectlon of subject matter in blology is extremely
important from another aspect. As was previocusly mentioned,
biology for many students is thelr only exposure to eny
formal sclence study. The method of selection of subject
matter may take one of seversal forms. It may be purely
sub jective where the teacher plcks and chooses to sult his
own desires. It may be left entirely in the hands of the
textbook author. It may be left In the hands of a course of
study committee. It might be a combination of these, or it

might be one of various other types.

One method of selection of subject matter made use of

1/%. clt., p. 63.
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1/
the opinions of pupils. Schneck conducted the study in

order to determline the needs and interests of pupils
enrolled In a course in biologye. It was limited to 131

| puplils in a single school. They were asked to list the
practical things which they had learned or wished had been
included in their biology course. He found that the human
body was mentloned most often as belng most important and
he concludes that, "....1lf a course in biclogy is to be
based on the criteria of student interest, it must be
largely centered about the problem of human behavior and
health."2

Need for research.-- It seems evident that there i1s s

geod deal of unnecessary subject matter being taught in many
of our high school biology courses. That there is a tremen-
dous variation in sub ject matter among the varilcus high
school bilology courses is undenisasble. High school bioclogy
teachers admit to these facts, and yet there has been very
little done with an aim towar¢ improving the situetion. We
must be slow to criticlze a particular teacher for having
selected certain areas for his course and having omitted

others. There has been very little done to give the teacher

T7/John wW. Schneck, "The Practical Velue of Certain Topics
n a Course 1in Blology," School Sclence and Mathematlcs

2/op. cit., p. 322.
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1
the objective help which he needs. Hoff, in speaking of

the curriculum in biology says that: "Relatively few
curriculum studies have been made in the field of biology,
the greatest number being in the analyslis of the current
literature.” While an anslysis of the literature is
important, it does not help the blology tesascher, faced with
the very resl problem of trying wisely to decide what
material to include and what materiasl to delete f'rom the
course whilch he teaches.,

Recent trends.=-- Although we are still searching for

the 1deal course in bioclogy, we can be heartened by fact

that there has been a decided shift from the highly techni-

cal, taxonomical, morphological type blology to & type more

sultable to the needs of pupils. In speaking of the de;elop—
1

ment of the biology curricula, Isenbarger and Mayfield

state:

"In brief, biology courses have shifted away from
special subject content patterned after college coursss
to content selected and arranged to develop 1In students
the practicel, esthetlc, and intellectusl values of
bilological knowledge in everyday living."

Today, much high school biology is not being taught as

I/Arthur G. HoIf, Secondary School Science Teaching, The
Rlaklston Company, Philadeiphia, 1950, p. 9.

2/Jercme C. Isenbarger and John C. Mayfield, A Half Centur
of Sclence and Mathematics Teaching, Central Assoclation o
Sclence and Mathematics Teachers, Inc.,, Oak Park, Illinois
1950, p. 107.




& miniature college course, but rather ss a course having

a8 practicel value in everyday l1life. We find stated in the
1

Forty-Sixth Yearbcok that:

"As the high school populstion beceame less
selective, significant modiflcations of the blology
course were Iinstituted. From necessity, the subject
matter has become less technical, more practical, and
the trend has been toward a unifled course, with
increasing emphesis on its functional values."

I/0p. 6it., p. 183.
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CHAPTER III
RESEARCH PROCEDURE

l. FPive hundred biology teachers were asked toc name
the most important and the least important aress of blologye.
Letters with postal enclosures were sent to 2000 members of
the "National Association of Biology Teachers". They were
asked to state (a) the ares of blology that they consider
most lmportant, (b) the ares of biology that they cconsider
least important, and (c¢) whether or not they would be will-
ing to be of further assistance in this study.

In this first survey, the teachers were asked to give
only one area, because it wasrfelt that this would require
great thought and very careful gelection., To ask for a
lengthy list of arsas might result in areaes being given not
because the teacher felt that they were most important, but
merely because the teacher felt that they were of some
importance. It is readily admitted that this is an untried
method of gathering information. However, 1f there were
faul ts inherent in this method of survey, they were
corrected by the second survey, which more closely followed

the recognized procedure.

=21~
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The teachers chosen for this survey had one thing in
common, nemely, their membership in the N.A.B.T., The
reason for using this membership 1list was threefold. First,
it provided, without further effort, a list of biology
teachers located 1In all parts of the country. Second,
these teachers by mere virtue of belonging to this
association had demonstrated an interest in biology snd the
problems of ftsaching biology and would probsasbly cooperate
with a study of this type. Third, these teachers, having
demonstrated an interest in the teaching of biology, had
in all llkelihood spent considerable time attempting to
solve some of the problems associated with it.

2. When the replies were recelved, the areas were
tebulated and placed in order, according to their frequegcy
of being named most Important. They were also listed in
order according to thelr frequency of being named least
important.

3. The first twenty or so arsas, named most frequently
as most Important, were llisted. The reason for taking
approximately the first 20 areas was to allow for a natural
breskling point, by frequencies, which was likely to occur
at various places in the l1list.

The areas on the list were then placed in alphabetical

order and this placement was pointed out to the teachers in
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the next survey.

L. The 1ist of most important areas was sent to 793
biology teachers, located in various parts of the country.
They were asked to choose the three most important and the
three least Important aress from this list.

5. The results of this survey were tabulated and lists
made of the most important and the least imporitant areas of
biology.

6. An achievement test of the flrst four most important
areas of biclogy was constructed.

The material for the test was based on material found
In various high school blology texts.

7. The tests were administered to 50 biology classes,
located in various parts of the country.

8. A minimum of 75 biclogy teachers, located throughout
the country, were asked to review the test from the point of
view of whether or not the items were teachable to high
school pupils. They were elso asked for other criticisms of
the test.

9. The tests were scored end the degree of diffliculty
of each item was determined.

10. FProm the scores on the tests, conclusions were
drawn as to how well or how poorly these areas of blology

were absorbed by high school pupils.,
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1l. In addition, recently published biclogy texts and
tests were reviewed to determlne the degree of emphasis
which was being placed on the areas of biology which this
survey shows as most Ilmportant,

12. All of the ahove data were analyzed and recommenda-

tions were made.



CHAPTER IV
EVALUATION TECHNIQUE

l. The First Survey

Introduction.=-- In the first part of this thesis,

teachers were asked to state the area of bioclogy that they
considered most important and the area of biology that they
considered least important. A great deal of thought was
given to deciding whether or not to define the word "area".
Although the word seemed to have a consistent definition
among biology teachers, it seemed quite possible that it be
misconstrued by some. However, for the word to be clearly
defined, examples would have to be given, This could well
have narrowed the thinking of the individual teachsrs, with
the result of destroying the purpose of this first survey.
Some might claim that it would have been better, at
this point, to furnish a list of the areas of biology.
This also would do away with the purpose; namely, free
thought on the problem. To supply a 1list, at this time,
would also be objectionable from other aspects. If the
list were short, 1t might well have been that areas that

should have been included had been overlooked., If the list

-25-
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were lengthy, the teacher would probably have given
insufficient consideration to each area on the list and
would 1in some cases merely haeve scanned the list.

The next problem was to make a decision as to how
large the sample should be. It was felt that if the survey
wore to have meanlng, replles must be received from at
least 500 blology teachers. Also it was felt that the
replies must not come from one state, but must come from
teachers located in various parts of the country.

Since the teachers most apt to respond and most apt to
be interested wWere the members of the Nationsal Association
of Blology Teachers, lts officers were contacted. They
could neither give nor sell a malling list of thelr members,
but after some communication did agree to meil the letters
and postcards which I would send to them.

Sample.-- In order to be sure of 500 replies, 2000
members of the National Assoclation of Blology Teachers
were contacted. Letters were sent to them which asked them
to name the ares of bilology that they considered most
important and the area of blology that they considered least
important. They were also asked to give their name and
address and to tell whether or not they would be willing to

be of further assistance in this study. A self-~addressed
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postcard, having places for the repliss, was included with
each letter.,

Replles recelved.~- To the 2,000 letters sent, 931

replies were received. Of these, 793 indicated that they
would be willing to do further work on the study.

Replies were received from 39 states and Washington,
De Co The states not heard from were: Rhode Island,
South Carolina; South Dakota; Tennessee; Texas; Utah;
Washington; Wisconsin; and Wyoming. There were 22 states
having 10 or more replies.

Bvaluation of the replies.-- Of the cards received,

49 were not used at all in this part of the study. They
were discarded for such reasons as: No answer; the claim
that it depends on too many factors; the cleim that it
could only be answered if a llist were supplied; etc.

The first section of this part of the study was to
determine the most important areas. For this section a
total of 87 replies were discarded. Eighty-one of these
were discarded because four or more areas were listed as
most important. The other six were discarded because the
areas were not clearly defined. Table 1 gives the results

of this first section of this part of the study.
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Table 1, The First Thirty Most Important Areas, Determined
by Those Meking One, Two, and Three Selections

The Plecing and
Polnts of these
Areas, Determined
by those meking
only One Selec-
tion
Number Number
Area Place { Of Points a/| Place | Of Points
(1) (2) (3) (4 ) {5)
Human Biolog¥sesosses 1 138 1/2 1 120
Conservation
(general)eeeveasaacas 2 85 5/6 2 61
Human Physiologye.ess 3 79 b 48
Ecology (general).... I 67 1/2 3 51
Health & Hygiene..... 5 gl 5 28
Physiology (general}. 6 39 2/3 6 22
Genetics (general)... 7 35 1/3 7 20
Human Anabomyeeeecsoe 8 31 5/6 13 8
Essential Life
ProCesSSeSsecscscesnncs 9 28 1/3 7 20
Biology Applled to
HUMANS ¢ s v aooenvsonans 10 20 2/3 9 18
Z00lOE eeescsernvecn 11 20 1/ 13 8
DiseasSe.iiecrsocsenene 12 19 2/3 13 8
Ecologlic Relations
$O MBNessoaoeososaansn 13 15 1/6 11 10
Protoplasm and the
COllecenvnvaoscnnanes 1l 1l 10 12
Bota.n.y--.-oooooooooco 15 12 5/6 22 3
Reproduction
(general)sececenseses 16 12 1/3 16 6
Conservation of
Naturel Resources.... 17 11 1/6 11 10
Anatomy (genersl).... 18 9 1/6 36 1
Genetics (human)..... 19 7 1/6 18 Iy
Scientific Method.... 20 61/3 17 5

(concluded on next page)
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Table 1. {concluded)

The Placing and
Points of these
Areas, Determined
by those making
only One Selec-
tion
Number Number
Area Place | Of Points a/ | Place | Of Points
(1) (<) 3) (4) (5)
Foods & Nutrition.... 21 6 1/6 22 3
Reproduction (human). 22 5 5/6 18 n
Metazoan Vertebrates. 23 51/3 18 In
Biologicel Principles 2l b 1/2 22 3
Kinds of Living
Things............'.. zu ul/e 18 L‘.
EvolutloNeesseesseane 26 L i/ 36 1
Nature Study.eseecee.. 26 y 1/% 22 3
BEconomic Significance
of Blolog¥eeseesasnse 28 31/3 28 2
Embryologyesesceaeseans 28 31/3 28 2
EntomologYeses ecocos 28 31/3 22 3

a/0ne point was given if the person made but one selection;
/2 point was given for each selection, if the person made
two selections; 1/3 point was gilven for each selection if
the person made three selections.

The total number of areas naemed by those giving but one
answer was 46. The total number of areas named by those
giving one, two, or three answers was 6l,, Table 2 gives =

complete 1list of those areas named ss most Important by

those teachers who gave but one answer.,
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Table 2. A Complete List of the Forty-Six
Areas Named as the One Most Important
Area by One or More Persons

e ——V . 9 — .

Aress of Most Importance

Adjustment of the Human

Anatomy (general)

Application of Blology to Everyday Life
Appreciation of Nature

Bacteriology

Rehavior (genereal)

Biological Principles

Blological Vocations and Avocations
Biclogy Applled to Humans

Botany

Conservation (general)
Conservation (wild life)
Conservation of Natursl Resources
Disense

Ecologic Relations to Man

Ecology (general)

Economic Significance of EBiology
Embryoclogy

Energy Concept

Entomology

Essential Life Processes
Evolution

FPgmiliar Plants and Animals
Foods and Nutrition
Genetics (human)

Genetics (general)
Humen Behavior
Human Blology
Humean Physiology

(concluded on next pags)
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Table 2. (concluded)

Areas of Most Importance

Hyglene & Health
Kinds of Living Things
Metabolism

Metazoan Vertebrates
Microscopic Life

Neture of Life

Nature Study

Needs of Living Things
Physical Chemistry of Biology
Physiology (general)

Protoplasm and the Cell
Reproduction (general)
Reproduction (human)
Scientific Method
Taxonomy

Zoology

The second section of this part of the study was to
determine the least important areas. For this section a
totel of 53 replies was discarded. Fourteen of these were
discarded because four or more areas were listed as least
important, Twenty-six gave no answer, and the other 13 were
discarded because the areas were not clearly defined,

The total number of areas named by those giving but one
answer was 72. The total number of areas named by those

giving one, two, or three answers was 91.
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Table 3 gives the results of this section of this part

of the study.

Table 3. The First Twenty-Kine E/ Least Important Areas,
Determined by Those Making One, Two, and Three

Selectlions
' The Placing and
Points of these
Areas, Determined
by those malting
only One Selec-
tion
Number Number
Area Place 0f Points | Place Of Points
(1) (2) (3) (L) {(5)
Classificationeeeceecee 1 133 1/2 1 121
Taxonomy..l......lll... 2 111 1/6 2 100
BOtanY.---..-......--.- 3 L'.B 1/2 3 “g
Evolutionecesseacesccee ll- 61/6 LI- 3
PaleontOlogyu---o.o-ooc 5 37 1/3 5 31
Meteazcan Invertebrates. 6 35 1/6 7 2
Flowerless Plants...... 7 33 5/6 6 25
Anstomy (general)eeece.. 8 25 1/3 8 20
Anstomy (plant)ececccce 9 23 2/3 8 20
History of Blolog¥eeeess| 10 21 1/3 10 19
Detailevecvnssvecscncen 11 18 5/6 11 18
Genetics (generel)e....| 12 13 14
Conservation (genersal).| 13 17 5/6 12 15
Health & Hyglene B/....| 1 17 1l 11
Ecology (genersl)ess...| 15 14 1/2 14 11
Microscopic Lif€ecescss| 16 10 5/6 16 9
Life Cycles of Lower
Plantsll.".....'....-. 17 16 9
Health & Hygienee.......| 18 8 1/2 19 6
Humen Physiology B/....| 19 7 1/2 23 <
Technical Studyeeeeesse| 19 7 1/2 18 7

(concluded on next page)
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Table 3. (coneluded)

e e ————. — —
The Placing and
Points of these
Areas, Determined
by those making
only one Selec-
tion
Number Number
Area Place | Of Points | Place Of Points
(1) (2) (3) (4) (5)
Changes in Living
Things.....-......-.... 21 71/3 19 6
Conserv§j}on |7 21 7 1/3 19 6
Disease D/ eeieeecoccnnss 21 71/3 19 6
Geographical Distribu-
tion of Organisms...... 24 61/2 23 5
Geology..---........... 21'. 61/2 23 5
Foods & NutritiofN.ee.e. 26 5 5/6 23 5
DissectioNeececsccccnss 27 51/2 30 N
HistOlogyooaoonccooooo'- 27 51/2 23 5
Anatomy (animal)....... 29 51/3 23 5

a/Twenty-nine areas, rather than 30 are given because to
nclude one more would necessitate including four more,
since there are four areas having the same number of points.
b/These are inecluded as separate areas because in each case
he reason given for neming them as least important was
becsuse the material was being covered in other classes,
In this first survey, eight of the first 30 areas named
most often as most important were also found among the 29
areas named most often as least important. These &reas were:

Anatomy; botany; conservation; ecology; evolution; foods and

ﬁutrition; genetics; health and hygiene., While 1t was
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interesting to note this overlapping of areas, 1t did not
present a problem ln constructing the list of areas for
the second survey since no area was excluded from the list
of areas for the second survey on the basis that it was

included in the list of 29 least important areas.

2. The Second Survey

Introduction.~-~- As can be seen by an examinstion of

the llst of 30 most important areas given in the preceding
section, six of the areas are too incluasive to be used in
this second survey. These areas are human biology,
blology applied to humans; zoolosj; botany; and metazoan
vertebrates. The remaining 2l areas were placed in alpha-
betical order and were used for thls survey.

Sample.~-- Once agaln return postal cards were enclosed
and the letters were sent to the 793 people who had iIndicated
that they would be willing to do further work on the study.
These teachers were supplied a list of the 24 most important
areas of biology, as determined by part 1 of the survey.

They were asked to choose, from this list, the three
areas which they consldered most important and the three
areas which they considered least important.

Replies received.-- To the 793 letters sent, 527 replies

were received. Repllies were received from Ll states and
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Washington, D. C. Repllies were recelved from two states,
Texas and Tennessee, which had no replies in the first
survey.é/ This can be explalned by the probabllity that
two teachers had moved in the time that elapsed betwsen
the first and second survey.

Evaluation of the replies.-- From the replies which

were received, L77 were able to be used in determining the
most importent areas., A total of 50 replies were not used
in determining the most important areas, for the following
reasons: (1) only two areas given, 2 replies; (2) cards
incorrectly filled out, 5 replies; (3) four or more areas
listed, 23 replies; (i) claim that areas overlap one
another, 20 replles.

Table l} gives a ranking of the areas, according to the

number of times that they were named &s most important.

Pable 4. A Ranking of the 2l Areas According
to the Number of Times that they
were Chosen Among the Three Most
Important areas

Number of
Area Times Chosen

(1} {(2)
Essential Life ProcesséScsssee EEO
Biological PrincipleSicececess 9
Conservation of Natursl
Resources.............--.....- 157
H‘manPhySiOIOgy'onoaooocn--o. 99
Heﬂth&mgiene......'ﬁll.... 91

(concluded on next page)

I/36e page 27.



Table li. {concluded)

|
|

Ares

Number of
‘Times Chosen

(1)

(2]

Protoplasm and the Cell..sees.
Kinds of Living Things...sse..
Ecologic Relations to Manee...
Foods & Nutritionouuonooonoooo
Economic Significance of

Biology.'.....l.....l.l..l"i.

Natura study.ll.'.iilﬂlﬂ....l.
Anatomy of Plents & Animals

Without Emphasis on MaN.e.cses
Disease‘ltl..IO..........O....
Genetics of the HumBnN.:.ceeese s
Human ReproductionNe.ccsccccacs

Human Anatomy...............-.
Physiology of Plantz & Animals
Without Emphasis on MaNeesesses
Ecology Without Emphasis on

HanCOOOODOICOOC.‘.OCOCOQOOQIDC
Genetlcs of Plants & Animals

Without Emphaslis on Man.seecss
Conservation Without Emphasis
on Natural ResourceS.ie.cessves

Reproduction of Plants &
Animals Without Emphasls on
Man.......'.........-...-.....
EvolutionNesseseeoessscsvsssanss
Entomologyseecosccscasssssosces
Mryology..........’.........

36

Five hundred and one replles were usable in determining

the least important areas,

A totel of 26 replies was not

used in determining the least ilmportant areas, for the

following reascns: (1) only one area given, 1 reply;
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(2) only two areas given, 7 replies; (3) cards incorrectly
filled out, 2 replies; (4) four or more areas listed, 13
replies; (5) claim that areas overlap one another, 3 replies.
Table 5 gives a ranking of the aresas, according to the
number of times that they were named as least important.
Taeble 5, A Ranking of the 2lf Areas According
to the Number of Times that they

were Chosen Among the Three Least
Important Areas

Number of

Area Times Chosen

(1) (2)
EMbIYOlOog eessevsscsssosssncscnce 169
Congervation Without Emphasis
on Naturel ReBoUrCe8.i.ssvevsccse 1).'.9
Anatomy of Plants & Animals
Withcut EIﬂphaSis ofn M8Neessosse 1“.8
Evolution......I.......‘..-.... 1’-'-5
Ecology Without Emphasis on Man 104
Etltomology.‘.l..........I.'..l. 99
Nature Stud‘y’.......-....--..... 83
Physiclogy of Plants & Animasals
Without Emphasis on MaN..eeeees 81
Genetlics of Plants & Animals
Without Emphsasis on MaNl...sae.s 63
Kinds Of Lj-Ving TrliI]SSI.l...... 60
Health&Hygiane..'...'.......' Ll-a
Economlic Significance of
Biolog‘y................-....... Ll-h-
Reproduction of Plants &
Animals Without Emphasis on Man
Disease..--........C..l‘....... 38

{concluded on next page)
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Table 5. {(concluded)

Number of

Area Times Chosen

{1} (2}
Hman Anatomy...'.itdt..'......... 36
Ecologic Relatlions to Man......... 34
FOOdS& Nutritionoo------o-...--.. 33
Protoplasm and the Cell..cececcese 31
Human ReproductioN.ceceecsccecenes 29
G‘enetics Of the Human............. 28
Conservation of Natural Rescources. 16
Biological PrincipleBS.ccccesecsces 11
Hmm Phy-siology...Il..l.'...l.l‘. 10
Essentlial Life ProcesseB.ieasccscsss 2

In this second survey the area of "essential life
processes" was named most often as most important and it
was named least often (two teachers) as least important,
The ares of "biological principles®™ which ranked second in
the list of most important areas, was third from last in
the list of least important areas, The ares of "conserva-
tion of natural resources" which was third in the list of
" most important areas, was fourth from last in the list of
least importent areas. The area of "human physioclogy"
which ranked fourth 1n the list of most important sareas,
was second from the last in the list of least important
areas. Further, the area of "embryology", which was named

least often as most important, was named most often as least
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important.

3. The Test Construction

Areas to be included.-= In the second survey the four

areas that were named most often as most important were
named least often as least important. In the areas named

as most iImportant, there was a definite bresking point after
the fifth area, health and hyglene. Since, in many schools,
this 1s offered as a course, separate from genersl biology,
there would be a definite disadvantage to including this as
one of the areas of the test.

In examining the list of most important areas, we find
that the sixth and subseguent areas were each named as most
important by fewer than 58 teachers. Since replies from 477
teachers were included in this part of the study, 57 tesachers
would represent less than 12 per cent of the group. This
gives us an additional and very important reason for choosing
only four areas,

Also, in the 1list of least important arems, a definite
breaking polnt was found just prior te the last four items,
For these reasons the four areas were: (1) Essentisl Life
Processes, (2) Biologlical Princilples, (3) Conservation of
Natural Resources, and () Humsn Physiology, and accordingly
a test was made to give an indication of the extent to which

these areas were being learned.
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Type of test ltems.~~ It was felt that the multiple-

choice type item offered more advantages than any other
type. PFirst, this type item would test for recognition
rather than recall. This seems importsnt in a test given
nationally on material that may or may not have been
covered in class. Secondly, this type item probably would
be familiar to most of the puplls to be tested and even if
it were not, it would be an easily understood type of test
item. Thirdly, this type of item 1s capable of being
corrected with high objectivity.

To have all of the items of the seme type reduced to a
minimum the directions needed by the pupils being tested.
This would also allow more items to be done by the pupils
in the allotted time.

Number of test items.-- Since this was sn attempt to

test for a knowledge of the four previously mentioned areas
of biology, rather than speed in test taking, 1t seemed
desirable to keep the number of 1tems such that they could
all be answered by all pupils iIn the allotted time. Tests
were held in one school, and 1t waas determined that 100
mul tiple~-choice items could be anawered by ell pupils in a
thirty-minute time period., Thus, 100 multiple-choice items
were divided among the four areas named as most lmportant.

Those 1tems having high discriminatory power and median
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difficulty were used for computing the rellability of the
1
finel test.

Subject matter of test ltems.-~ The material for which

the items were intended to test was taken from numerous
high school biology texts. Since all of the materlsl was
takeﬁ from high school bioclogy texts, these serve as the
authority for the correctness of the items. The material
for three areas; namely, Essentiel Life Processes, Conserva-
tion of Natural Resources, and Human Physiology was clearly
end uniformly defined and described 1n the bilology texts.
However, this wae not the case with the area of Biologicsal
Principles.

While some of the texts clesarly defined this area,
others completely omitted any mention of the term as such.
Al though the principles could have been read Into the

content of the text, they were not expressed as principles.

L. Survey Concerning Biological Principles
Purpoge.-- After being constructed, to be certain that
the section of the test on Blological Principles had face
validity, another survey was deemed necessary.
Method.-- Flve l1tems taken as samples from the section

of the test on Blologlcal Principles, together with the

!7500 page 72.




42

principles being tested, were sent to 50 teachers. Each
one of these 50 teachers had previously listed Biological
Prineciples as one of the three most important aress of
biclogy. They were now asked whether or not the items
tested for a knowledge of biological principles. They were
also requested to meke comments 1f they so desired.
Results.~- There were 40 replies received. Four of
these claimed that an objective test was inadequate 1n test-
ing for a knowledge of biological prineciples. Thirty-six
of these, or 90 per cent, stated that the items did test
for & knowledge of blological principles. By virtue of
this response, it wes felt that the items had face valldity.

5. Description of Test Population

Method of obtaining and choosing classes.-- Letters

were sent to 100 teachers, briefly explalning the results

of' the previous perts of the study. The four most named
areas were listed, and the teachers were asked 1f they would
be willing to give & test in these four areas, It was
explained that, if they were willing, 30 coples of the test
would be sent to them some time near the end of the school
year, It was further explained that the tests would take
about 35 minutes to administer and they would not be

required to do any of the correcting of the tests,
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Elghty-five teschers replied to this letter. Seventy-
seven sald that they would be able to give the test. The
others were unable to give it for various reasons. Five of
the teachers who were able to give the test wanted consider-
ably more than thirty copies and seven of the Leschers ﬁho
were able to give the test wanted fewer than 20 copies. For
these reasons, these 12 teachers were not used in this part
of the study. Of the 65 remaining teachers, 50 were chosen
on the basls of the widest possible geographical distribu-
tion. A letter of explanation and thanks was sent to the
27 teachers who said that they would be willing to give the
tests, but who were not sent a set of 30 testa for one of
the above-mentioned reasons. However, these teachera were
sent a copy of the test together with a brief explanation.
They were asked to make comments on the test.

Suggestions for administering the test.-- Thirty coples

of the test were sent to the 50 teachers selected to give

the test. A letter was enclosed which sxplained that the
test was divided into four sections of 25 items each. They
were asked to allow 9 minutes for each group of 25 ques~
tions. This was to prevent a pupll from spending too much
tlme on any one group of gquestions. However, 1t was explain-
ed that if a pupil finished one group of questions before 9
minutes had elapsed, he should be allowed to continue on with



the next group of questions.

Requesat for coriticism of the test.-- These teachers

were asked to m2ke comments or crlticisms of the test, They
were especially asked to indlicate any ltems which they felt
were not teachable; l.e., l1tems in which the difficulty
level of the material was too high for high school pupils.l/

Number of tests returned and corrected.-- All of the

50 sets of tests were returned. However, tWwo of the sets
were not used. These schools had an early closing date,
and the teachers had received them too late to adminlster
Them. Two other sets of tests were not returned until the
following fall, and since much of the statistical work had
already been done, they were not included.

Forty-six sets, with a total of 1,260 tests, were
corrected and included iIn the study. These tests were all
administered sometime between May 20th and June 15th. This
was to be sure that most of the year's meterial had already
been covered, The slze of the classes ranged from a low of
20 to a high of 30, The average was 27.39. Only one set
of tests was given in any one sachool. Geographically, the
schools were located in 18 states. The states were:

California, Connecticut, Florida, Illinois, Indiana, Iowa,

I/For results, see Appendix A
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Kansas, Maryland, Massachusetts, Michlgan, Minnesots,
New Hampshire, New Jersey, New Mexico, New York, Ohlo,

Oregon, Pennsylvanis.

6. Results Obteined in the Test

Introduction.«- As was previously explained, 50 sets

of tests were diatributed. Two sets were not used by the
teachers and two other sets were returned toc late to be
included 1n the study. Forty-six sets, with a total of
1,260 tests, were corrected and included in the study.
After all of the tests were scored, the highest 27 per
cent and the lowest 27 per cent were grouped for further
study. Regarding this, Kirkpatrick and Cureton wrote:
"Ideally the high and low eriterion groups should each con-
tain 27 per cent of the total experimentsl semple, but esach
group may contain anywhere from 18 to 36 per cent with com-
paratively little loss of efficiency.'l In discussing the
size of upper and lower groups, Kelley states: "Upper and
lower groups consisting of 27 per cent from the extremes of
the criterion score distrlibution are optimal for the study

2
of test items.... In writing of the use of the upper

%/James T KiTkpatrick and Edward E. Cureton, Simplified
ables for Item Analysls, Educational and Psychologlical
Measurement (Winter 195L), 1li4:709-714, p. T09.

2/Truman L. Kelley, The Selection of Upper and Lower Groups
or the velidation of Test ltems, Journal ol Educatlonal
Psychology (Jenuary, 1939), 30:%17-24, p. 2.
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27 per cent end the lower 27 per cent, Thorndike says:

"We can reject the middle 46 per cent of cases, reducing
the clerical labor of tallylng almost by half and at the
same tlme increase the precilsion of our results.“l There
were 340 pupils in both the high and the low groups.

Responses for each item in the high and the low

group.-- The next step consisted in determining the number
of pupils in both the high group and the low group who
responded to the different cholices for each item. Table 6
gives the responses for each item In the highest 27 per
cent of the sample. The total number of pupils in the
sample was 1,260, There were 340 pupils in both the upper

and the lower 27 per cents.

Table 6. Responses for Each Item in the Highest

27 Per Cent
= ézoiéii_ — = = Correct
Item A B C D Omitted | Response
(1) (2) | (3) | (4) [ (5) (6) (7)
leeeos | 312 8 g 15 1 A
2. .o e 180 12 2 1’-‘6 0 D
3evees 11 249 9 70 1 B
Beoooo| 261 35 10 32 2 A
Deeses | 331 2 1 6 0 A

(continued on next page)

I/Robert L, Thorndike, Personnel Selection, John Wiley and
Sons, Inc., New York, 1949, p. <cil.




Table 6. (continued)
Choice £Eﬁrrect
Item A B c D Omiltted Response
(1) (2) [ (3) [(4) [ (5) (6) (7)
Geeesne 13 287 33 6 1 B
70.... 11 5 299 2)4. 1 G
L I ] 21]- 305 2 9 0 B
Qeeene 2 | 309 2 &7 0 B
10cceee 80 21 227 11 1 H
1leasce L 2 il 322 0 D
12¢ceee 22 88 226 3 1l C
13eecee 2l 217 0 2 0 B
lLI.ottoc 0 303 30 6 l B
15000ee 10 5 8 317 ¢ D
16.0ca. 20 269 0 50 1 B
17--... 277 3 29 31 0 A.
lB-ucoc 99 7 9 225 0 D
19404, i6 19% 120 10 0 B
20ee0ee] 212 9 23 6 1 A
2levese 1 335 4 0 0 B
22e0ese 3 335 1 1 0 B
23.cvus 18 16 177 128 1 C
see s h. 306 29 1 0 B
25¢00ee; 301 8 27 3 1 A
26..0-. 30 295 12 3 0 B
27-00.- Ll- 61'- 250 2]. l C
28cenne L 17 33 286 0 D
29¢cens 2 332 2 L 0 B
30i0en-. 37 63 33 | 195 12 D
3leceen 2 281 18 39 0 B
32.....] 108 27 | 143 61 i C
33ccene 0 277 36 26 i B
3'*.00-- 2]4. 8 19 289 0 D
35ceass 0 8 23 209 0 D

{continued on next page)

47



Table 6. (continued)

Cholce Correct
Item A B c D Cmitted | Response
(1) (<) 1 (3) | (4) 1(5) {(6) {7)

364.c.. 11 | 286 33 8
370.... 1 329 ‘.'. 6
38..... | 118 | 195 3 23
39¢es.e | 319 7 1

[0eees. | 14 | 16 | 302 8

Wl..... 7 72 | 240 19
2.e.e. | 12 | 279 140 6

43ceess i 3 i | 332
N

et et 332 3 1
tshooooo 60 279 1 0

basees 6l 8 19 | 243
B7e.ees {291 | 35 L | 10
IBee.es | 327 0 | 10 3
50e.e0. | 133 | 195 9 1

5leee.. | 107 1 L | 228
ga..... 33% L 1 1

SLI.. resw 13 17 296 13

omn

7
57..... 155 16 161'.
58..... 1 28 9 1 285

i
59esees | 17 13 1 | 309
60sccee 8 15 4 | 311

8

9

2

6leceos 8 | 265 59
3 282

"o 1 336
61‘.‘.0‘0 0 269 63 8
65.-.-. 2? 5 307 1

COOFO POFHFHO HFHOOOC NOOOF OOOQOWNh OoW
QEbw UookrQ woQed wWoklU WHrgWo Qp>o®

(concluded on next page)



Table 6. (concluded)
Cholce _ - Correct
Item 'y B "D omitted | Response
(1) (2) I (3) [ (4) | (5) (6) (7)
669 sses 2 23 289 26 0 c
6Teeees |327 1l 12 0 0 A
68. sese 319 10 10 0 1 A
69¢ee.. | 57 8 | 266 6 3 c
TOseess 220 0 1 118 1 A
710 ev e 269 52 0 18 1 A
720000e | 13 i 2 | 3 0 D
T3eeess | 26 3 12 299 Q D
Theeseo | 11 43 28% 2 0 c
75: veve 13 2 29 28 1 C
T6eeeces 0 333 0 7 ¢ B
T7eeees | 5 16 50 | 269 0 D
78cavne 0 0 340 0 0 c
T9eeeee| T | 304 | 25 i 0 B
Oseses |308 10 10 12 0 A
Bleaees | 32 0 300 T 1 C
82eccee 2 19 1 318 0 D
830 [N 6 10 306 18 0 C
Bllesess | 53 2y |183 72 8 c
X EXE) 295 10 32 1 2 A
86esces | 11 296 21 12 0 B
87eecee | 14 39 21 253 3 B
88. [ RN Bu 77 17’4‘ 2 3 C
89cecas |14k 11 2 | 180 3 D
90caees | 15 322 0 3 0 B
> 2 P 1 0 292 L7 0 D
92¢eses | 1l 25 139 159 3 C
93easee | Ut 21 266 9 0 C
- | T 0 10 5 325 0 D
95eaese | O 12 320 T 1 (]
96.eves | 21 304 13 1 1 B
9Teeeee | 16 305 6 12 1 B
98eeess | 55 50 65 | 163 7 D
99.0ses |294 18 6 15 T A
100..... |272 12 26 28 2 A




Table 7 glves the reaponses for each ltem in the

lowest 27 per cent of the sample.

Teble 7. Responses for Each Item in the Lowest

27 Per Cent

b —— — e —— et s e it e

Choice Correct

Item é& B C D Omitted nggpnse
(1) (2] (3) ] (4) | (5) (6) {7)
levess | 252 22 25 30 1l A
Cecese | 197 34 3 105 1 D
K P 29 170 22 107 12 B
feveos 78 69 37 140 16 A
eeses | 278 18 8 31 5 A
60 ceere ‘-]-7 176 87 23 7 B
Toosss 26 52 190 5l 18 C
8eevse |11 192 8 22 L B
Qeveee 2 198 25 82 9 B
10s.... | 56 hé | 177 5k 7 C
1l.ceee Ll 6 103 182 5 D
12400 93 92 87 51 17 C
13000 TT 216 8 26 13 B
he.... | 52| 188| 56| 26 18 B
15.00es 25 8 2L | 277 6 D
16eceee | 116 111 3 105 5 B
l17¢eeee | 101 36 116 11 10 A
18.cc0s | 129 35 32 il2 32 D
19..... 30 98 18’.‘. 20 8 B
20. L] N '-'-3 192 LI.S 37 23 A
2lecene 6 270 27 21 16 R
b} 26 285 L 10 15 B
2lesses 38 L3 80 152 27 C
‘2“.- LELRE I 17 196 85 21 21 B
25.c... | 169 37l 72 53 9 A

{(continued on next page)



Table 7. (continued)

_fﬁhoiee Correct

Item A D Cmitted  Response
{1) (2) (3) (h) (5) (6) (7)
2640000 | 164 | 118 19 35 4 B
2lencee 22 136 105 60 17 C
28eeee. 31 31 69 198 11 D
2940000 | 23 | 266 3 1 6 B
300000 39 106 sy | 102 39 D
3leveee 26 | 125 69 112 8 B
3240000 | 95 61 |150 23 11 C
33u0ee. 3 25u 50 | 24 9 B
ceees | TB 107 | 111 2ly D
35¢e... | 40 35 81 | 178 6 D
360 s 80 ?2 127 h‘S 16 B
37eeees | 84 | 208 | 48 | 25 8 B
1: PR ST 122 53 92 16 A
39es.ee | 179 il 88 51 11 A
4Os.e.e | 39 [ 127 (244 | 2 9 c
Wles... 23 61 17u 57 25 Y
cscse 58 92 69 28 B
U3eeses | 231 30 57 214 16 D
eeses | 223 63 9 25 20 A
4Seesee | 83 | 202 | 24| 10 25 B
46eeeo. | 68| 77 | 90| 70 35 D
U7eeeee | 140 57 L1 78 2l A
(RN N} 8 9 u-l 23 19 A.
49eer.e 8 36 [162 U7 27 c
Oeveee | 108 130 33 36 33 B
5lesee. | 139 16 70 106 9 D
52. seee 301 26 14‘ 5 ’+ A
53eeeee | 16 | 135 | 145 37 7 c
suc LI ) 95 5“- 128 '.'.9 l)_l. C
sa s 73 93 2? 132 15 B

(continued on next page)}

Boaton University
Sehool of Education

Library
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Table 7. (continued)

W ("}o_—;r301=

Item A B C D Omitted Response
[€Y) 2 13 1LYy 15 (6) (7)
56eesee | 18 60 (216 32 1 C
5Tececs | 47 L6 55 | 174 1 A
secen 33 L2 86 | 163 16 D
59. se e 70 9 29 219 13 D
60ecces 83 35 26 | 180 16 D
6lecese 21 130 3 | 117 18 B
62. es 2 6 23 238 11 D
63eease ho 22 36 | 227 15 D
sease 4L | 178 [118 27 13 B
65¢0.00 | 155 29 (116 14 26 ¢
66ccces | 42 101 102 1 2L c
6Teeeee | 166 35 86 2, 29 c
68..... 1231 | 36 10 21 A
69¢ccce 70 23 (193 32 20 A
70eeee. {122 1 28 |15 20 C
Tlesses |16 88 9 58 21 A
T2ecose 8 27 14 | 198 13 A
73- se o e 62 m‘- 212 8 D
Theosns 81 |11 115 12 14 D
T5¢cees 65 189 58 20 c
76eves- 16 | 24} 28 37 15 c
TToaces 32 23 73 | 190 22 B
TBeeens 17 7 242 Si 20 C
T9¢sves 51 | 200 55 17 17 B
80ec... | 1}2 6l 33 78 23 A
Blesees 73 I (190 45 28 ¢
82- css e e 6 17 6 3@-'- 7 D
83. s s 58 l',3 16 57 18 c
s e 88 50 7 99 27 C
B5.sese | 4T 52 67 50 2L A

(concluded on next page)
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Table 7. {concluded)

Cholce Correct

Item -y B T cmitted | Response
) (2) GY () 115 18) {7
86eeee. | 47 | 157 | 51 70 16 B
87- see e 56 l‘.B 93 119 2,-'- B
88.e0.. | 97 9 108 8 33 c
89..... | 90 5 20 | 143 29 D
90cecne L6 185 48 30 31 B
9l.e... | 14 17 200 8k 25 D
92..... | 45 | 108 37 | 124 26 c
930eese | 122 30 |136 27 25 c
oh..... | 15 | 86 | 27 | 183 29 D
95.cees 25 69 163 49 34 c
96.0.-0 77 126 71 37 29 B
97. se e 58 116 LI.O 93 33 B
sori | B || 8| & A
100..... 1768 | 36 {107 | 88 41 A

By examining Tables 6 and 7, we can see that some of
the cholices were eliminated by nearly all of the exeaminees
and therefore were poor distracters for the particulsr item.
In other cases, it can be seen that there was an approxi-
mately equal distribution of wrong anawers smong the three
distracters, thus indicating that they are sultable for the
pertioular item.

Per cent in each group with the correct response.-- The

next step was an asrithmetical determination of the per cent

in the high group and the per cent in the low group who
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responded correctly to each response. These per cents are

given in Table 8.

Table 8. Per Cents of Exeminees in Each Group With The
Correct Response

Group Group
Item High Low Item High Low
[6Y) (2) (3) (1) (2) (3)
l.-tco. 91-8 7)-‘-.2 26.. L] 86.7 31.8
20-..-0 “-3.0 30.9 27-0. s e 73-6 30.9
3&0.0-. 73.3 50.0 280.0 . 8}-..-2 58.3
L'-o-ooo. 76.8 22.9 299-0. - 97.7 ?8.3
50...-. 97.5 81-8 300. [ ] 57.1‘- 30.0
Geveoes | BB 51.8 3leceses | B2.6 36,8
7...... B .1 56.0 32... [ N ) ?.0 l‘h.l
Bll..l. 89-7 56.5 330-00t 105 7,4-07
9.:...- 91.0 58.3 3}.'. ----- L] 85-0 3207
10.veeee | 66.8 52.1 35e0eses | 91.0 52.4
110- L 9“-07 53.6 36.- sane 8‘.‘..2 21.2
12.&.... 6605 25.6 37...- 96.7 6003
13- sesan 93-L|. 63.6 3800 aven 3“—.7 1608
1}.'.-0.0-0 89.2 55.3 390.0.0. 9308 52'6
15..---‘ 93.3 81!5 l'.o-.'-cn 8808 1.’.2.,-'.
16.0.... 79.1 3206 l'-loo- - 70'6 51.2
l70c.o.. 81-5 29!7 ).‘.2. » L) 8201 2?.0
lBQno-.. 6602 33.0 ,-'- LR N ] 97.7 63.0
19aasees | 57.1 28.8 bheoeoooo 97.7 65.6
2000 ene . | 62.4 12.6 4S5.cev.e 82.1 59.5
21.-00.. 9805 7805 l“6."’ » 71'6 20.6
220..... 98.5 83.8 l-‘-?.o. -0 85.6 l|.1.2
23.ecas. | B2.1 23.5 h8ceevee. | 96.2 73.0
s e e 90.0 57.6 Ll.9 ------ 78.6 h.7.6
25...0.. | 88.6 4o.7 50ccecee | BTl 38.2

(concluded on next page)
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Table 8. (concluded)

Group : Group
Item High Low Item High Low
(1) 2) 3} 1) (2) (3)
Slecece 67.1 31.2 T6ecees 98.0 71.8
52icenes 98.3 88.5 TTooecs 79.2 55.9
53cacss 80.3 he.7 78.¢... |100.0 71.2
suooooo 87.0 37.7 79---.. 89.& 58.8
55..-.- 61.2' 270u 80-0000 90-6 uloa
56.-... 93;0 60.6 810..00 88.3 55.9
57cccee 5.6 13.8 B24e0.. | 93.6 89.4
58..-.- 308 8.0 83.--.. 90.0 u8.3
59¢4ese | 91.0 4.5 84..... | 53.8 22.3
60.-..- 91.6 5300 850.--. 8608 43.2
61-.-.- 78-0 3803 860..0' 87.1 45.8
624000e 83.0 70.0 BTeseee 11.5 1h.1
63..0.. 98.9 66-8 88.0.-- 51.2 3108
61‘-..-.. 79-1 52!3 890..!. 5209 ).‘.2.1
65.0... 90.3 Buol 900-..0 94.7 5“.&
66.0-00 8500 30.0 91000-0 1308 2&.7
67000.- 96.2 uB.B 92..-.. MDOB 10.9
68.-... 93.8 6800 93-0... 78.3 hQ.O
69..... 78.3 56‘8 9&.0-.. 95.7 53.8
700.0.- 6&.7 35.9 95!000. 9&.2 uB.O
71.0-.- 79.2 uB.a 96.0... 890% 3701
7200..0 9%;5 58.2 97.0-.. 890 3“-1
?3---.0 8 00 620“ 9800-on %7.9 26.u
Tu."'. 8306 3309 99.."’ 6.5 35.9
75.'... 87.1 5506 100-..-. 8000 20.0

Correction of the highest 27 per cent and the lowest

27 per cent for chance success.-- Since each item was of the

multiple cholce type, guessing has played an important part
in incressing the per cent of individuals who responded
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correctly to each item. Guilford says: "In the multiple
cholce type of test, however, lucky guessing increases a
student'!s score conslderably and also increases the propor-
tion of passing individuala."l It 1s necessary therefore
to correct the proportions reported in Table 8 for guessing.
Guilford says further: "Proportions that are thus artifi-
clally inflated because of the factor of guessing should not
ordinerily be used for scaling purposes unless corrections
for guessing are made. 2 In order to correct for chance
success, the per cents given in Table 8 were rounded to two
pleces, snd these were then translated into corrected per
cents mccording to & correction table by Guilford.3 These
corrected responses are found in Table 9.

Table 9. Per Cents of Exsminees in Each Group With The
Correct Response After Correction for Chance

Success
Group Group
Item High Low Item High Low
) 3 3) €3] 2) (3]
1oooc¢- 8903 65.3 h.-oooo 69-3 0.0
2-.-.-. 2‘-'-.0 800 ) Soaoo. 97‘3 76-0
30-...0 6“-.0 3303 6....- 8000 36.0

(continued on next page)
gﬁmd, Fundementsl Statlstics in Psychology snd
ducation, McGraw-H1ll BOOK (0., INC., New Yoiit—I§5%¥;iﬁ_550.
2/Ibid., p. 550
3/0p. eit., p. 552.




Table 9. {continued)
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Group Group

Item High Low Item High Low
(1) {2) (3) (1) {2) (3)
70.0.. 8 .0 hl-B 370...- 96.0 ub.?
seN e 8207 h207 380¢ooo 13-3 0.0
9.0.0- 88.0 uu.o 39..--. 92.0 3703
10..... 56.0 36.0 hﬂ-.-.. 8503 22.7
ll.coot 9303 38.7 se e 60.0 3“-7
124c00e 56.0 1.3 B2eeese 76.0 2.7
13..... 90.7 52.0 U3ceeee 97.3 50.7
lieseas 85.3 40.0 h%..... 97.3 Sh.7
15..... 9007 76.0 u s e e e 7600 u6.7
160..00 72.0 10.7 LI 6207 0.0
l?.onoo 7600 6.7 u?to-to 81.3 21.3
18ccens SheT 10.7 cesos 9h.7 64.0
19.0... h.2.7 5.3 }-..9-.00. 72.0 30.7
p-{ ¢ PP 49.3 0.0 50sccas 2.7 17.3
21--.-. 98.7 72.0 51.-000 56.0 800
22..--- 9807 78.7 52..-.& 97.3 8503
23..... 36.0 0.0 53.--.. 73.3 2“.0
(RN TN 8607 uu.o se g oas 82.7 1703
25cennse 85.3 33.3 essse 48.0 2.7
26---.0 8207 9.3 [N N 90.7 hB.O
27000.. 65.3 8.0 5?.--.. 28.0 000
28...-. 78.7 h.l{.oo 56.0.0. 78.7 30.7
29caace 97.3 T0.7 [ 88.0 53.3
-BOQGIOO h2.7 6.7 D.cooo 8903 37.3
31-0-.- 7703 16.0 61.-..0 7007 1703
32ecsee 22.7 25.3 62¢scce T73 60.0
3300.-- 76.0 66.7 63.000- 98.7 56.0
3&.0--0 80.0 1007 6“0-0.0 72.0 36.0
35-0--0 88.0 3600 65'0-00 86.7 1200
36.-00. 78.7 0-0 66.-.00 80.0 6.7

(concluded on next page)




Table 9. (concluded)
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Group Group
Item High Low Item High Low
[¢9) (2] (3) 69) (2) G
67...0- 9L|-07 3200 8'.].00-00 3807 0.0
68....- 92'0 5?.3 . e b aw 82.7 23.0
69ecsns 70.7 42.7 cveae 82.7 26.0
700 L N 5303 11‘..7 87-0 LN 000 0.0
Theoees 12,0 - 30.7 cress 34.7 9.3
729..0. 93.3 h‘h"o 89----. 3703 22-7
T3eecne 8%.0 49.3 9040 ee 93.3 38.7
7 sssne 7 .7 12.0 91..00- 0.0 0.0
75---.. 8207 2-]~.3 920-0-. 2103 000
TOsvoee 97.3 2.7 93cceesn 70.7 20,0
770-000 7200 1{1.3 9)-]-00.0. 9“-07 38.7
78. [ N 100.0 6103 95- LI 9200 30.7
79.00.- 85.3 h-503 96.0..- 8503 1600
310 TN 88.0 22.7 9Teeane 86.7 i2.0
81.-... 81‘..0 Lll-3 98..... 30.? 1.3
8200.‘. 92.0 85.3 9900-.0 8217 11‘-.7
B83.caes 86.7 30.7 100,cc.. T3.3 0.0

Total per cent who were assumed to know the correct

answer.~-- To determine the total per cent of those who wers
assumed to have known the correct answer, one needed only
average the corrected per cents of the high and the low
groups., This has been done in many studles., However,
concerning this method of arriving at a {otal per cent of

those who know the correct response, Fan states:

hung-Teh Fan, Item Ans}xsis Table, Educational Testing
ervice, Princeton, New Jersey, 1952, p. 3.
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"It has been observed, however, that this
estimate is subject to systematic error, particularly
in the cases of extreme values of P and high values of
the discrimination index. For a normal distribution,
the mean of Py and P}, overestimates values of P leas
than .50 and underestimates values of P greater than

.50."

In order that this error might not occeur, the per cent of
those aasumed to know the correct answer was determined by
using the tables by Fan(l/

To make possible the use of these tables, the decimal
found for each per cent in Table 9 was rounded. For example,
item Number 1 was changed from 89.3 to 89; item Number 8 was
changed from 85.7 to 87. The per cent of those who were

assumed to know the correct answer is given in Table 10.

Table 10, Per Cent of Examinees Who Were
Assumed to Know the Correct
Answer to Each Item
Item Per Cent JTten Per Cent
(1) (2) (1) (2)
leceoo 78 1levees 69
2..0.. tg %%00.0- 2ﬁ
3..0.0 L N N 7
seess 27 1’.’-0.-01 6‘.'.
teese 88 15¢cee. 84
6-..-- 59 16030-. 39
7..0.. 61'- t 1700.0. 38
* e a0 67 i 180.... 31
9..-.. 68 19oooon 21
10..... ,.I.6 20.000. 19

(continued on next page)



Table 10. (contlinued)

Item

Per Cent

Item

Per Cent

{1)

3]

(1)

{c)

21'....
22¢0e0e
230--00

Zheeees

26..'.‘

31.....
320.---
33.-0.0

35ccnes

36.00.0

37----0
38eceee

39..--.
).I..O.-ott

Wl.....

e E

§3eans

LN N N

[T JRP
UTeenes
%8°"'.

LI N N N

5l.....
52¢4...

89
91

ot
60

o
62
86

23

46
2l
72

&

32
76
06

67
55
47

2

80
62

53eecss

*e e

STG--.

L]
L ]
L I BN 2R AN
*
L]

59---..
60'..'.

61..’--
62..".

23 .....
65.0.0.
66...-.
670.---

68.".
69....
70.-..
71..0-
72.0.0

T3e0es
7 L
7 [ 3N )
76.00.
77.0-.

. & & 9 @

¢« & 5 8

48
50
21
72
11

56
72

65
&

(concluded on next page)
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Table 10, (concluded)

Item Per Cent Item Per Cent
(1) (2) (1) (2)
85..0.0 5 930.... '-LB
86....‘ 5% 9%.'..' 71
87..0.. 00 9 * e 4 sa 6,-‘-
cevas 21 96cee.n 51
89.cee.s 30 9 Teoses L
9064 ecss 69 98.ccee 12
91..... 00 M 99.vnl k9
92...'. 09 loo‘.... 29

Difficulty Index.-- The per cents given in Table 10

give a true velue for the difficulty of each item. However,
thesgs per cents do not constitute & linear scale and
therefore, with such values we are unable to comparel/ one
item with another or one group of items with another group.
It 1a therefore necessary to state the difficulty of each
item in terms of a 11negr acale, This 1s done by using a
chart devised by Davia.g/ From this chart both the
difficulty index and the discrimination index may be
obtalned from the percentages of successes in the highest
and in the loweat 27 per cent of the sample. This chart

was used to obtain the difficulty indices found in Teble 1l.

I/For a comparison, see p. 65.

g/Fraderick B. Davis, Item Analysis Chart, Cooperative Test
Service of the American Council on Education, New York,

1944




Table 11, Diffioculty Index for

Each Item

Difficulty | Difficulty
Item Index Item Index
(1) (2) (1) (2)
110- . 66 31.0 . LI.B
200.. @ 320- - 35
3‘00 - u—g 330-00- 62
u.t-. ua 34 ..... LLS
5.-0- 72 35.00 - 56
Goness S 36e0ees 45
7.-0.- 57 37.00 L] 62
8- LR R 58 38. L] 19
> JRR 59 39ceass 58
100s.s 48 40.. 52
11..-.0 59 LI N ] “—9
12. 280 38 ﬁ.o.o- LI-S
1,3.0.. L ] g% 1'113'....‘. 2%
l LR ] L] L N ] L
15.0e0s 71 45.. 56
16ccces 6 fBeeaoe Lo
170eeee 2 B7eeeeo 51
180.00- h—l ,-I.BO *ew 68
19¢eaes 35 ég ..... o1
20.- e 36 s e g 39
21...-0 72 51. - L‘.o
224000 ns 76 B2¢enes 78
gﬁttdtl %% gﬁ... L] %g
25, an 55 55..... 36
26.000s 48 Sheeces 61
27.0 L4 j—l-3 570.. ] 28
28.. - 56 58000 L] 53
29ecens 71 (- TR 61
300.. 36 60.0 - 57

{concluded on next page)
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Table 11l. {concluded)

m
Item Index Item Index
[§9) (2) €3] (2)
61.--0. 7 81..--- 57
62'...' ‘él-o 82.‘!.. 76
2300.-0 gg gﬁ...-o gg
gt 2 st 25
660cnes 47 86..... 53
67.0... 58 8700-.. 0
68...-. 6)4- 88..... 34
690---. Su 89.00-. 39
TOes s 3 > {4 PO, 59
71.'... 51 91-..00 0
72...0. 60 92-0... 2%
730-0.0 59 93-.--. L[.
7hoot-¢ hB 9&0.--- 59
75....- 56 95---00 56
76-0.-. 68 960.... 51
TToesas 5 > I 50
78..... 6 98..-0. 30
79--.0. 58 99 ooooo 50
80..... 53 loo...-u L‘.3

In order to use this chart of Davis, the per cents
found 1n Table 9 were rounded to two places. In those cases
in which the percentage of success in the lowest 27 per cent
of the sample were zero, the difficulty ind%ces were obtainsd

according to a method recommended by Davis, who states

i/Frederick B. Davis, Item-Analysis Data Their Computation,
Interpretation, and Use In Test Constructlion, Graduate
School of Education, Harvard Unlversity, Cambridge, Mass.,
1949, pp. 35, 36.




6l

that: "For an item of this sort, a satisfactory difficulty
index may be obteined by averaging the proportions of
successes (corrected for chance) in the highest and lowest
27 per cent of the sample and reading the difficulty index."
This was done and the difficulty index determined from the
table by Daviel for this purpose, For example, Table
Numﬁer 9 gives 89.3 as the per cent of examinees 1in the
upper 27 per cent who had the correct response, after
correction for chance success., This same table gives 65.2
as the per cent of examinees in the lower 27 per cent who
had the correct response, after correction for chance
success. These numbers were rounded to 89 and 65 respec-
tively and then used in Davis' chart to glve a difficulty
index of 66,
2 3

In the two cases (Item Number 87 and Item Number 91 )
in which the percentages of success in both the high and the
low group were zero, the difficulty index is given as zero.
Davis states that, "....if both percenteges are zero, the

ySZE. Qito, P 38-

2/Item 87. The type of scil which is best able to hold water
s a (a) sandy scoill; (b) clay soil; (¢) mixture of sand and
clay; (d) loamy soil.

3/Item 91. Many wild flowers are protected by law and must
not be picked. This is beceuse these flowers (a) are
poisonous; (b) cause sllergies; (c) are becoming extinct;
(d) furnish food and shelter to birds.

4/Ibid., p. 37.
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discrimination index is zero, and the difficulty index may
be recorded as gzero,"

It is interesting to note that no tesacher commented on
either Item 87 or Item 91, Yet, these are the two ltems
which proved to be the poorest in the test, iIn terms of test
results,

In Item 87, a loamy soll was given as the correct
answer by most of the puplls who took the test. This
answer could well come from an assoclation of water in the
soil gnd gsoil fertility. While thls association is incor-
rect, it 1s nevertheless rather common. In Item 91, the
most popular answer was that the wild flowers are hecoming
extinct. While this 1s true, and while there is at present
a strong movement to protect them for thls reason, the laws
have been passed for the protectlion of birds rather than for
the flowers themselves,

The difficulty indices for each section of the test
were averaged for comparison. It was found that the mesn of
the indices for the items on biological principles was 53,32,
This was alightly higher than the average of the indices for
the items on human physiology, which was 53.04. For the
items on essentlial l1life processes, the aversge of the indices
was 50.64. The lowest average index was for the items which
deslt with conservation. It was 46.76. This could indicate

that of these four areas, conservation has been most sericusly
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neglected,

Discrimination Index.-- In an item anaiysis, it is

necesseary to determine the discriminating power of sach
item. In those cases where the discriminating power is low
or even negative, we must carefully consider the usability
of such items, Davis!'! Item Anslysis Charﬁl/ was again used
to determine the dlscrimination index for each test 1ltem.
The discrimination indices of Davis have values ranging from
sero to 100. Regarding the vslues, Daviég/ says:

"In actusl practice, diserimination indices close
to 100 will virtusally never be obtalned. Items with
discrimination indices above 20 will ordinarily be
found to have sufflcient discriminating power for use
in most achievement and aptitude teasts."”

. The discrimination indices for each item are reported
in Table 12. Since the discrimination indices of Davis are
not as famillar as either Pearson's product-moment
coefficlents of correlation (r) or Flanagan's product-
moment coefficients of correlation (z), the equilavent
values for these are also glven in Table 12, The discrimina-
tion 1lndex hes been translated into both r and z by using a
table devised by Davis, In those cases where the percent-

ages of successes in the lowest 27 per cent of the semple 1is
i/0p. eit.

2/Ibid., p. 15.

3/ibid., pp. 13, 14,
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1/

zero, adjustment was described by Davis. In each case

the new percentage becams one.

2

However, Davis states:

"A discrimination index obtained by this procedure is

always an underestimate, and this fact can be noted conve-

niently by adding a plus-sign superscript to the index."

As can be seen from Table 12, this method has been followed.

Table 12. Discrimination Index and Equive-

lent Values of ré&

and zE

Discriminstion
Item Index r z
(1) (2) (3) | (4)
l-oooccooo-- 21 th 035
2.000000-..- 17 -27 028
3eeeeesccnne 19 «31 32
* 9 S 8 5089 & 67+ .80+ 1.ll+
L BB I BRI Y 19 031 .32
Buvecvanacns 30 46 .50
7........!.0 30 .)4-6 050
[N NN EEENEER] 32 Oua O53
9.0.0--...-0 32 .uB -53
10.---000'.00 32 .20 .20
llececovacesns 12 .61 «T1
12....00.0.0‘ u3 075 097
130..-0-.0... 58 .u? 051
lu.‘ll.l..ulﬂ 31 cua 053
15 cieneens 32 « 26 27

(continued on next psage)

beida [} P- 35'
2/Loc. ecit.



Table 12, (contlnued)

16000.0.00.-.
17.-.-.000.-.
18--..---00--
19‘ ..........

ZOOCOCOOOOOCO

21...‘.0'..-.
22.-.....".'

213..........'
25,
260 eiencennan

29---0---00--
300 ccccc so e
31... ae LI I
32 oooooo LI I ]
33.-. ....... L
Bu.-... ..... L)
35-- .ae D)
36.... .......
37...-. *cs e
38-.-..------
390- LI I .
h.000000¢oo-o.
Ll.l.-o . “sw
2

U5eceenncaens

(continued on next page)

.76
«33

68



Table 12. {continued)

Diascrimination

Item Index r
(1) (2) (3)
U6eeevvceenns 63+ .78
u-? ...... *e 0w ‘.1.2 .60
LI,.B. ----- s s a9 32 .LI.B
f9ceeeecraane 26 440
50ccceaconns .o 19 <31
51--.--...0-. 38 056
B2eescsacsns . 21 .3%
53.-... oooooo 32 .
54---.. ------ hz L] 5
55 ----- sa20 e LI.6 oéh.
560 seTsREs s 35 052
57. LI BN 3 B BN u3+ .61
BBevincances . 32 4.8
59cecevaccns . 27 41
60secescncas . 38 .56
Bleeeccscces . 37 .55
62..' - . @ L d 12 .20
63 $ s seenea 52 070
6“. s b ese . 23 036
B eeectensons 55 .72
66..0. [ L N 56 073
6Tceeonccnnas 52 «TO
68.00 oooooooo 30 .‘+6
69. LI IR BN W 18 029
7000..-00 oe s 27 -Ll-l
71‘..0. ...... 26 .L’-O
T2eeesnesasase Lo .58
T3¢esncsasacs 25 « 39
7“-. ooooooooo [ 1.(.9 .67
75¢tt.o oooooo 29 .LI.S

{concluded on next page)




Table 12. (concluded)

Discrimination
Item Index r 4
(1) (2) (3) | (4)
76......000.- 39 .57 -65
770..90..0..0 20 .32 .33
7 0 80 0SSRy 50 068 083
79.'......!.. & L ] 5 .“-8
BODOOOOI..... u? » 5 .78
810..--.0.-.- 30 ‘u6 .50
82....;.-0..0 9 015 015
Bleeeooossasns Lo .58 .66
Buoocncooon-o 50+ 068+ -83+
8 LI B BN BN BE BN BN BE B BN }+l '59 .68
86---.0-0-000 38 056 063
87..0.0..0..' o .00 .00
88.---.-0..-. 23 .36 -38
89..--0...-.. 10 .17 .17
90..-...0-... L‘.3 .61 .71
91...0..'.‘.' 0 '00 .00
92.--..--000. 37+ 055+ 061+
93...-. ..... [ ] 35 052 .58
9 *r e sesdasssss u? t65 078
95.0...---.-. h? 065 078
1
96...|-.o.||. 50 .68 083
970....-000-0 55 072 .91
98...00...-0. h5 063 t?h
99!“.!...... 48 .66 .79
1000..'0.0.'.. 70+ .82+ 1016*

a8/Pearson's Product-Moment Coefficient of

Correlation.

b/Flansgan's Product-Moment Coefficient of

~ Gorrelation.

70
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Revision of the test.-- Since a number of ltems in

the test were not of a high discriminatory nature, they
were deleted from the finsl test. (ther items were deleted
because they were too easy or too difficult.

This procedure was followed by Readl in the construc-
tion of a non-verbel picture test. Further justification
for this method of test revislon can be found in an article
oy Horst2 who discusses the construction of a final test
through one administration by first glving an excess number
of items and then eliminating some of them. Under this
system no pilot test was needed.

In determining the ltems to be eliminated, Davis!
Difficulty Index for each ltem was used together with
Pearsonts Product-Moment Coefficient of Correlation for
each item. Any item which had a difficulty index of 0-30
or 76-100 was eliminated.

There were 10 items which came in these categories.
They were items Number 2, 22, 38, 52, 57, 82, 87, 91, 92,
and 98. Any item which had a coefficlent of correlation

I/John G. Read, "Measuring with a Non-Verbal Picture Test,

e Abllity to Recognize and Classify some (b jecta and
Situstions Associated with the Physical Science Environ-
ment," Unpublished Doctorsl Dissertation, Boston University
School of Education, 1954, p. 37.

2/Paul Horst, "Item Selection by Means of a Maximizing :
unction,”™ Psychometrikas, Volume 1, Number l, December 1936,
Pp. 229-24).
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of 0 to 30 was eliminated. There were 13 items which
came in this category. They were items Number 2, 10, 15,
17, 32, 33, 41, 62, 69, 82, 87, 89, 91.

This method of eliminating items by inspection 1s
justified in an article by Richardson and Adkinsl where
they state: "Regardless of what procedure is used, the
item indices are subject to sampling fluctuations which
possibly are of such masgnitude that the choice among
methods is practically a matter of no importance."

Since four items (Numbers 2, 82, 87, 91) were deleted
from the tesgt, because of both thelr difficulty index snd
their coefficient of correlation, there was a total of 19
items deleted from the teat., An estimated reliability
coefficient was then obtained for the 81 remaining items,

Bstimated rellabllity cocefficient of the revised test,--

An estimated rellablility coefficient was obtalned using the

1tem-test correlations of the 81 items in the revised test,
2
according to a method described by Guliford. To obtain

an estimated relliabllity according to thls method, 1t is
necessary to compute the mean of the point-blserial rs.

1/M, W. Richerdson and Dorothy C. Adkins, "A Rapid Method

of Selecting Test Items," Journal of Educationsl Psychology,
29:547-552, 1939, p. 547.

2/J3. P. Guilford, Fundamental Statistics in Psychology &nd
Education, McGraw-HI1l Book Co.;_Tﬁc.,'ﬁew'YbrE, IQS%,

PP 453-L5kL.
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In this test, scored as it was, a point-biserial r is the
1
same as a product-moment r. Guilford states that:

"If we gave & "score™ of +1 to each person with
8 correct asnswer and a "score™ of zero to each person
with a wrong answer, in the item varlable we should
have only two class Intervals and we treat them as 1f
they were genulne categories. A product-moment r
could be computed with Pearson'!s baslc formula, The
result would be s point-biserial r."

The mean of the correlations of items with a total test
score (Ti4) was computed and found to be .56. The number of
items (n) in the revised test was 81, These figures were
ugsed in the following formule, found in Guilford:2

n Fft

g = >
l + (n-1) -i;i'b

The estimated reliability coefficient, as determined by
use of this formula was .97. This coefficlent seems to be
spurlously high, and it is undoubtedly due both to the wide
range of difficulty of the items and also to the raenge among
the product-moment coefficlients for each item. 0On this
matter, Gullford writes:

"In estimating an internal consistency iy, most
methods rest upon the assumption of equivalence of

parts in the sense of equality of difficulty and
equallity of intercorrelation. If these conditions are

yOEO cito, De. 302,
g/_L_..O . cit., p. 454
3/0p._eit., p. 457.
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not satisflied, estimates of ryi may still be mads,
but the farther the departure of the situation from
these specifications, the more is r,; likely to be
in srror."

Anallgis of each item.-- In order that the 1Information

given in tabular form in the preceding pages may prove more
meaningful with respect to each item, a complete analysis
of each item is given in the following pages.

This analysis of each item, giving all of the informa-
tion on one page, could be & great aid to blology teachers
and others engaged in the construction of blology tests,

By examining a particular item we can obtaln indications as
to effective distracters, and also we can gain some lnsight
into the thinking of these young people when they give
incorrect snswers to these items. A few examples might
clarify these points.

In item Number L5, "Absorption of a substance through &
membrane 1s termed (a) diffusion; (b) osmosis; (c¢) catebolism;
(d) erosion." the only good distracter seems to be (a). This
would seem to indicate that nearly all of the students have a
knowledge of diffusion and osmosis, but many have failed to
grasp the slgnifilecant difference between the two processes,

In item Number 50, "Seedless oranges are propagated by
(a) hybridization; (b) grafting; (¢) hydroponics; (d) fission."

the best distracter 1s (a). Yet, if the students were reason-
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abls and carseful in their thinking, they would have elimi-
nated this distracter, knowing that hybridization is per-
formed to produce new varietles rather than propagate those
already in existence.

In Item 51, "The part of the human body in which bile
is stored is the {(a) liver; (b) duodenum; (c) pancreas;
(d) gall bladder.”™ choice (c¢) was & sulitable distracter for
the low group, but not for the high group. However, choice
(a) was attractive to both groups, In the low group more
marked choice (&) than marked the correct choice. It is
possible that the relative sigze of these two organs has
some bearing on the evident confusion. Some teachers may
have observed this matter of a considerebly smaller orgsan
storing the product of a larger organ to be a polnt of
confusion with many of thelr studentas.

Here, 1t may be worthwhile to repeat the breakdown of

items:
l - 25.-........-.51010310&1 Principles
26 = 50iiese0ece...Essential Life Processes
Sl - 75-...-.......1‘1“]31811 PhYSiology

100..0cetseeessConservation

76
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Item #1 The strongest indication that evolution has
occurred is (a) fossil records; (b) uplifting
of mountains; (c¢) sinking of land;

(d) geographic isclation.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
312 8 [t 15 1
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
252 22 25 30 11

Correct ReSpONSBa.cscevveecevresssonesnrvssnracennns A

Per Cents of FExaminees in Each Group With The
Correct Response
High Low

91.8 The2

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High ~ Low
89.3 65.3

Per Cent of Examinees Who Know the (orrect Answer
To Each Itemll..‘.lilili.Ol...'..-...l.l.'. 78

Difficulty Index...;..t-..‘.pl' S0 % 2 ¥ T S AN 66
Discrimination Indexitﬂ...--I.'I“....'.‘l 2]_
Equivalent Value of Pearsonfe r........... 3}

Equivalent Value of Fisher's z............ 35
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Item #2 When identicel twins do not do equally well in
school, 1t is probably because (s) they were
born with different capacities; {b) there is
a difference in the size of their brains;

(c) there 1s a difference in the sige of their

bodles; (d) there is somewhat of a difference
in their environment.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
180 12 2 146 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c : D Omitted
197 34 3 105 1

COrrect Responsetcl-..'.-..-..Cloacnolil....'lo D

Per Cents of Fxaminees in Each Group With The
Correct Respcnse
‘ High Low

L|-3°0 3019

Per Cents of Fxaminees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

2.0 8.0
Per Cent of Examinees Who XKnow the Correct Answer
TO EaCh Item-........... ------- P T I ) 15

Difficulty Index....,......_..__.4-.............. 29
Discrimination Inde’x--.--..--ooacoo-..u-o-- 17
Equivalent Value of Pearson's ruv.......... o7

Equivalent Value of Fisher's zZ.......s0:02 ,28
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Item #3 For their food supply, all living things are
dependent upon (a) nucleoplasm; (b) chlorophyll;
(¢) chromatin; (d) eytoplasm.

Responses for Each Item in the Highest 27 Per Cent

Cheice
A . B ) C D Omitted
11 249 9 70 1
Responses for Each Item in the Lowest 27 Per (Cent
Choice
A B C D Omitted
29 170 22 107 12

COI‘I’ect Hespdnse..............-.-a....-...--.‘-‘- B

Per Cents of Examinees in Each Group With The
Correct Response

High Low

73.3 50.0

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Sueccess

High Low
64.0 33.3

Per Cent of Examinees Who Know the Correct Answer
To EaCh Item.‘.‘.,--..‘.--....’.'.............. ua

Difficulty InGeX.dsssssassnatssacccssannss 49
Discrimination IndeX..veeeasssntasoovssrees 19
Equivalent Value of Pearson's r'..,eeecesee 31

Equivalent Value of Fisher's z.......ccaa0 .32
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Item #li The fact that new kinds of living things
have gome into existence is best explained
by (a) the mutation theory; (b) the theory
of acquired traita; (c) the theory of over-
production; (d) creation.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D tmitted
261 35 10 32 2
Responses for Each Item in the Lowest 27 Per Cent
Cholice
A B C D Omitted
78 69 37 140 i6
correct Response.‘.....-.i.t..'I-I.....-‘.....I A

Per Cents of Exsminees in Each Group With The
Correct Respcnse
High Low

T6.8 22,9

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

69,3 0.0
Per Cent of Examinees Who Know the Correct Answer
To Each IteMe.eeeeeareaaae teessnansannes .o 27~

Dirriculty IndGXO-looctl..-Q..l.ooo.-o-.n.o ua
Discrimination Indexou-ooooooo.uoooo.oouao 67+
Equivalent Value of Pearson's Pee.esecee.e 804

Equivalent Value of Fisher's z...... ceveee 1,114
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Item #5 Heredity determiners are (a) genes; (b) nuclei;
(6) nucleoli; (d) centrosomes,

Responses for Each Item in the Highest 27 Per Cent

Choaiee
A B c D____Omitted
331 2 1l 6 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c, D___ omitted
278 18 8 31 5

Correct Response'oqgg'lyl"..,nn"l"lllll.ul... A

Per Cents of Fxaminees in Esch Group With The
Correct Response

High Loy

97.5 81.8

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Buccess

High Low
97.3 716.

Per Cent of Examinees Who Know the Correct Answer
TO Each Itemo-o'u-ya--‘-o----cn-.---o'---o--.- 88

Difficulty Index.......-..o-—.‘-.u........... 72
Discrimination IndeX...vsaseevesscccsaares 19
Equivalent Value of Pearson's r.is.eseveces o31

Equivalent Value of Fisher's Z..c..veevvae 432
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Item #6 When we exercise, we breathe faster because
{(e) we are tired; (b) we need enoergy; (c) there
1s less oxygen in the air; (d) there is less
carbon dioxide in the air.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
13 287 33 6 1
Responses for Each Item in the Lowest 27 Per (Cent
Choice
A B c D Omitted
L7 176 87 23 7

COI‘I‘eCt Response.-...--a..-...-....-..-...-..-- B

Per Cents of Examinees in Each Group With The
Correct Resvponse
High Low

8’-]--5 51.8

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

80.0 36,0
Per Cent of Examinees Who Know the Correct Answer
To Each Item........ evretessicetsnsscnssses 59

Difficulty IndeX.eseessvecnassescsanransas Sh
Discrimination Ind6Xe.ccvvevssesncscensass 30
Equivalent Value of Pearson’s Iuieceesessas L6

Equivalent Value of Fisher's Z.......vscee 50
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Item #7 The term evolution mesna that (a) 1ifse came
from non-1ife; (b) we have uncovered fossils;
(c¢) living things are constantly changing;
{(d) man descended from the ape.

Responses for Each Item in the Highest 27 Per (Cent

Choice
A B C D Omitted
11 5 299 2 1
Responses for Each Item in the Lowest 27 Per Cent
' Choice
A B C D Omitted
26 52 190 Sl 18
Correct ReSPONSGscsceccrtnssasssennsssssenssssss (

Per Cents of Fxaminees in Each Group With The
Correct Resvcnse
High Low

88.1 56.0

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High. Low

84.0 3.3
Per Cent of Examinees Who Kncw the Correct Answer
To Each Item...b..-t-.l.‘l.ll.‘....u....-. 6h
DiffiCulty Index..........-;.'.--...-....... 57

Discrimination Index.l...Il...'.."O....l' 30
Equivalent Value of Pearson's Ti.......... 4§

Equivalent Velue of Fisher's 2............ ,50
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Item #8 The ultimate source of the energy of all
living things is (a) food; (b) the sun;
(¢) the soil; (d) green plants,

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
24 305 2 9 0
Responses for Each Ifem in the Lowest 27 Per Cent
Choice
A B c D omitted
11, 192 8 22 i

Correct REeSpPONSE€e.cctccesasessesviassassasansenas B

Per Cents of Examinees in Each Group With The

Correct Response
High Low

89.7 5645

Per Cents of Examinees 1in Each Group With The
Correct Response After Correction for Chance
Success

High Low
86.7 “-2.7

Per Cent of Examlinees Who Know the Correct Answer
To EachItem.ilﬂ....I.lI.“l..l'.'l..l‘... 67

Difficulty IndGX'c...’Inl"t..ob.-oo..ooo-oo 58
Discrimination IndeXe.eeeeevevosvecnoceses 32
Equivalent Value of Pearson's ri......s<.. 48

Equivalent Value of Fisher's z........vvss .53
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Item #9 The basic unit of plant and animal structure
is the (a) tisaue; (b) cell; (c) egg;
{(d) nucleus.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
2 309 2 27 4]
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C _ D Omitted
26 198 25 82 9

COrI‘ect Response......l‘-q..t..o-cl..'.li.-.l.l. B

Per Cents of Examinees in Each Group With The
Correct Response

High Low
91.0 58.3

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
88.0 IR

Per Cent of Examinees Who Know the Correct Answer
To Each Item...'.l........l'.........'.l" 68

DiffiCUlty Index..;-.-.....-...-....-....... 59
DisCPimination Index.---..-...o...o...--.¢ 32
Equivalent Value of Pearson's r........... ,i8

Equivalent Value of Fisher's z............ ,53
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Item #10 A knowledge of chemistry is important in
the study of bilology, because {a) living
things are made up of chemicals; (b) living
things are dependent upon chemicals; (¢) life
processes involve chemical change; (d) a
biologlst should have a knowledge of the other
sclences.

Responses for Each Item in the Highest 27 Per Cent

Cheice
A B C D Omltted
80 21 227 11 1
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C , D Omitted
56 L6 177 5t 7

Correct ReSpOnse...-...-...s--.-..--..-.---.--. c

Per Cents of Fxaminees in Each Group With The
Correct Response
Hlgh Low

66.8 52.1

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
56.0 36.0

Per Cent of Examinees Who Kncw the Correct Answer
To Each Iteml...'-'..l.....C......Q....'l. ué

Difficulty Index.......-q...-.a.-.-...--..- l‘_B
Discrimination IndeX...ecevecevcccncnseese 12
Equivalent Value of Pearson's r.i...cee-s.- .20

Equivalent Value of Fisher's Z..........ves ,20
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Item #11 The basic substance of sil 1ife is (a) the
nucleus; (b) the nucleolus; (c¢) the cell:
(d) protoplasm.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
4 3 11 322 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D omitted
L 6 103 182 5

Correct Response.'o.l.lc-.l....'......l..l..l.. D

Per Cents of Examinees in Esch Group With The
Correct Response
High Low

EL R 53.6

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
9303 38.7

Per Cent of Examinees Who Know the Correct Answer
TO EaCh Itemﬂiﬂl'..l.l‘lt.ltll...“lu.'-.. 69

Difficulty IndeX.cseescessnnseaccarecacnes 59
Discrimination IndeXe...cvevcevcccccassesa }3
Equivalent Value of Pearson's PFe.sscesaees 61

Equivalent Value of Fisher's z............ 71
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Item #12 In plant and animal 1ife, whenever the
structure of an organism becomes more complex,
then there ls always an increase in (a) the
slze of the organism; (b) the needs of the
organism; {(c) the division of labor within
the organism; (d) the number of offspring
produced by the organism.

Responses for Each Item in the Highest 27 Per (Cent

Choice
A B C D Omitted
22 88 226 3 1
Responses for Each Item in the Lowest 27 Per (Cent
Choice
A B c D ogmitted
93 92 87 51 17

Correct ResSpoONnSE....veecrcesscscsscossessssreene

Per Cents of Fxaminees in Each Group With The
Correct Response
High Low

66.5 25,6

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

56.0 1.3
Per Cent of Examinees Who Knew the Correct Answer
To Each IteMesseeceessnteconsccnnncaas cese 22

DiffiCUlty Index-.‘.‘ogitiiptﬁi_ﬂ..-l.anu‘-l 38
Discrimination ;ndex.......,..,........... 58
Equivalent Value of Pearson's r........... ,75

Equivalent Value of Fisher's z......... ees W97
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Item # 13 The orow, the English sparrow, and the
starling ococur over a very wide area because
(a} they produce great numbers of offspring;
(b) they are able to vary their diets and
living conditlons; (c) they require very
l1ittle food; (d) they are protected by law.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
21 317 0 2 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
17 216 8 26 13

Correct ResSpONSe@...cceecarsssscnsssanssscnsssese B

Per Cents of Examinees in Each Group With The
Correct Response
High Low

93.4 63.6
Per Cents of Examinees in Each Group With The

Correct Response After Correction for Chance
Success

High Low
90.7 52.0

Per Cent of Examinees Who Knew the Correct Answenr
To EaCh Item'n.......-l.o....DOUCI...l'I.. Th

DiffiCUItY Indax.......-....c,. L5 B I B B B I B N R 61
Discrimination IndeX..eeseevievccncenssses 31
Equivalent Value of Pearson's Po.......c.e 47

Equivalent Value of Fisher's z............ .5}l
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Item #1) The fact that the European corn borer is
Wwidespread in the United States indicates
that (a) it 1s a pest; (b) 1t has adjusted
to the environment; (¢) it cannot be
controlled; (d) it is not a harmful insect.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
0 303 30 6 1
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
52 188 56 26 18

Correct Response.----..--5.&-.......-...-.--o-- B

Per Cents of Exeminees in Each Group With The
Correct Response
High Low

89.2 55.3

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

85.3 40.0
Per Cent of Examinees Who Enow the Correct Answer
To EaCh Item'IOOIDOCQOQC..IOOCO. ooooo .r-... 6”_

Difficu.lt'y Index...-...-.s-.oo--..........- 57
Discrimination IndeX...ccsceceereeccncssss 32
Equivalent Value of Pearson's r........... _L8

Equivalent Value of Fisher's z............ ,g§3
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Item #15 In the human, there 1s & building up of
protoplasm (a) only when the person is young;
(b) only when the person is eating; (c) only
when the person is sleeping; (d) during the
entire life of the person.,

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Cmitted
10 5 8 317 0
Responses for Each Item in the Lowest 27 Per Cent
Cholice
A B C D Omitted
25 8 2l 277 6
Correct Response.l....'.....'l..l...-.l'll.-..'. D

Per Cents of Exeminees in Each Group With The

Correct Response
High Low

93.3 81.5

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

90.7 76.0
Per Cent of Exeminees Who Know the Correct Answer
To Each Item.l....--l IIIIIII 4 8 & & B & 8 4 & ® % F g8 Bu

Difficulty IndeX.sesessoarncsscsccseaceass Tl
Discrimination IndeX.:..evecerseccvsccsneeeee 16
Equivalent Value of Pearson's Fuiscsseeeees 26

Equivalent Value of Fisher's z......... e ,27



Item # 16 Mosquitoes come into existence from

(a) stagnant water; (b) eggs; (¢) d
food; (d) all of these, co°; () decaying

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
20 269 0 50 1
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D omitted
116 111 3 105 5

Correct ResSpOnSE....ccesesscsvsancssscsssssasese B

Per Cents of Fxaminees in Esch Group With The
Correct Response
High Low

79.1 32.6

Per Cents of FExaminees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

72.0 10g7
Per Cent of Examinees Who Know the Correct Answer
TO EaCh Iteml-ltoncuo lllllll * 9 B 9 5" v &0 L W ] 39

Difficulty Index..anpo-n-.chqo------..--.-- LL6
Discrimination Index. * & 0 8 0 ad s S b ad s st e bW us
Equivalent Value of Pearson's Pe.........s .63

Equivalent Value of Fisherts z........ ceer o4
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Item #17 1If all green plants were to suddenly die, the
gas that would soon disappesr is (a) oxygen;
(b) carbon monoxide; (c¢) carbon dioxide;
(d@) nitrogen.

Responses for Each Item in the Highest 27 Per Cent

Cholce
A B C D Omitted
277 3 29 3 0
Responses for Each Item 1in the Lowest 27 Per Cent
Choice
A B C D Omitted
101 36 116 77 10
Correct ReSpONSe..c.ccarrstoovsecsnsasoncansvassen A

Per Cents of Examinees in Each Group With The
Correct Response
High Low

8105 2907

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
76.0 6.7

Per Cent of Examinees Who Know the Correct Answer
TO Each Item'll..‘-.'ll‘...l‘.ll.IC.l'll.I 38

Difficulty Index...;...n.......loo-co.no--o. 62
Discrimination IndeX..ccoesvcasennossasenss T
Equivalent Value of Pearson's re..v.cceoses 12

Egquivalent Value of Fisher's Z..vicvseeees 12
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Item #18 Certain bacteria can reaist sdverse conditions
by (a) growing in colonies; (b) producing
carbon dioxide; (c¢) protective coloration;

(d) forming spores.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
99 7 9 225 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
129 35 32 112 32

Correct Response...-.....o......-.c-”...‘--...o-.D

Per Cents of FExaminees in Each Group With The
Correct Response
High Low

66,2 33.9

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

54,7 10.7
Per Cent of Examinees Who Know the Correct Answer
TO Each Item."l"-.. ..... ®* & & ¢ ¥ & > & B & 9P S e g 31

Difficulty Indexo.httonooqngctiucInIQool-nl 1'_1
Discrimination IndeX...cceencravances eeeens 34
Equivalent Value of Pearson's Iev.cioesces 451

Equivalent Value of Fisherts z............ .56
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Item #19 A man is most like an ape in his (a) size;
(b) 1ife processes; (c) shape; (d) hablts.

Responses for Each Item in the Highest 27 Per (ent

Choice
A B C D Omitted
16 94 120 10 0
Responses for Each Item in the Lowest 27 Per Cent
‘ .Choice
A B C D Omitted
30 98 = 184 20 8

Ccrrect Response------o--cc---o-.oo.--ou.--.--—oB

Per Cents of Examinees in Each CGroup With The
Correct Response *
High Low

57.1  28.8
Per Cents of FExaminees in Each Group With The

Correct Response After Correctlon for Chance
Success

High Low
42.7 5.3

Per Cent of Examinees Whe Know the Correct Answer
TO EQCh Item.lt.t....-...o.lo.-lo---ol.i.. 21

Difficulty Index:...‘.....lgloolc '-.c L I N B BB B 35
Discrimination IndeX...:cveeeeeescsnrsannana 36
Fquivalent Value of Pea@rson's Pii.vevesees .54

Equivalent Value of FiSher's Zive.:ceseees .60



Item #20 Protein food 1s essentlial because (a) it

contalns nitrogen, which is found imn proto-
plasm; (b) 1t is & good energy food; (c) it
contains oxygen, which 1s essential to proto-
plasm; (d} it 1s found in sll meat.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
212 98 23 6 1
Responses for Each Item in the Lowest 27 Per Cent
Cholce
A B c D omitted
43 192 45 37 23

COPI‘BGt Response.-.--.--.o.o---o-.-.oc--.--.o-. A

Per Cents of Fxaminees in Each Group With The
Correct Respcnse
High Low

62.4 12.6

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low

h953 0.0
Per Cent of Examlinees Who Know the Correct Answer
To Each Iteme.s.ciaeecntaicisnsentcnnsenss  19a

Difficulty Inde.....,-.--.-q-.--o-......... 36
Discrimination INdeX...eeseeceesesssaccsnos ShH4
Equivalent Value of Pearson's rei..ececeeee .72

Equivalent Value of Fisher's z...... N -3 |

95



Item # 21 The fact that dinosaurs are now extinct

indicates that (a) they were too big;

{(b) they were not sulted to survive the
changing conditions of the earth; (c) there
was not enough food; (d) they fought with
each other.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D ftmitted
1 335 3 0 0
Responses for Each Item in the Lowest 27 Per Cent
Cholice
A B C D Omitted
6 270 27 2l 16

Correct Response.-..-a.---.-oc--.n-.---.o--.--- B

Per Cents of FExaminees in Eech Group With The
Correct Response
High Low

98.5 78.5

Per Cents of Examinees 1n Each Group With The
Correct Response After Correction for Chance
Success

High Low

98.7 72.0
Per Cent of Examinees Who Xnew the Correct Answer
TD EaCh Item.--.o--.' ----- * 8 ® § % & 5 8 8 B 88 g 89

Difficu’lty Index..;;.-..o--...a.----..-...- 72
Discrimination IndeX...cesaciescnscveaesas }43
Equivalent Value of Pearson's rei......v... .61

Equivalent Value of Fisher's z.........e.. 71

96
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Item # 22 The clam has a hard shell, in order that it
mey (a) burrow in the mud; (b) be protected
againast enemies; (c) get food; (d) not be
affected by cold water.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C . D Omitted
3 335 1 1 0
Responses for Each Item in the Lowest 27 Per Cent
Cnoice
A B c D Oomitted
26 285 I 10 15

correct Response..t.‘l'.‘.'.-.-.l..'..ll.l.-..’IB

Per Cents of Fxaminees in Each Group With The
Correct Response
High Low

98.5 83.8
Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

98.7 78.7
Per Cent of Examinees Who Know the Correct Answer
TO Each Item..-.. ------ T EEE R s e an 91

Difficulty Index-moaoni.iiiobhco-i--coooo- —76
Discrimination IndGX---;.ii---m...--..-.-. 37
Fquivalent Value of Pearson’s Iiieececsses o55

Equivalent Value of Fisher's Z......e.00es o61
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Item # 23 Which one of the following factors would be
least apt to explain the geographic distribu-
tion of plants and animals? (a) heat;

(b) light; (c) nitrogen; (d) pressure.

Responses for Each Item in the Highest 27 Per Cent

Cholce
A B C D Omitted
18 16 177 128 1
Responses for Each Item in the Lowest 27 Per Cent
Cnoice
A B C D Omitted
38 43 80 152 27
Correct Response..l - &2 & 8 F 8 0 & F 55 e B PP PE S SE S - @ C

Per Cents of Fxaminees in Each Group With The
Correct Resncnse
High Low

52.1 23.5

Per Cents of FExaminees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
36.0 0.0

Per Cent of Exsminees Who Know the Correct Answer
To Each Itemoonoooo.--oaoco-oo-c.--o-oo--c 1‘_‘_-

Difriculty Index.......-.....n-.....o...... 31
Discrimination IngeX...ceveeceovenccncacae B4
Equivalent Value of Pearson's PFeicecesveooee 564

Equivalent Value of Flsher's z...........s .79+
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Item #), If a species of animal 1life were to suddenly
lose the ability to reproduce, as a direct
result (a) the animals would all dile; (b) the
speclies would become extinct; (c) both of
these things would happen; (d) neither of
these things would happen.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
Iy 306 29 1l 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D Omitted
17 196 85 21 21
Correct Respons€....... Wesassesencssesssnssanses B

Per Cents of FExaminees in Each Group With The

Correct Response
High Low

9040 57.6

Per Cents of Fxaminees in Each Group With The -
Correct Response After Correction for Chance

Success

High Low

86.7 .0
Per Cent of Examinees Who Xnow the Correct Answer
TO Each Item....-.-..c.-..... ...... * 4 = 2 s 8 67

Difficulty IndBXI..........Q.-.'.II-..-'.l.I 59
Discrimination IndeX.e..eeveverecveccaceses 31
Equivalent Value of Pearson's IFie.eeecsess U7

Equivalent Vslue of Fisher's Z....ecevesns .51
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Item #25 An aguerium having both plants and animals
is a good example of (a) balance in the world
of 1ife; (b) pond life; (c) marine life;
(d) how to care for living things.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
301 8 27 3 1
Responses for Each Item in the Lowest 27 Per Cent
Chcice
A B c D gmitted
169 37 72 53 9

Correct ResSpONS8e..,ccisversansscassncsnssassnnns A

Per Cents of FExaminees in Each Group With The
Correct Resvonse
High Low

88.6 49.7
Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Sueccess

High Low

85.3 33.3
Per Cent of Examinees Who Know the Correct Answer
To Each Item-lll"l. llllllllllllllllllllll 60

Diffic‘ﬂ.ty Index.....----.................. 55
Diacrimination Index-.--.-.---n.-.....-.-. 36
Equivalent Value of Pearson’s I'+..eees.ses ,5h

Equivalent Value of Fisher's Z............ ,60
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Item #26 For the food making process green plants do
not need (a) carbon dloxide; (b) oxygen;
(¢) water; (d) light.

Responses for Each Item in the Highest 27 Per (Cent

Choeice
A B ¢ D omitted
30 295 12 3 0
Responses for Eech Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
164 118 19 35 L

correct Re’sponse‘..l......'."!.ll.....‘......-- B

Per Cents of Fxaminees in Each Group With The
Correct Response
High Low

86.7 31.8
Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
82.7 93

Per Cent of Examinees Who Know the Correct Answer
To Each Item"......""....-..'..'....’.'l' M

‘DiffiCLllty Index...-.iy.‘s.qooltlc-.r--t.vv Ll-e
Discrimination INGE€X..ccvscevesscesovevese Db
Equivalent Value of Pearson’s Peciecvessee o713

Equivalent Value of Fisher's Z.iie.ovsvess « 093

Boston Univerasity
School of Education
Library,



102

Item #27 A life process most likely to be assoclated
with the lungs and skin 1s (a) digestion;
(b) sbsorption; (¢) excretion; (d) secretion.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B G _ D Omitted
i 6l 250 21 1l
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D Omitted
22 136 105 60 17
Correct Response....cvecetovencatncnsccnans sear O

Per Cents of Fxaminees in Easch Group With The
Correct Resoponse

High Low
73.6 30,9

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
65.3 8.0

Per Cent of Examinees Who Know the Correct Answer
To Each Item.‘..‘....l.‘......‘.......l"..

Difficulty Index.....u..‘.-;....----..--.... Ll-3
Discrimination Index.o-.-.0.llot.looooloo-. u-u
Equivalent Value of Pearson’s Fee.ssossrsss 62

Equivalent Value of Fisher's Z..eccveaveee o713
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Item #28 Fission is a type of (a) excretion;
(b) absorption; {(c) assimilation;
(d) reproduction.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B c D Omitted
L 17 33 286 0
Responses for Each 1tem in the Lowest 27 Per Cent
Choice
A B c D Omitted
31 3l 69 198 11
Correct ReSpONS@..ccevicccressarassnsssccsons «e D

Per Cents of Examinees in Easch Group With The
Correct Response
High Low

8.2 58.3

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

78.7 hh.o
Per Cent of Examinees Who Know the Correct Answer
To Fach TtemMevssetnracesscncannnsss veeriee B2
Difficulty IndeX..........-...-. ----- s s e 56

Discrimination IndeX..eeeseenascescnaennss 24
Equivalent Value of Pearson's r.ie.eoesaesse 38

Equivalent Value of Fisher's z...... veeres U400
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Item # 29 When a male cell unites with a female caell

b

to produce the young; the reproduction 1s
termed (a) parthenogenesis; (b) sexual;
(¢) asexusl; (d) dicecious.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D omitted
2 332 2 L 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B [ D Omitted
23 266 34 11 6

correct Response..t.l...l"‘.""'-...---l..'.. B

Per Cents of Fxaminees in Esach Group With The

Correct Response
High Low

977 T78.3

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
97.3 70.7

Per Cent of Exeminees Who Know the Correct Answer

TO EBCH IGeIMeveesavesocusosscecsnssassscee 036

Difficulty Index.....--:.-o--o--o--------to 71

" Discrimination IndeX.eeeesssevacccscesanas 33

Equivalent Value of Pearson's iec.eecesees 50

Equivalent Value of Fisher's Z..e...ce..e + «55
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Item # 30 Ingestion 18 a process which occurs (a) in
all plants and no animals; (b) in ell animals
and no plants; (¢) in ell plants and some
animals; (d) in all animals and some plants.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Ccmitted
37 63 33 195 12
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B e D Omitted
39 106 s4 - 1oz 39

Correct Reapoﬁse..-olltcl.....l..l‘.l.‘C.ln..lID

Per Cents of Fxaminees in Ersch Group With The
Correct Respconse
_ High Low
- 57«4 30.0

Per Cents of Fxaminees 1n Each Group With The
Correct Response After Correction for Chance

Success

High Low

k2.7 6.7
Per Cent of Exasminees Who Know the Correct Answer
TO EBCh Item'oooon-.d -------- “reseasruacue 23

DAfficulty INAeX.ieeessesodirsncneinnnians 36
DiSCPiMinBtion Index'oo!.o-o.oi.c;ooooouo. 33
Equivalent Value of Pearscn’'s Ireic.ascseves  L50

Equivalent Value of Fisher's Z....c.cee.. . 55
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Item # 31 Wwhich of the following 1life processes 1s not
essential to the existence of the indlvidual
(a) respiration; (b) reproduction; (c) secre-
tion; (d) asbsorption.

Responses for Each Item 1in the Highest 27 Per Cent

Choice
A B C D Omitted
2 281 18 39 0
Responses for Each Item in the Lowest 27 Per Cent
Choice '
A B c D Omitted
26 125 69 112 8

Correct Response.l.olalt.o....ol.I.....-‘l'Ot-. B'

Per Cents of Examiness in Each Group With The

Correct Response
High Low

. 82.6 36.8

Per Cents of Examinees in Each Group Wlth The
Correct Response After Correction for Chance
Success

High Low

773 16.0
Per Cent of Examinees Who Know the Correct Answer
TO Each Item.....l....l...-0..-...-..'.... u6

Difriculty Index-......'..‘.l.i'.l-..Cl...' ua
Discrimination IndeX...ceecvveenecacenceee j3
Equivalent Value of Pearson's re..veveeess 61

Equivalent Value of Fisher's zZ............ .71
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Item # 32 The process by which heat and energy are
released in living things 1s (a) assimilation;
(b) secretion; (c¢) respiration (d) digestion.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B c D Otmitted
108 27 143 61 1
Responses for Each Item in the Lowest 27 Per Cent
Cnolce '
A B C D Omitted
95 61 150 23 11

Correct ResSponSe....ceccecevcnsccansessensscnsse

Per Cents of Fxaminees in Each Group With The

Correct Response
High Low

42.0 4.1

Per Cents of Examinees in Each Group With The
Correct Response After Correction Tor Chance

Success

High Low

227 25.3
Per Cent of Examinees Who Know the Correct Answer
To Each Itemissvovccacns. -/ 1

Difficulty IndBK-.;.;.....oq.‘o--.........- 35
Discrimination IndGX¢-.----...-.-a-....oo- -2
Equivalent Value of Pearson's Pecieesaesss =04

Equivalent Value of Fisher's zZ,........... -,0}
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Item #33 Growth is a characteristic of ell living things.
However, & snowball rolling down the side of a
snow-covered hill, grows. The snowball is not
alive because (a) 1t grows from within; (b) it
grows by addition to the outside; (¢) it will
melt in the sun; (d) it la not able to move from
place to place.

Responses for Each Item in the Highest 27 Per Cent

Cnoice
A B C D omitted
G 277 36 26 1
Responses for Each Item in the Lowest 27 Per (Cent
Cholce
A B C D . Omitted
3 254 50 2l 9

Correct,Response............--.....‘..;.....-s. B

Per Cents of Fxaminees in Each Group With The

Correct Resvonse
High Low
. Tae7

Per. Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low

76.0 66.7

Per Cent of Examlnees Who Know the Correct Answer
TO Each Item..--..........c.-.f.---’.......‘. 72

Difficulty Indextm'o.svrctqfiivr(-rcicurto 62
Discrimimtion Index. AT I B SR N AR SR ) 7
Equivalent Value of Pearson's Peicevisecoee 412

Equivalent Vﬂlue Of Fishe!"s Z- [ IR I RN -'r v .12
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Item #3l4 The process by which insoluble nutrients are
changed to soluble substances is known sas
(a) asaimilation; (b) growth; (c) oxidation;
(d) digestion.

Responses for Each Item in the Highest 27 Per (Cent

Cnoice
A B g D cmitted
2h 8 19 289 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B e D gmitted
75 23 107 111 2l

Correct Response..-o..-.-...t..-nn...'i'o....'.D

Per Cents of Examinees in Each Group With The
Correct Respcnse
High Low

85.0 32.7

Per Cents of Examinees in Each Group With The
- Correct Response After Correction for Chance
Success

High Low
80.0 10.7

Per Cent of Examinees Who Kncw the Coriect Answer
TO EB.Ch Item................44......5..».. M

Difficulty IndeX|.¢Q.¢l..qngtfooo-odon-c.i& Ll,_B
Discrimination IndGXo-c:-----'dinc-to--i-vb 51
Equlivalent Value of Pedrson's Tii.seiceese 69

Equivalent Value Of FiSheP'S za‘icoo - e en .85
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Item #35 A characteristic of animsls, but not of
most plants 1s (&) respiration (b) reproduc-
tion; (¢) motion; (d) locomotion.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
0 8 23 209 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
40 35 81 178 6

Correct Response..-Il..Ill............‘...'l"l D

Per Cents of Fxaminees in Each Group With The
Correct Respcnse
High Low

91.0  52.14

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
/ 88.0  36.0

Per Cent of Examinees Who Know the Correct Answer
TO EachItemll.-.lconnc-0.0.1'-....lnlll.‘ 6‘4_

DiffiCUlty Index.-‘..-....-qnoncooocolo..u. 56
Discrimination IndeX....eeevevecncccsocnee 37
Fquivalent Value of Pearson's F....esvesee 55

Equivalent Value of Fisher's Z....i.000¢0¢ 61
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- Item # 36 Living things, chiefly animals, produce
special substances to carry on their
activities. These substances are called
(a) geases; (b) secretions; (c¢) carbo-
hydrstes; (d) excretions.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
11 286 33 8 2
Responses for Each Item iIn the Lowest 27 Per Cent
Choice
A B c D Omitted
80 72 127 L5 16

correct Responsell-l..i-.l...--.-.-..'ldl-l.--l B

Per Cents of Examinees in Each Group With The
Correct Response
High Low

8.2 21.2

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
78.7 0.0

Per Cent of Examinees Who Know the Correct Answer
To Each IteMe.sreivrincannienciieacnnnannse 32~

Difficulty IndeX.assesseernanrscarcacesanes [
Discrimination Ind&‘x...-.................. 73+
Equivalent Value of Pearson’s r........... 84+

Equivalent Value of Fisher's Z.see.ocevass v 1,21+
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Item # 37 The animals in a balanced aquarium receive,
from the plents, both food and (a) energy;
(b) oxygen; (¢) carbon dioxide; (d) nitrogen.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D tmitted
1 329 Ly 6 0
Responses for Each Item in the Lowest 27 Per (Cent
. Choice
A B C D Omitted
ol 205 48 2s 8

Correct ReSpONSEeeicicscestasanscassssassseansas B

Per Cents of Examinees in Each Group With The
Correct Response
High Low

96.7 60,3

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
96.0 1|-6.7

Per Cent of Examinees Who Know the Correct Answer
To Each Item.l...‘..‘.l..l.t.I..lll....l.. 76’

Difficult‘y Index-.m.igaiojoghoa---on.-----o 62
Discrimination IndeX.icesececvscensceseins 45
Equivalent Value of Pearson's rec..cceeess .63

Equivalent Value of Fisher's z..........ev Tl
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Item # 38 Respiration in plants and animals (a) is
identical; (b) 1s opposite; (c¢) relesses
oxygen; (d) is a bullding up process.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B c D Omitted
118 195 3 23 1
Responses for Each Item in the Lowest 27 Per Cent
Caoice
A B c D Omitted
57 122 53 92 16

Correct Re8pPONSCetcccosstsasssccsssssesanunssns A

Per Cents of Fxaminees in Each Group With The
Correct Respnonse :
High Law

3'4-.7 16.8

Per Cents of Fxaminees 1iIn Bach Group With The
Correct Response After Correction for Chance
Success

High Low
13'3 0.0

Per Cent of Examinees Who Know the Correct Answer
To Each Item...'.‘.....‘Ill‘.l....l.lll..- 6-

DiffiCUIty Index!-...llllil.Q’.-.-.loOIC-QO 19
DiSCI’iMination Ind&x-..-.....-o'-.--o--... 29+
Equivalent Value of Pearson's T...eceeesee 45

Equivalent Value of Fisher's z............ J8+
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Item #39 An important use of roots is (a) absorption;
(b) essimllation; (¢) food-making; (&) trans-
piration.

Responses for Each Item in the Highest 27 Per Cent

Choeice
A B C D Omitted
319 7 7 7 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D Omitted
179 11 88 5l 11

Correct ReSPONSC.e.uccersensscssasscssccsnssssessns A

Per Cents of Examinees in Each Group With The
-Correct Response
High Low

9308 52.6

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success
High Low
| 92.0  37.3
Per Cent of Examinees Who Know the Correct Answern
To Each ItemI...I. lllll L NN I RN DN DN BN TN DR BN NN BEE IR DN BEE NN JNF BEN N 3 67

Difficulty IndexX.eeecsseesaarsescesceasasse 58
Discrimination IndeX..eeeeveroescnasannass [3
Equivalent Value of Pearson's rivsscesssss 61

Equivalent Value of Fisher's Z.ieiiavenaes  LT1
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Item # 4O The turning of leaves toward the light
is calied (a) geotroplsm; (b) response;
{e) phototropism; (d) irritability.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D - Omitted
1y 16 302 8 0
Responses for Each Item in the Lowest 27 Per Cent
Chnoice
A B C D Omitted
39 127 1l 21 9
Correct ReSpPOlNSEesessscensssseveccssenrsesasns «ae C

Per Cents of FExaminees in Esch Group With The
Correct Reswnonse
High Low

86.8 2.2

Per Cents of Examinees in Each Group With The
Correct Response After Ccrrection for Chance
Success

High Low
85.3 22,7

Per Cent of Examinees Who XKnow the Correct Answer
To Each Item...‘...'.‘.....-l..lbl‘....t.. 55

DiffiCUlty Index..........uquooo-ol-.io.oo 52
Discrimination IndeX..ceeecesssecnsnanceos Ly
Equivalent Value of Pearson's Piceeceseees 62

Equivalent Value of Fisher's Z.veisceseeer o713
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Item #)41 The building up and breaking down of
protoplasm is known as (&) respiration;
é?) growth; (c) metabolism; (d) transpira-
on.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
1 T2 240 19 2
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
23 61 174 57 25
Correct Response......... tesescsrsranenens vese (

Per Cents of Fxaminees 1in Each Group With The
Correct Response
High Low

7046 51.2

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

60.0 3.7
Per Cent of Examinees Who Know the Correct Answer
To EaCh Item.ll... ..... 4 0 8 a2 B e & AT S e e u?

Difficulty IndSXQ.--.c.'..-Ql:-o.---co-lu-l LI'9
Discrimination INndeX...eeesecevevesesnsces 16
Equlvalent Value of Pearson's re....eeeeee .26

Equivalent Value of Fisher's Z........cees o227
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Item #1,2 Tropisms are most like (a) voluntary acts;
(b) reflexes; (c) conditioned reflexes;
(d) hablts.

Responses for Each Item in the Highest 27 Per Cent

Chnice
A B C D omitted
12 279 40 6 3
Responses for Each Item in the Lowest 27 Per Cent
Cnoice
A B c D Omitted
58 92 93 69 28

Correct Response...-c..l.Il..no.'...,l..lcu..c' B

Per Cents of Fxaminees in Esch Group With The
Correct Response
High Law

82.1 2740

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

76.0 2.7
Per Cent of Examinees Who Know the Correct Answer
To Each Item..’.....t.‘ ..... * % & % & % % % ¢ & B % a8 3h

Difficul'by Index.......-..-...-....-....... LLS
DiSCPimination IndSXI'.-I...I.'l.-..Il..l‘ 62
Fgquivalent Value of Pearson's Pee.cscaveee 77

Equivalent Value of Pisher's Zieeicesenses 1,03
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Item # 43 A life process which is not usually
performed by animal cells 1s (a) growth;
(b) exeretion; (¢) assimilation;
(d) photosynthesis.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
i 3 4 332 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c b Omitted
23 30 57 214 16

Correct ReSpPONSe.cssecisesscavesassssssnssassse D

Per Cents of FExaminees in Eech Group With The
Correct Respconse
High Low

977 63.0
Per Cents of Examinees in Each Group With The

Correct Response After Correction for Chance
Success

High Low
97‘3 5007

Per Cent of Examinees Who Know the Correct Answer
TD EachItem-..-.....-..--a-..--.--..--'-'.. 78

Difficlﬂ.ty Indexo...l-.l'tnqﬂnho----oon'ootu 63
Discrimination INAeX...evesecestosecevarsas 40
Equivalent Value of Pearson’s Peececverine 64

Egquivalent Value of Fisher's Ziveievsvsons .76
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Item #4)i Hebits and conditioned reflexes are alike in
that both (a) are learned responses; {b) are
inherited; (c) appear only in dogs; (d) sppear
only in man

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
332 3 1 I o
Responses for Each Item in the Lowest 27 Per Cent
Choice :
A B C 19 omitted
223 63 9 25 20

COI'I‘GCt Responseisoln!l!...cucn.o‘novut-l--.c.-A

Per Cents of Examinees in Each Group With The
Correct Response

High Low

97.7 65.6

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

97.3 Slie7
Per Cent of Examinees Who XKnow the Correct Answer
To Each Iteml...ll..-..l.ll.".....l.l...‘ 80

Difficulty Index..".onuiﬁl..‘.oca‘collooa. 65
Discrimination IndeX...eeecsercaccvansccee L3
Equivalent Value of Pe@rson's Iie.cesesces .61

Equivalent Value of Pilsher's z......eonnee .71
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Item #45 Absorption of a substance through a membrane
ia termed (a) diffusion; (b) osmosis;
{(c) catabolism; (d) erosion.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
60 279 1l 0 0
Responses for Each Item 1In the Lowest 27 Per Cent
Cholce
A B C D Omitted
83 202 24 10 25

Correct Response.l.I..l..‘..........'."'..'._’. B

Per Cents of Fxeminees in Each Group With The

Correct Resvconse
High Low

82.1 59.5
Per Cents of Examinees in Each Group With The

Correct Response After Correction for Chance
Success

High Low
76.0 46.7

Per Cent of Examinees Who Knew the Correct Answer
TO Each Item-.'.......l...'....Illl.'..‘.. 62

Difficulty Index-.&....l...qﬁpl.oo-o.--..to 56
Discrimin&tion Index..c..lt.or..ooo..-tlo. 20
Equivalent Value of Pearson's PFe...cssaceces 232

Equivalent Value of Fisher's z..........04 433
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Item # 46 When eggs develop normsily without being
fertilized by spermatozoa, the process is
known as (a) gemetogenesis; (b) metamorphosis;
(¢) incubation; (d) parthenogenesis.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
6l 8 19 23 b
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
68 17 9C 70 35

Correct ResponSe€....cccrcarvesscnsasssssrsossnsse D

Per Cents of FExaminees in Each Group With The
Correct Response
High Low

71.6 20,6

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success
High Low
‘ 62.7 Q.0
Per Cent of Examinees Who Know the Correct Answer
TO Each Item.-..:-...----so-.. ----- s e s o e 25-

Difficulty Index.m.......-...-.......-;.-- uo
DiSCPiMination Index.o‘..o-.oo..o.o...qool 63+
Equlvalent Value of Pearson’'s reieeses-eoess  LT8

Equivalent Value of Fisherf's z...........« 1,05
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Item #47 Oxygen enters the leaf of a plant through
the (a) stomates; (b) lenticels; (c) xylem;
(d) veins,

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
291 35 L 10 0
Hesponses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
140 57 A 78 2l

correct Responsel....I'.‘I.l...l.l.......l'.... A

Per Cents of Fxaminees in Eech Group With The
Correct Response
High Low

85.6 4.2

Per Cents of Fxaminees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

81.3 21,3
Per Cent of Examinees Who XKnow the Correct Answer
TO EGCh ItEm.'l..l.lncllouﬂnoo ----- > % 9 % 8 g 8 51

Difficulty Index-....‘........li.l..--I.I.. 51
Dlscrimin&tion Index...-..-..a...-.......t ,_'_2
Fquivalent Value of PeaQrson's Pievev.sscves .60

Equivalent Value of Fisher's z«.c...cc0e.s .69
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Item # 48 Transfer of pollen from anther to stigma of
a flower is called (a) pollination;
(b) maturation; (c¢) fertilization;
(d) germination.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B G D Otmitted
327 0 10 3 0
Resgponses for Each Item in the Lowest 27 Per Cent
Chnolice
A B C D Omitted
248 9 1 23 19

Correct Response.u.l...nct.'tlo.l.....ll.OOIOCI A

Per Cents of Examinees in Easch Group With The
Correct Respocnse
High Low

96.2 73.0

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

9.7 64.0
Per Cent of Examinees Who Know the Correct Answer
To EaCh TteMerececocsccnnnsceansns cearenses B2

DifficU.ltY Index.......-...a.o-.-----...... 68
Discrimination IndéXisveceseacsnsnssansves 32
Equivalent Value of Pearson's Tie.ce..-+.¢ LU48

Equivalent Value of Fisher's Z............ .53
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Item # 449 Nitrogenous wastes are excreted mainly by
means of the (a) lungs; (b) stomach;
{c) kidneys; (d) liver.

Responses for Each Item in the Highest 27 Per Cent

Chaice
A B C D Omitted
63 3 267 7 0
Responses foar Each Item in the Lowest 27 Per Cent
Choice
A B C D pomitted
68 36 162 I 27

correct Responseio----t.a..ot-n--ao..uo-oo...cc c

Per Cents of FExsminees in Esch Group With The
Correct Resoponse

High Low
78.6 i7.6

Per Cents of FExaminees in Each Group With The
Correct Response After Correction for Chance
Success

High Low

72.0 30.7

Per Cent of Examlnees Who Know the (Correct Answer
TO EaCh Item-..ll‘l..o.-c-.lpnlllO!.-O.U-. 52

Difficulty Index..n...su..-q.o-------.----o 51
Discrimination IndeX...csecesvsccascnensecr 26
Equivalent Value of Pearson's P.....s..... 40

Equivalent Value of Fisher's Z..s..ececeoes ol4f3
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Item # 50 Seedless oranges are propagated by (a) hybridi-
zation; (b) grafting; (¢) hydroponics;
(da) fiasion.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Oomitted
133 195 9 1 2
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D omitted
108 130 33 36 33
cor!‘ect Response.ooo.-on...n.loo.cc..o.ooonclot- B

Per Cents of Examinees in Bach Group With The
Correct Response
High Low

57.4 38.2

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
42,7 17.3

Per Cent of Examinees Who Know the Correct Answer
To Each Item.'l....r..'l.t.."-ll..-...... a

DiffiCUIty Index-....‘--lobuq...-oioo-..l-r. 39
Discr‘imination Index....-..'....‘.‘.Iv.'.“ 19
Equivalent Value of Pearson's r.,........« 31

Equivalent Value of FisheP'S Z.ivereeraeer 032
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Item #51 The part of the human body in which bile is
stored 1s the (a) liver; (b) duodenum;
(c) pancreas; (d) gall bladder.

Responses for Each Item in the Highest 27 Per Cent

Cholce
A B ¥ D Oomitted
107 1 L 228 0
Responses for Each Item in the Lowest 27 Per Cent
Caocice
A B C D Omitted
139 16 70 106 9

Correct ReSpPONSe.ciesssrsssossssscscsssscsanssa D

Per Cents of Examinees in Each Group With The
Correct Respoonse
High Low

67.1 3l1.2

Per Cents of Examinees in Each Group With The
Correct Hesponse After Ccrrection for Chance

Success

High Low

56,0 8.0
Per Cent of Examinees Who Know the Correct Answer
To Each Item.ecieeesseciscecscroncnnns eeensee 29

Difficulty IndQXI-..!COIQQOQQQDQUa'o-.-n..c L‘-O
Discrimination Index...-.‘.‘............". 38
Equivalent Value of Pearson's Peeiesseeses 56

Equivalent Value of Fisher's Z........cecs <63



127

Item # 52 The word "joint"™ 1is most closely assoclated
with (a) bones; (b) muscles; (c¢) nerves;
(d) skin.

Responses for Each Item in the Highest 27 Per Cent

Cholce
A B C D Omitted
334 L 1 1 0
Responses for Each Item in the Lowest 27 Per (Cent
Choice
A B C D omitted
301 26 L 5 L

Correct ReSpPONSO@civecsscncsrsscssstssnncenssans A

Per Cents of Exeminees in Esch Group With The
Correct Respcnse
High Low

98.3 88.5

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
97.3 85.3

Per Cent of Examinees Who Know the Correct Answer
To Ea{:h Item..l.-.i...-.-.....-......'..l. 92

Diffictllty Index.....-.-..-:..--...-......o 78
Discrimination IndeX..i.ecoscesssevansravsss 23
Equivalent Value of Pearson's P.i..e.esesee o34

Equivalent Value of Fisher's Z.ee.ceeieaesr o35
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Item #53 The digestion of food occurs mostly in the
(a) mouth; (b) stomach; (c¢) small intestine;
(d) large intestine.

Responses for Each Item in the Highest 27 Per Cent

Cheice
A B C D Omitted
2 61 273 i 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
16 135 145 37 7

Correct ReSpONS@es.sceasessssscsasssosscsssnasss (3

Per Cents of Examinees in Easch Group With The
Correct Response
High Low

80.3 h2.7

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
73.3 24.0

Per Cent of Examinees Who Know the Correct Answer
To Each Item....'.l..l....llt...b..c..‘-.. us

Difficulty Index-......-..-;-.o...... AN EE] u_g
Discrimination IndeX..veescecvanssessneree 32
Equivalent Value of Pearson's r........... 48

Equivalent Value of Fisher's z...........:. 53



129

Item # Sl Assuming that the instrument works properliy
in each case, we would be least apt to hear
a bell, whioch waa placed in (a) water;
(b) oll; (c) & vacuum; (d) sawdust,

Responses for Each Item in the Highest 27 Per Cent

Cholce
A B C D Omitted
13 17 296 13 1
Responses for Each Item in the Lowest 27 Per Cent
Cnoice
A B C D Omitted
95 Sl 128 49 14

correct Response...-II.I‘.II‘........-...l'....c

Per Cents of Examinees in Each Group With The
Correct Resoonse
High Low

87.0 37.7

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

82.7 17.3
Per Cent of Examinees Whg Knew the Correct Answer
To Each Item........COQOCOIOOOOOOIG.Olll.. 50

Di.ffic‘.ﬂ.ty Index............q..-..........-. 50
Discrimination IndeX...:veseceeasesceccnas U7
Equivalent Value of Pearson's Fi..ececsses +65

Equivalent Value of Fisher's Z....cceeeens .78
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Item # 55 A secretion that digests both proteins and
carbohydrates 1s (a) salive; (b) pancreatic
juice; (c¢) bile; (d4d) pepsin,

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Qmitted
2l 208 22 85 1l
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
73 93 27 132 15

COPreCt Response-....-...-....-..'-.-'---0-'....-. B

Per Cents of Fxaminees in Eech Group With The
Correct Response
High Low

6l.2 27.4

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

hB;O 2.7
Per Cent of Examinees Who Know the Correct Answer
TO EaCh Item-......-.-...,.-.-'o.---.-.q.-... 21
Difficulty IndeX.isishsescaibsesancs ST 36

Discrimination Index«.i....&.-......-u...-o )4.6
Equivalent Value of Pearson’s Peec.cssvoess .6l

Equivalent Value of Fisher's Z.eeeceeevenn .76
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Item # 56 Before food can be used to nourish protoplasm,
it must be acted upon by (a) mastication;
(b) saliva; (c) enzymes; (d) hydrochloric
acid.

Responses for Each Item in the Highest 27 Per (Cent

Choice
A B C D Omitted
T i 316 16 0
Responses for Each Item in the Lowest 27 Per Cent
Cnoice
A B c D Omitted
18 60 216 32 1L

Correct ReSPONSBecscnnsessersssssnssnsrssssesnsl

Per Cents of Fxaminees in Each Group With The
Correct Resvonse
High Low

93.0 60.6

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

90.7 48.0
Per Cent of Exeminees Who Xnow the Correct Answer
To Each Item’l...-..l !!!!!!! * % *r 98 ¢ 88 " e > 9B 72
DiffiCUIty Index-.qocoovt‘.-."l------o--.-- 61

Discrimination IndeX..iveeeeceecsoessesses 35
Equivalent Value of Pearson's r......ceeee 52

Equivalent Value of Fisher's Z..e.ieeeees . .58
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Item #57 The red pigment which gives blood its
color is (a) hematin; (b) fibrinogen;
{(¢) lymph; (d) globulin,

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
155 16 I 16} 1
Responses for Each Item in the Lowest 27 Per Cent
Cnoice
A B C D omitted

L7 U6 5g 174 18

Correct ReSpPONEC. .. s teeescensssnsssnssssossassre A

Per Cents of FExaminees in Each Group With The
Correct Response
High Low

5.6 13.8

Per Cents of Examinees in Each Group With The
Correct Response After Correctlion for Chance
Success

High Low
28.0 0.0

Per Cent of Examinees “Whio Know the Correct Answer
TO EaCh Item..--............o............- 11-

DiffiCUJ.ty Index..........-..'n.-.--..-..-. 28
Discrimination IndeX..veoecareovoeacansane L34
Equivalent Value of Pearson's Iieseceseves .61

Equivalent Value of Fisher's zZ.......es00r  LT71
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Item #58 The pancreas secretes a hormone known &s

(a) prolactin; (b) thyroxine; (c) adrenalin;
{(d) insulin,

Responses for Each Item in the Highest 27 Per Cent

Chnoice
A B C D Omitted
28 9 17 285 1
Responses for Each Item iIn the Lowest 27 Per Cent
Cholce
A B c D Omitted
33 L2 86 163 16
Correct ReSpONSE.e.cevessasecrsccnatssasvannns v« D

Per Cents of Exsminees in Each Group With The
Correct RHesvponse

High Low

83.8 48.0

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

78.7 30.7
Per Cent of Examinees Who Know the Correct Answer
TO Each Item--uoo--. -------- ¥ % 8 4 8 ¢ 4 & 9SSR g8 56

DiffiCUIty Index...‘-..--..o‘q.-...-....---a 53
Discrimination Index.oocliocnodauo.cc--o-a 32
Equivalent Value of Pe&rson’'s re....cvssee 48

Equivalent Value of Fisher's Z..e..coveess .53
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Item #59 'The backward flow of blood in the veins is
prevented by (a) the heartbeat; (b) muscles;
(¢) lymphatics; (d) valves.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
17 13 1 309 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D Oomitted
70 9 29 219 13
Correct Responseé......... tresecasesserssesseeres D

Per Cents of Fxaminees in Each Group With The
Correct Response
High Low

91.0 6l.5

Per Cents of Examinees iIn Each Group With The
Correct Response After Correction for Chance
Success

High Low
88.0 53.3

Per Cent of Examinees Who Xnow the Correct Answer
TO EBCh It8m.-..lil.--....l.ll.'.'i-.ll“. 72

DiffiCU1ty Index...oatnI-0-0¢.l00------n.-- 61
Discrimination IndeX...eesecetseveesvesaees 27
Equivalent Value of Pearson!s Pi...cascsea o

1
Equivalent Value of Fisher's z.....-...... o4}y
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Item #60 wWhen blood passea through the kidneys, 1t
loses (a) carbon diloxide; (b) red blood cells;
(e¢) white blood cells; (d) urea,

Responses for Each Item in the Hlghest 27 Per Cent

Cheice
A B C D pmitted
8 15 it 311 2
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D omitted
83 35 26 180 16

Correct Response‘.---.I.I-'....I..‘.....‘l"“‘. D

Per Cents of Fxaminees in Easch Group With The
Correct Resvponse
High Low

91.6 53.0

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Sucecess

High Low

89.3 37.3
Per Cent of Examinees Who Know the Correct Answer
To Each TteMe.eneeaceecacnns tessvsccscssase b

Difficult’y Indexl~‘tlclll.'.‘.I..l.‘---0... 57
Discrimination Index..--.--...o.n..o..--.. 38
FEquivalent Value of Pearson’s P.e.eivecses +56

Equivalent Value of Fisher's Z....... ceeas oB3
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Item # 61 The threads that are part of a blood clot
are made of (a) globulin; (b) fibrin;
{c) lymph; (d) platelets.

Responses for Fach Item in the Highest 27 Per Cent

Choice ‘
A B C D Omitted
8 265 8 59 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
ITh§ 130 3 117 18

Correct Response....'.I.I..V.....I....OlI-‘..'I. B

Per Cents of FExaminees in Esch Group With The
Correct Response
High Low

78.0 38.3

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

T0.T 17.3
Per Cent of Examinees Who Know the Correct Answer
TO Each Item-l..'.l.l'.l.l.....'.'..-...l. '+3

Diffic‘-ﬂ.ty Index..logogl..tqctIcn-ccIc.l.o. u_?
Discrimination IndeX...ssoeevevevssscescase 37
Equivalent Value of Pearson's r........... ,5§

Equivalent Value of Fisher's Z......c.ce.+ 61
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Item #62 PFainting 1s often caused by defective
(a) respiration; (b) digestion (c) metebolism;
{(d) circulation,

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
45 3 9 282 1
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B € D omitted
62 6 23 238 11

Correct Response.l-.....-..ll.‘..IU".-'.I.....D

Per Cents of Examinees in Each Group With The
Correct Resvbcnse
High Low

83.0 70,0

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
T7.3 60.0

Per Cent of Examinees Who Know the Correct Answer
To EachItemtalocloococloltoln-'noooulo'.. 69

Difficulty Inde)(..énn-.--.--uonu.....---... 60
Discrimination‘Index...................... 12
Equivalent Value of Pearson’'s Peii.ciceceeos « 20

Equlvalent Value of Fisher's z.......... . «20
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Item #63 The muscular wall that alds us in breathing
is the (a) broncus; (b) epiglottis; (c)
larynx; (d) diaphragm.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
2 1 2 336 0
Responses feor Each Item in the Lowest 27 Per Cent
Choice
A B C D omitted
4G 22 36 227 15
Correct ResponsellvIll-l..'I.."..‘I..l..'l'l.. D

Per Cents of Examinees in Easch Group With The
Correct Response
High Low

98.9 66.8

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success '

High Low

98.7 56.0
Per Cent of Examinees Who Know the Correct Answer
To Each Item..cciivieiiieerennenecnannss .« 83

DiffiCU.lty Index.....Q.l'.l...l----...-oag. 66
Discrimination InGQXO...I....OOOQOO.l..'.ll 52
Equivalent Value of Pearson's Fee.eoseesess .70

Equivalent Value of Fisher's z............ 87
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Item # 64 Eskimos eat a large quantity of fatty foods
because these foods (a) are cheaper;
(b) produce more calories; (c) are easy to
obtaln; (d) require little preparation.

Responses for Each Item in the Highest 27 Per (Cent

Chealice
A B C D Omitted
0 269 63 8 0
Responses for Each Item in the Lowest 27 Per Cent
Cnioice
A B c D Omitted
L 178 118 27 13

Correct Response.l-.IIlIII...."'II.".ll..'..' B

Per Cents of Fxamlnees in Esch Group With The
Correct Resvonse
High Low

79.1 52.3

Per Cents of Examinees 1n Each Group With The
Correct Response After Correction for Chance

Success

High Low

T2.0 36,0
Per Cent of Examinees Who Know the Correct Answer
To Each Iteml...'...ll..-' .......... - &8 & 3 a8 54

DIff1cUltY INAEX.useosssasnassesvecesnvans D2
Discrimination INGEX...eeaveeesessescanane 23
Fquivalent Value of Pearson's ree.soeeeeees .36

Equivalent Value of Fisher's Z.....c.e000¢ .38
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Item #65 Exercise increases the rate of breathing
because i1t causes in the blood, an Increase
of (a) oxygen; (b) nitrogen; (c¢) carbon
dioxide; (d) hydrogen,

Responses for Each Item in the Highest 27 Per Cent

Choics
A B C D Omitted
27 5 307 1 0
Responses for Each Item in the Lowest 27 Per Cent
Cnoice
A B C D Omitted
155 29 116 ik 26

COrrect Respdnse.-...-...--..----s--u-o--o----. C

Per Cents of FExaminees in Each Group With The
Correct Resvcnse
High Low

90.3 3.1

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

86.7 12.0
Per Cent of Examinees Who Know the Correct Answer
To Each Item......ll-.l.l.'l‘l'.l'..l‘.‘ll )-,-9

Dirriculty Indexl-......'..ﬂ...l.-l....'ll. 50
Discrimination IndeX...oeeseeevesesssssrse B5B
Equivalent Value of Pearson's Peesscesesee 72

Equivailent Value of Fisher's Z....cceenes s «91
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Item #66 The human embryo, before it is born, obtains
its food and ox{gen through the (e) nucleus;
(b) ovaries; (c) placenta; (d) yolk.

Responses for Each Item in the Highest 27 Per Cent

Choaoice
A B C D Omitted
2 23 289 26 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D omitted
2 101 102 71 2L

Corrﬂct RaSpDnse---......-.......a.....-.--o... C

Per Cents of Fxaminees in Esch Group With The
Correct Response
High Low

85.0 30.0

Per Cents of FExaminees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

80.0 6.7
Per Cent of Examinees Whae Know the Correct Answer
To Each Item.l....‘...‘...‘...-...0. lllll L ] ul

Difficulty Index...,...-.........-.o--o-.-! ).‘.7
DiBCI‘imj.nation Index-..-.--..-...--o..-... 56
Equivalent Value of Pearson's r...see.as.. L73

Equivalent Value of Fisher's Z..c.cceeeeas ¢« «93
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Ttem #67 Compared to sn equal volume of inhaled gas,
a volume of exhaled gas contalns less
(a) oxygen; (b) nitrogen; (c) carbon dioxide;
(d) hydrogen.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D (mitted
327 1 12 0 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D Qmitted
166 35 86 2l 29

CorreCt Response.Il.I.'.-l'--VQOll...."‘ﬂ."‘... A

Per Cents of Fxaminees in Each Group With The
Correct Resvonse

High Low

96.2 48.8

Per Cents of Exeminees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

4.7 32.0
Per Cent of Examinees Who Know the Correct Answer
TO Each Item....'l'.'l..."l.....‘.lll.... 68
Difficﬂty Index..f-,.,--..p,..,.-...--...- 58

Discrimination IndeX,ssseevevercnsnsnsenss 52
Equivalent Value of Pearson's Fes.seceeees 70

Equivalent Value of Fisher's Z..eivereeses .87
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Item #68 Blood platelets contain a substance which 1s
necessary for (a) blood clotting; (b) respira-
tion; (c) metabolism; (d) ingestion.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
319 10 10 0 1l
Responses for Each Item in the Lowest 27 Per Cent
Cholice
A B c D Omi;ted
231 36 u2 10 21

COrrect ResponSeI.c000000000..l...on.....nlt... A

Per Cents of Exsminees in Each Group With The
Correct Respchnse
High Low

93.8 68.0

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

92,0 573
Per €Cent of Examinees Who Know the Correct Answer
To EQCh Item’-.lv-!vl'con--lnoinl'.v't-lll.' 76

Diffi(:l.'llty Index..,....-....-pnccc.-.-.-..- 6“.
DiSCI‘iMination Ind&x..--..-o----r--..----- 30
Equivalent Value of Pearson's Fe..vireeeses JU4b

Equivalent Value of Fisher'™ Z.ve...cevess 50
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Item #69 The contraction of the pupil of the human eye,
when exposed to strong light, is an example of
(a) phototropism; (b) plexus; (c) reflex;
(d) synapse.

Responses for Each Item in the Highest 27 Per Cent

Cheice
A B Cc D Omitted
57 8 266 6 3
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D omitted
70 23 - 193 3 20
Co.rrect Responsell. ------ * 3 & o & %% O g e E e E c

Per Cents of Fxeminees in Each Group With The
Correct Response

High  Low
78.3 56.8

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

T0.7 42.7
Per Cent of Exeminees Who Know the Correct Answer
To Each Items......c0.e... creesresassensss 5T

DiffiCUlty Index-.....;ti.-q..ao.--.-..-.-- Su
Discrimination Indéx...................... 18
Equivalent Value of Pearson's r.c.c.ceceee .29

Equivalent Value of Fisher's Z....c..0.c.. < .30
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Item # 70 Poisons from disease producing bacteria are
counteracted by (a) antitoxins; (b) fibrinogen;
(¢) germicides; (d) white blood cells.

Responses for Each Item in the Hipghest 27 Per Cent

Cheice
A B Cc D Omitted
220 0 1 118 1
Responses for Each Item in the Lowest 27 Per Cent
Cnoice
A B R D omitted
122 1L . 28 156 20

Correct ReSPONSEGacscsevvsersssscnsssasvanccosss A

Per Cents of Examinees in Each Group With The
Correct Response
High Low

6l 7 35.9

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High . Low
53.3 4.7

Per Cent of Examinees Who Know the Correct Answer
To Each Item"ll".l...l.!'l.l-ll..‘..‘.'. 33

Difficulty Index..t....-..-...-...-....-... lll
Discril’flination IndeX. PR N AN N RN S RS N A R ) 27
Equivalent Value of Pearson's P.e.acsverseas 1

Equivalent Value of Fisher's Z..c.ieeeanss ol
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Item # T The part of the brain which 1s used
for
thinking is the (a) cerebrum; (b) cerebelium:
(¢) pineal body; (d) medulla, ’

Responses for Each Item in the Highest 27 Per Cent

Cholice
A B C D Omitted
269 52 0 18 1
Responses for Easch Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
16l 88 9 58 2

Correct ResSpONSe@....ciicecerstsvesssosnsarccssone A

Per Cents of Examinees in Each Group With The
Correct Respcnse
High Low

79.2 48,2

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low

72.0 30.7

Per Cent of Examinees Who Know the Correct Answer
To EGCh Item...cc--.0-.-----0-.0-----n--q. 52

DiffiCU].ty Inde-K¢....‘sl-.uqtpho-accc---o-- 51
Discrimination Index..-.-.l.I............C 26
Equivalent Value of Pearson's Peiescecsses 0

Equivalent Value of Fisher's z............ |3
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Item #72 The cause of night blindness is (a) eyestrain;
(b) a virus; (c% a bacterium; (d) s vitamin
deficiency.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D omitted
13 L 2 321 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D omitted
88 27 1L 198 13

Correct ReSpONS€s..ccsssccsssssoncsssscesssssse D

Per Cents of Exeminees in Each Group With The
Correct Respcnse
High Low

9’-‘-05 ’ 5802
Per Cents of Examinees in Each Group Wlth The
Correct Response After Correction for Chance

Success

High Low

93.3 e O
Per Cent of Examinees Whqo Know the Correct Answer
To Each Item.e.vesieoecassetrnscensscsanensnsn 72

Difficulty Index..g........;..--......-...- 60
Discrimination IndeX...eesvecuoncsenvennss 40
Equivalent Value of Pearson's Pii.eeevenes .58

Equivalent Value of Fisher's z.,.......c.s b6
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Item # 73 Obeying traffic lights for most people is
(a) a reflex; (b) a tropism; (c) an instinct;
(d) a habit.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
26 3 12 299 0
Responses for Each Item in the Lowest 27 Per Cent
Cnoice
A B c D Oomitted
62 1y Ly 22 8

Correct ReSpONSB..cccsctssssscsasarsssvssvuansns D

Per Cents of Examinees in Each Group With The
Correct Resvponse
High Low

88.0 62.4

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
84.0 49.3

Per Cent of Examinees Who Know the Correct Answer
To Each Item........-....I.....'I...‘..... 68

Difflculty Index}.g................-....... 59
Discrimination IndeX...eveeeievecsecareres 25
Equivajent Value of Pearson’s r.....coecoee  ,39

Equivalent Velue of Fisher's Z.uue.vcvvuees A
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Item #74, 1In normal vision, the part of the eye. o
n
which light focuses, 1is the (a) corge;;
(b) lens; (c¢) retina; (d) humor.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omittegﬁ
11 L3 28 2 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B __C D Omitted
81 118 115 12 1l

Correct ResponSE€.....cccuvvecnrtecsscsscsscannss

Per Cents of Examinees in Esch Group With The
Correct Response
High Low

83.6 33.9

Per Cents of Fxaminees in Each Group With The
Correct Respeonse After Correction for Chance
Success

High Low
78.7 12.0

Per Cent of Examinees Who Knew the Correct Answer
To Each Item.ilﬂitll.l.'.CQ."OIQ".!IIOO. L‘h

Difficulty Index....n.......n.q.......... ).l,a
Discriﬂﬂ-nation Index.oﬁtoqovnocoqcna‘lc.ll L|,9
Equivalent Value of Pearson's Peiiseeesoee 467

Equivalent Value of Fisher'8 Z.ec.veevesss 81
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Item # 75 Abnormal height in a young person is usually
df:ngo %ggroper runot%o?ing of the (a) adrensl
H pancreas; (¢) pitult land;
%d) thymus gland. ’ My e ’

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
13 2 296 28 1
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
65 8 189 58 20

COI‘I"ect Re_sponse.--t-n-o...o.o.--nooooc-onco--. C

Per Cents of Examinees in Esch Group With The
Correct Response
High Low

87.1 55.6
Per Cents of Exeminees in Each Group With The

Correct Response After Correction for Chance
Success

High Low
82.7 41.3

Per Cent of Examlnees Who Know the Correct Answer
To EachItem.l‘.'l..|cc..-ll.‘llgll..‘.t.t 63

Difficulty IndeX.assesvencaerceccsscssass. Gb
Discrimination IndeX.icessucerecsscnesnee 29
Equivalent Value of Pearson's I'ic.ece.-s.. 45

Equivalent Value of Fisher's z............ 8
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Item #76 Chemical substances used to destroy 1nsects
are called (a) emulsions; (b) insecticides;
(e) powdera; (d) germlicides.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
Y 333 0 7 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D Omitted
16 2l 28 37 15

Correct Response.--ocﬂnnl'oo_.--s'l-.'Q-ocnnnch B

Per Cents of FExaminees in Each Group With The
Correct Response
High Low

98.0 71.8

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
97.3 62.7

Per Cent of Examinees Who Know the Correct Answer
To Each Item.ll.....l.....l...ll.ll..I-l.. 83

Dirficulty Indax..l..-.'.‘GQQuicooIio.ooaco 68
Discrimination IndeX...evecervoncssnercass 39
Equivalent Value of Pearson's Pei.c.c..ceeee o57

Equivalent Value of FiSher's Zeeeevesennns .65
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Item #77 Organic matter may be returned to the soil
by the use of (a) crop residues; (b) green-
manure crops; (¢) manure from enimals;

(d) 8ll of thease.

Responses for Each Item in the Highest 27 Per (ent

Cholece
A B C D Onmitted
5 16 50 269 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B G D Gmitted
32 23 73 190 22

corrﬂct Response--..---._.on‘..--.-...-.---o--.-o D

Per Cents of Examinees in Each Group With The

Correct Response
High Low

79.2 55.9

Per. Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

72.0 1.3
Por Cent of Examinees Who Know the Correct Answer
To Each Item..l..‘-.‘.llll....lllill...... 57

Difficulty Index....u......g..n........... 5}4‘
Discrimination Index---o.o-..oo..oo.----.o 20
Equivalent Value of Pearson’s P..veeeecces .32

Equivalent Value of Fisher's Z........c... .33
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Item #78 The purpose of contour plowing is to
(a) discourage insects; (b) beautify the

farm; (o) save the topsoil; (d) control
weeds.,

Responses for Each Item in the Highest 27 Per Cent

Cheice
A B C D Omitted
0 Y 340 0 0
Responses for Each Item in the Lowest 27 Per Cent
Cholce
A B c D Omitted
17 7 242 54 20
Correct RESpPONSBe...catrisrttssacsessssssssoscsans 0

Per Cents of Examinees in Eech Group With The
Correct Response
High Low

100.0 T1.2

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

100,0 61.3
Per Cent of Examinees Who Know the Correct Answer
To EaCh Iteml-ll...-. ..... * & & & » 8 8 & b o bt d e g0 85+

Difficulty Index..........-q..--........... 68
Discrimination IndeX...eceveeeosciescreacas 5O
Equivalent Value of Pearson's re.eececsess L68

Equivalent Value of Fisherts z........ svee o83
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Item # 79 1In 1906, the federal govermnment protected the
deer ln Kalbab Natlonsl Forest against any
type of killing. At first the number of deer
increased, but then gradually decressed. This
decrease was because (8) hunters ignored the
law; (b) the food supply wes becoming exhausted;
(¢) the deer could not be protected sgainst
wild animals; (d) the deer fought with each

other.
Responses for Each Item in the Highest 27 Per Cent
Choeice
A B C D gmitted
7 304 25 I 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
51 200 55 17 17

Correct ReSPONSE...cceveesssasesscssssssnssrasas B

Per Cents of Examinees In Each Group With The

Correct Response
Hi Low

89.4 58.8

Per Cents of Examinees in Each Group With The
Correct Response After Correctlon for Chance

Success
High Low

85.3 4s.3

Per Cent of Examinees Whe Know the Correct Answer
To Each Item.l......ll..........l‘l...I‘.. 66

Difficulty Index...’....'..........'-.ll... 58
Discrimination IndeX.....ececvevceenccceee 29
Equivalent Value pof Pearson's Peisvsesssess 45

Equivalent Value of Fisher's Z..iivcveeees 48
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Item #80 An animal that was once threatened with
extinction in this country, but is now
increasing in number is the (a) bison;
(b) squirrel; (o) coyote; (d) passenger
pigeon.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
308 10 10 12 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B _C D Omitted
2 bl 33 78 23

correct Response."...'l...l..........l.....I.. A

 Per Cents of Examinees in Each Group With The
Correct Response
High Low

90.6 1.8
Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
88.0 22.7

Per Cent of Examinees Who Know the Correct Answer
TO Each Itemolto--..‘-tcc-.o.t-lu---.-.-.. 57

Dirficulty Index-..,.c.t..t‘... A% o580 "0 sbadoe 53
Discrimination IndeX..iessevceeecaccnnenes 47
Equivalent Value of Pearson's T...eceesoae 65

Equivalent Value of Fisher's 2z............ .78
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Item #81 An insect which 1s considered valuable is
the (a) cutworm (b) termite; (c) ladybird
beetle; (d) locust.

Responses for Each Item in the Highest 27 Per (ent

Choice
A B C D Omitted
32 0 300 7 1
Responses for Each Item in the Lowest 27 Per Cent
Cholce
A B c D Omitted
73 4 190 45 28

Correct Response.-.........-......o.......-o-..c

Per Cents of FExaminees in Each Group With The
Correct Response
High Low

88.3 55.9

Per Cents of Examinees in Each Group With The
Correct Response After Correctlion for Chance
Success

High Low
84.0 .3

Per Cent of Examinees Who Know the Correct Answer
TO Each Item'l."‘-...........l......l.... 6u

Difficulty Indaxn.-.."l.‘C.Q.i-c--...nu.-- 57
Discrimination IndeX...eeeeecevecscsnceces 30
Equivalent Value of Pearson's r........... )16

Equivalent Value of Fisher's z............ .50
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Item # 82 The greatest destruction in forests 1s caused
by (a) lichens; (b) insects; (c) beavers;
(d) fires.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B S Omitted
2 19 1 318 0
Responses for Each Item in the Lowest 27 Per Cent
' Cholce
A B C D gmitted
6 17 6 304 7
Correct Response.o-o ----- too----.-nu-v.oo.--u-.D

Per Cents of Examinees in Esch Group With The

Correct Response
High Low

93.6 89.4

Per Cents of Examinees 1n Each Group With The
Correct Response After Correction for Chance
Success

High Low
92.0 85.3

Per Cent of Examinees Who Know the Correct Answer
TO EECh Item.lit.ttijvcl.I...Q.l.........l 89

Difficulty Index-......o..-.‘.too----o-oo-- 76
Discrimination IndeX...vvescecesnvscrvecaes 9
Equivalent Value of Pearson’s re..eseoeeses L15

Equivalent Value of Fisher's z........... v W15
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Item # 83 PFish hatcheries are places where fish are
(a) prepared to be used as food; (b} cared
for during the winter; (c) artificially

propogated; (d) studied in their natural
environment,

Responses for Each Item in the Highest 27 Per Cent

Choice
A B c__ D omitted
6 10 306 18 0
Responses for Each Item in the Lowest 27 Per Cent
Cholice '
A B ¢ D__ omitted
58 43 16l 57 18

corrBCt Response.......I"l....l.l..........ll.c

Per Cents of Fxaminees in Each Group With The

Correct Response
High Low

90.0 L8.3

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

86.7 30.7
Per Cent of Examinees Who Know the Correct Answer
To EECh Item...lil..-'.Illllitﬁ.ctotlii..- 61

Difficulty Index.......-..-.........-....... 55
Digerimination IndeXe.eereecnoonroecnsenes 40
Equivalent Velue of Pearson's Peu..eevcss.. ,G§

Equivalent Value of Fisher's z........cves 66
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Item #84 oOne species of tree which has been almost
entirely destroyed by a perasitic blight is
the (a) bireh; (b) osk; {(c¢) chestnut; {d) ash.,

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
53 2l 183 72 8
Responses fer Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
88 50 76 99 27

Correct Response.‘..l.......II'...'..II....I... c

Psr Cents of Examinees in Each Group With The
Correct Response
High Low

53.8 22.3

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low

38.7 0.0

Per Cent of Examinees Whe Know the Correct Answer
TO EaCh Item.....--.-.c..ctl.lc!‘o.u.:to.- 15-

Difficulty Index.....-....-g.. TR EE T 32
Discrimination IndeX...ceeeeesvrnvaccrs-res 504
Equivalent Value of Pearson's Peciesscesee 68+

Equivalent Value of Fisher's z...... cessns B3+
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Item #85 The orgenic matter in soil is called
(a) humus; (b) silt; (¢) loam; (4) clay.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C. D Omitted
295 10 .32 1 2
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
147 52 67 50 2l

COI‘I’ect Response.-.-.--‘-o.-u--..---.-o---o-o-- A.

Per Cents of Examinees in Each Group With The

Correct Response
High Low

86.8 43.2

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

82.7 2.0
Per Cont of Examinees Who Know the Correct Answer
TO EaCh Item.-q-.---q.- lllll L 30 S N BN A AN AR BN L ) SL'_

DifinUlty Indexc.‘nonﬁll.lqﬁllco-q--u,q a0 52
Discrimination IndeX.ceesevesecscacseseanea ifd
Equivalent Value of Pearson's Pii.see.ceae 59

Equivalent Value of FPisher's Z......ve:02¢ 68
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Item # 86 Soil erosion is not likely to be caused by
{a) high mountains; (b) weeds; (c) desert
region; (d) heavy rains,

Responses for Each Item in the Highest 27 Per (Cent

Chelce
A B C D Omitted
11 296 21 12 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
47 156 5l 70 16

Correct Response.l.-"‘!.....".Il..'."'....‘. B

Per Cents of Exsminees in Each Group With The
Correct Response
High Low

87.1 45.8

Per Cents of Examinees in Each Group With The
Correct Response After Correctien for Chance
Success

High Low
82.7 28.0

Per Cent of Examinees Who Know the Correct Answer
To EaCh Item.'.....-'lQQCD....D..OI.Ot.l.. 56

Difficulty IndBX¢...ccn--g0Qo-ao'.oo-...-oc 53
Discrimination IndeX...svevscecctescasesces 138
Equivalent Value of Pearson's Fi..ssecesse 5§

Equivalent Value of Fisherts zZ............ ,63
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Item # 87 The type of soil which 1s best able to hold
water 1s a (a) sandy soil; (b) clay soil;
(¢) mixture of send and clay; (d) loamy soil.

Responses for Fach Item in the Highest 27 Per Cent

Choice
A B C D tmitted
14 39 21 253 3
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B c D Omitted
56 48 93 119 2l

Correct ReSPONS@ese s casseresnncerssssssanssesacss B

Per Cents of Examinees in Each Group With The
Correct Response
High Low

11.5 1’-'-.1

Per Cents of FExaminees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

000 0.0
Per Cent of Examinees Who Know the Correct Answer
To Each Item.-.l-... llllllll *® & = 9 35 8 5 & = » v 2 ® OO
Dirficulty Index.i...ﬂﬁii.....iiii....Qillll 0
Discrimination IndeX..vesecsevecesscosssss 4]

Equivalent Value of Pearson's IFiieeseceses .00

Equivalent Value of Fisher's z......ce200+ ,L,00



163

Item #88 The drainage of swamps tends to (a) increase
wildlife; (b) prevent floods; (c) destroy the
b:lance in the water cyecle; (d) prevent dust
SLoIrms,

Responses for Each Item in the Highest 27 Per Cent

Cholce
A B ¢ D omitted
84 77 174 2 3
Responges for Each Item in the Lowest 27 Per Cent
Cholice
A B C D Omitted
97 9l 108 8 33

Correct ResponSEIioo-..-..l-ltt.-.t.-...-o..-.. C

Per Cents of Examinees in Each Group With The
Correct Response
High Low

51.2 31,8

Per Cents of Examinees in Each Group With The
Correct Responese After Correction for Chance

Success

High Low

3.7 9.3
Per Cent of Exsminees Who Know the Correct Answer
To Each Item-l...-...lll‘l'.."lll".l‘l.. 21

Difficulty Index.....-.o..-...-.....-.-,..- 31“
Discrimination Index...l..lI..D.'QQI.I!OO. 23
Equivalent-Value of Pearson's Pievesssveen .36

Equivalent Value of Fisher's zZ............ ,L,38
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Item # 89 The Tennessee Valley Authority is directly
concerned with (a) flood control; (b) control
of soil eroslon; (c¢) reforestetion; (d) all
of these,

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
1k 11 2 180 3
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
90 58 20 143 29

COrrect Response...cqcccq..---....l‘.oit‘un.-.. D

Per Cents of Examinees in Each Group With The
Correct Response
High Low

52.9 y2.1
Per Cents of Examinees in Each Group With The

Correct Response After Correction for Chance
Suecess

High = Leow
37.3 22.7

Per Cent of Lxaminees Who Know the Correct Answer
To Each Item."...‘.lt'l".'..'.l'lﬂd.iII. 30

Difficulty Index... -‘-;'i-ttonni_00|ncoq s s v e 39
Discrimination IndGX..-o-o...-o...-o.o---o 10
Equivalent Value of Pearson's P....coveeee 17

Equivalent Value of Fisher's z........c0v¢ ,L17
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Item #90 Soill conaservation is not aided by (a) addition
of s80ll nutrients; (b) formation of gullles;
(¢c) ercp rotation; (d) contour plowing.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
15 322 0 3 0
Responses for Each Item in the Lowest 27 Per Cent
Cholce
A B c D__ Omitted
46 185 - 48 30 31

Correct ReSpPONSCi.ccercctersrecsssasasnsrcenseacas B

Per Cents of Exesminees in Each Group With The
Correct Response
High Low

9“" 7 Sll-oll-
Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

93.3 38.7
Per Cent of Examinees Who Know the Correct Answer
TO EachItem.ll...Ol-ll..l.!....l.l.‘!ll'. 69
Difficulty Indax.......-................... 59

Discrimination IndeX...ceoecosnscenscnsssss 43
Equivalent Value of Pearson's Ii..eeeo.o... 6]

Equivalent Value of Fisher's z............ .7
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Item #91 Many wild flowers are protected by law and
must not be picked. This is because these
flowers (a) are poisonous; (b) cause allergles;

(c) are becoming extinet; (d) furnish
shelter to birds, P food and

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
1 0 292 47 0
Responses for Each Item in the Lowest 27 Per (Cent
Cholce
A B c D omitted
1y 17 200 8l 25

Correct ResponSe..cccericasesssesnsscscosenssss D

Per Cents ¢f Examinees in Emch Group With The
Correct Response
High Low

13.8 2.7

Per Cents of Fxeaminees in Each Group With The
Correct Response After Correction for Chance

Succesa

High Low

0.0 0,0
Per Cent of Examinees Who Know the Correct Answer
TD EaCh Item-...-.........-..-.-.......-.. 00

Difficulty Index...-...-...q....-.......... 0
Discrimination IndeX..vcvevecssccessaneses 0
Equivalent Value of Pe&arson's Pe.iececesee 00

Equivalent Value of Fisher's Z.sv..e.vveee 00
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Item #92 In the spring, a farmer burned the grass
around his farm to get rid of the weeds.
That summer, his farm was deluged with
insects. This probsbly (a) was because the
insects were better able to find food;
(b) was because the insects were brought to
the surface by the fire; (c) was because the
fire destroyed the nest of birds; (d) had no
connection with the fire,

Responses for Each Item in the Highest 27 Per Cent

. Choice
A B C D Qmitted
1y 25 139 159 3
Reaponses for Each Item in the Lowest 27 Per Cent
~ Cholce
A B c D omitted
45 108 37 . 12y - 26

Correct ResponBe...cvcsccsestscrncsssscasasnvsce

Per Cents of Examinees in Each Group With The
Correct Response '

High Low

LI.O.S ) 10.9

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Suecess

High Low
21.3 0.0

Per Cent of Examinees Who Know the Correct Answer
ToEach Item.....l......C.'...O..I...lll_.. 09-

Difficu:lty Indexa.‘.:..---,..;.-..----..-l._.-. 2L|_
Discrimination Ihd.ex-onoru‘c---oo " EEE] -.'.,. . 37+
Equivalent Value of Pearson's Pisvscsnsnss 554

Equivalent Value 0f FISher's Z.ve.eeeesens +H14
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Item # 93 A bird which is considered a pest is the
(a) barn owl; (b) seasgull; (c¢) English
sparrow; (d) qusail.

Responses for Each Item in the Highest 27 Per Cent

Cheice
A B C D Omitted
Ly 21 266 9 0
Responses for Each Item in the Lowest 27 Per Cent
Choice
A _B C D Oomitted
122 30 136 27 25

correct Responsel....-..‘....."..‘....I-l"l'. C

Per Cents of Examinees in Each Group With The
Correct Response
High Low

78.3 1&0.0

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

T0.7 20,0
Per Cent of Examinees Who Know the Correct Answer
To Each Item."l...'...llll..ll...l!ll.-.‘ us

Difriculty Index.....-’--‘.;&...loccno-talc )4_8
Discrimination IndeXeeeesoessssssacsnssnsos 35
Equivalent Value of Pearson's r...ev.c.vee 52

Equivalent Value of Fisher's z............ .58
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Item # 944 fThe balance of nature has been most often
upset by (a) wind; (b) floods; (e¢) insects;
(d) man,

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
0 10 5 325 0
Reaponsesz for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
15 86 27 183 29

Correct Response.‘.-ll‘Il......"l.....’....... D

Per Cents of Examinees in Each Group With The
Correct Response
High Low

95.7 53.8
Per Cents of Examinees in Each Group With The

Correct Response After Correction for Chance
Success

High Low
9.7 38.7

Per Cent of Examinees Who Know the Correct Answer
To E8Ch It6Mecsiceraastncearscncsnasstannsas Ti

Difficlﬁ.ty Indax...oc'..-QnQ..-Ooo-o-.--qoo 59
Discl"imination Index.....-............--.. u?
Equivalent Value of Pesrson’'s Pui.c.escaes.s o658

Equivalent Value of Fisher's zZ.......... .« .78
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Item #95 Floods and soil erosion ere most apt to
result from (&) crop rotation; (b) strip
oropping; (c) deforestation; (d) terracing.

Responses for Each Item in the Highest 27 Per (Cent

Choice
A B C D Omitted
0 12 320 7 1
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
25 69 163 49 3k

correct Response'll...!.....-'..-......l....... c

Per Cents of Exeminees in Each Group With The
Correct Response
High Low

94.2 48.0

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low

92.0 30.7

Per Cent of Examinees Who Know the Correct Answer
ToEach Item......"‘l.Il-.......!O'D.Ill. 6u

Diffictﬂ.ty Index-.edQI.loqoﬂqntlt---c--c.no 56
Discrimination Index'.."..ll..l.."..l‘.. )_*.7
Equivalent Value of Pearson's r........... ,65

Equivalent Value of Fisher's z............ ,78
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Item # 96 Japanese beetles are more of a pest in this
country than in Japan, because in this
country (&) food is more plentiful; (b) there
are fewer natural enemies; (c) the climate is
more sultable; (d) the govermment has not
tried to eradicate them.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B c D Omitted
2 304 13 1 1
Responses for Each Item in the Lowest 27 Per (Cent
Choice
A B Y D Cmitted
77 126 71 37 29

Correct Response.'l...‘.‘..‘...'l...'.l.l.......B

Per Cents of Examinees in Each Group With The

Correct Response
High Low

89.4 37.1

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance

Success

High Low

85.3 16.0
Per Cent of Examinees Who Know the Correct Answer
To EaCh Item....---..--.--ono-.. ----- * o 2 g 51

Difficulty Index.......-...q..-............ 51
Discrimination IndeX...cveevivvcvececeaess B0
Equivalent Value of Pearson's Pic.ssveevee 68

Equivalent Value of Fisher's z............ ,83
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Item #97 1In 1886, Pennsylvanie pald people who killed
hawks and barn owls. The loss in fruit and
graln crops which resulted wes probably due
to (a) a lack of pollination; (b) an inerease
in fleld mice; (c) weather conditions;

(d) all of these factors,

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C D Omitted
16 305 6 12 1l
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D omitted
58 116 4o 93 33

corl"ect Responselo-ooo‘..i..ooo-ooo...--go--ob. B

Per Cents of Examinees in Each Group With The
Correct Response
High Low

89.8 34.1
Per Cents of Examinees in Each Group With The

Correct Responge After Correction for Chance
Success

High Low
86.7 12.0

Per Cent of Examinees Who Know the Correct Answer
To EaCh Iteml.l'.ll.it..!.'0...'...-...'.. hg

Difficulty Index......--......u........... 50
DiSOI‘il’ﬂinatiOH Index..---.....l.o-o.ooo-oo 55
Equivalent Value of Pearson's P...cececses ,72

Equivalent Value of Fisher's z.......cc00es L,91
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Item #98 If you were to give a talk on the conservation
of lumber, which of the following recommenda-
tions should you not make? (&) use smsll
pleces of lumber whenever they are suitable;

(b) use the best available lumber for the
purpose; (c) coat lumber that is to be placed
in the ground with a suitable paint or chemical;
(d) never use plywood as a substitute for other
types of lumber.

Reaponses for Each Item in the Highest 27 Per Cent

Chaice
A - B G D Omitted
55 50 65 163 7
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B ¢ D omitted
] 52 79 90 Ls

Correct Response..'...'l.l....'l‘.‘....'....‘.. D

Per Cents of Examinees in Esch Group With The

Correct Response
High Low

47.9 26.4
Per Cents of Examinees in Each Group With The

Correct Response After Correction for Chance
Success

High Low
30.7 1.3

Per Cent of Examinees Who Know the Correct Answer
To Each Iteml.l..t.-.-.I.l.l...l.l....ll.' 12

Difficulty IndEXG-Qboool.th..tol-------a-- 30
Discrimj.n&tion Index.oiotilnt'.o..oo.oo-o. ll_s
Equivalent Value of Pearson's rsc......... ,63

Equivalent Value of Fisher's Z............ .74
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Item #99 Compost 1s used (a) to ilmprove soil
fertility; (b) to destroy bacteria;
(¢c) to prevent soill erosion; (d) as
an aid to crop rotation.

Responses for Each Item in the Highest 27 Per Cent

Choice
A B C - D Omitted
294 18 6 15 7
Responses for Each Item in the Lowest 27 Per Cent
Cholce
A B c D omitted
122 b0 u6 65 67

COI‘I‘BCt Responsel.'oc.cc--.-.--101--.01-..-.--. A

Per Cents of Examinees in Each Group With The
Correct Response
High Low

86.5 35.9

Per Cents of Examinees in Esch Group With The
Correct Response After Correction for Chance
Succesa

High Low
82.7 14,7

Per Cent of Examinees Who Know the Correct Answer
TO Each Item..OO0.00COIIDIOlQOIlllllt.o!ll 49

Difficulty Index.o...cr!onﬁtq.llclol.lo-l.lo 50
Dchrimination Index-_.--.a.oo-o.----..--e- L|.8
Equivalent Value of Pearson's PFi..eecvsesee o66

Equivalent Value of Fisher's zZ.......00002+ 479
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Item #100 In crop rotation, which of the following
i1s usually Included? (a) legumes;
(b) cotton; (c) corn; (&) oats.

Responses for Fach Item in the Highest 27 Per Cent

Choice
A B C D Omitted
272 12 26 28 2
Responses for Each Item in the Lowest 27 Per Cent
Choice
A B C D Omitted
68 36 107 88 41

Correct Responsetoo-ltolli.l..l.'.lotiitloll!‘! A

Per Cents of Fxaminees in Eeach Group With The
Correct Response
High Low

80.0 20.0

Per Cents of Examinees in Each Group With The
Correct Response After Correction for Chance
Success

High Low
73.3 0.0

Per Cent of Examinees Who Know the Correct Answer
TO EaCh Item.-looo-upcoo-.c----..-o-oncoo. 29-

Dirficulty IndGXQ.j.......oq.llo.co.ncoc..o u3
Discrimination IndeX...eveevevocrcnssannes  TO+
Equlvalent Value of Pearson’s r.isc.ecesses. 82+

Equivalent Value of Fisher's 2Z........e00.¢ 1,164
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7. A Review of 13 High School Biology Texts

It was hoped that one of the results of this study
would be that it would serve as an influentlal factor in
the construction of future blology texts. Publishers and
textbook authors are anxicus to give teachers what they need
and what they want. It was hoped that thils study would
point out some of the needs for textbook revlisions. There-
fore, it seemed desirable to determine the amount of cover-
age given to those arees of blology most frequently named
as most important. The texts which were reviewed are all
being used in a number of high schools at the present time,
Also, all of the texts used have been published since
Jenuary of 1950, It is probably safe to assume that the
books which have been reviewed sccount for over 90 per cent
of recent sales of high school biology texts. Since no
real purpose would be served, the title of the texts will
be omitted. In reviewing the texts, a count was made of
the number of pages which were gilven to thoae areas named
ag most Important by selected high school biology teachers.
The results are presented in Table 13,
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Table 13, The Number of Pages Given, In Each of 13 Recently
Published Texts, to the Four Areas of Bioclogy
Which Were Most Often Named as Most Important.

Approximate Number of Pages Glven To:
Pages in Essential

Body of Biological Life Human Conser-

Book |the Book | Principles | Processes |Physiology| vatlon
(1) (2) (3} (4) (5) (6)
l...| 579 0 1 79 - 10
2ees 758 0 0 117 Nk
3ess 313 0 0 78 18
Boeao 701 0 4 87 90
5¢0e | 752 14 0 33 63
6eee | 430 0 0 110 3
Teos 5S40 12 11 66 37
Beus 616 0 3 49 38
> JR 676 0 23 123 25
10... 397 0 2 69 i0
1l... 713 0 10 76 43
12... 401 0 6 53 20
13...] U467 0 5 55 30

It can be seen from the table that there are only two
texts with pages given to blological principles. However,
it would be erroneous indeed and most unjust to conclude that
the authors of the other 11 texts have disregarded biological
principles, It merely points out that the authors of only
two texts have seen fit to devote special emphasis to thils
particular phase of blology. Unguestionably, bioclogical
principles may be gleaned from all of the texts, but 1t is
far better to use headings, rather than require teachers and

pupils to search for these principles,
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Much the same things may be sald in regard to the area
of essential life pfocesses. While four texts have not
mentioned them at all per se, they certalnly are discussed
throughout the body of the text in relation to particular

plants and enimals.

8. A Review of Seven Standardized Bilology Tests

If the areas named by selected biology teachers as
most important are truly most important, then we should
hope that teat constructors would give emphasis to them,
4 review of seven tests determined the emount of emphasis
which was given to each of the four named areas, While some
of the tests which were reviewed are quite old, they are
useful in that we can compare them with the more recent
tests. The number of published tests is small. None has
been published since 1950. Again, since all but two tests
are over 10 years old, and since no useful purpose would be
served, the nemes of the tests are not given. The results

of this review are given in Table 1l.
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Table 1l. The Number of Items 1in Each of Seven Standardized
Biology Teats which Test for a Knowledge of One

of the Four Aress of Biology which were Most Often
Named as Most Important

Publi- | Number Essential
cation|of Test | Blologlcal Life Humsen Conserva-
Yoar Items Principles | Processes | Physiology | tion
(1) (2) (3) (4) (5) (6)
1924.. 112 8 10 i 2
1929.. 230 T 30 2 8
1937..| 105 7 7 5 0
1939.. 118 1 7 9 2
1945.. 137 69 11 9 i
1949.. 89 10 9 1l 2
1950.. 75 30 19 5 1h

While some of the tests seemed to place undue emphasis

on atructural biology and on nomenclature, this was not true

of all. The test which was published in 1945, for example,

devoted an entire section to blological principles. In this

cese, however, the area of conservation was greatly
neglected. By looking at Table 1l, one may come to two

conclusions. There 1s a real need for more tests in biology.
Also, tests in the future should be so designed as to be
certain that proper emphasis is given to the most importent

aresas.



CHAPTER V
SUMMARY, CONCLUSIONS AND SUGGESTIONS FOR FURTHER STUDY

l. Summary

The problem.-- Blology occuples a very important place

in most high school curricula. More high school students
take blology than teke any other sclence course. It is
more and more becoming a required rather than an optional
course.,

However, biology 1s a small word which embraces a
very large fleld of knowledge. The field 1s soc large that
it 1s impossible to even consider covering it in a single
high school course. The teacher, then, 1s faced with the
problem of determining the material that should be included
and the material which should be emphasized.

To determine the blological arees that are most impor-
tent for high school pupils, it seemed best to ask those
who are closest to the problem, the teachers, themselves.

This was done by means of two surveys. In the first
survey, selected teacher-members of the N.A.B.T. located
throughout the United States were given absolute freedon
and were sgsked to name the one most lmportant and the one
least important area of biclogy. It was felt that by asking

teschers to name only one most important area and only one

=180-
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least important area, great thought and very careful
selection would result. Any faults that were inherent in
this method of survey were corrected in the second survey,
when a 1list of areas was supplied to esch teacher. The
results were tabulated and the same teachers were then
given & list from which they chose the three most important
and the three least important blologicel areas., The results
were then tabulated.

The second major part of the problem was an attempt to
get an indication of the extent to,which high school pupiis
had learned the four areas, determined to be the most
important,

The first survey.-- In order that this survey might

have meaning, it was felt that there should be at least
500 teachers taking part. To get this number of replies,
letters were sent to 2000 members of the Natlional Assocla-
tion of Blology Teachers. These teachers wers asked to
name the area of blology which they considered most impor-
tant and the area which they considered least important.
These teeschers were not given a list nor was the word "area"
defined. This was done deliberestely so as not to limit in
any way thelr thinklng on the problem.

There were 931 who replied, and these represented all

sections of the country. From these replles, 795 were used
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in determining the most important areas. The others were
discarded for various reasons. Of the 931 replies, 829
were used in determlining the least important areas. Again,
the others were discarded for various reasons.

The results were tasbulated, and a list of 24 areas was
made from & 1ist of 30 areas most of ten named as most
important. The other six were not used because they were
too inclusive, 1n terms of testing material and textbook
material.

The ten aresas that were nost often named a&as most lmpor-
tant, in their order of frequency are: human blology;
conservetion; human physiology; ecoclogy; health and hyglene;
physiology (general); genetics; human anatomy; essentisl
life processes; and blology applied to humens. The aress
of humen biology and biology applied to humaens were two of
the six areas that were not used for the second survey
because they were so inclusive,

The second survey.-- The list of the 2l areas most

often named &s most important was sent to each of the 793
teachers who had lndicated that they would be willing to do
further work on the study. They were asked to choose, from
thig 1ist, the three areas which they considered most
important and the three areas which they considered least

important.
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Five hundred and twenty-seven replies were received.
Pifty of these were not ussble because the reply cards were
not correctly filled out. The results were tabulated. The
areas were then placed in order eccording to the number of
times that they were named most Important. The areas were
also placed in order according to the number of times that
they were nemed as least important. In this survey, the
four areas that were named most often as most important
were named lsast often as least important.l/ In the areas
nsmed as most important, there was a definite breaking
point after the fifth area, health and hygiene. Since in
many 8chools, this 1s offered as a course separate from
general blology, there would be a definite disadvantage to
including thils as one of the areas of the test. The four
areas then, for which the test had to be devised ﬁere:
Essential 1ife processes; blologlcal principles; conserva-
tion of natural resources; and human physioclogy.

Construction of the test.-- For & number of reasons,

it was deemed best to have all of the items of the multiple-
choice type. Also, after holding a number of time trials,
it was felt that 100 items could be answered in the allot-
ted time, Therefore, it became necessary to construct 25

items for each of the four areas,

i/5ee p. 350.
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The materisl for which the ltems were Intended to test
was taken from a number of high school blology texts.
Distribution and administration of the test.-- Letters

were sent to 100 teachers asking 1f they would be willing
to glve the test to one of thelr classes. Seventy-seven
replied in the affirmative, and 50 of these were chosen on
the basls of the greatest possible geographical distribu-~
tion.,

Thirty copies of the test were sent to each éf these
S0 teachers, It was explained that the test was divided
into four sections of 25 items each, and the teachers were
asked to allow 9 minutes for each group of 25 items. The
teachers were 8lso asked to Indicate any items which they
felt were not teachable; l.e., items in which the difficulty
level of the materiel was too high for high school pupils,

Results of the test.=-- Of the 50 sets of tests that

were distributed, two were received too late to be adminis-
tered, and two were not returned until the following fall
and so were not included. Forty-six sets, with a total of
1260 tests and with a national distribution, were corrected
end included in the study.

It was found that the averagel/ per cent of those who'

were assumed to imow the correct answers to the ltems on

1/An arithmetical average.
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biclogical principles was 54; to the items on essential

1ife processes, it was 51; to the items on human physiology,
it was }7; and to the items on conservation, it was 47, The
aversge of these four figures is slightly less than 50 per
cent. This polnts out that on the average, approximetely
50 per cent of the examinees could be assumed to know the
answers to each item. At firet glence, this per cent might
seem adequate. Indeed, 1t would be sdegquate if the test
were on just any or on all areas of biology. However, the
test was concerned only with the four areas of biology which
hed been most often named as most important. Also, no
teacher had claimed thet the materiel for any one of the
items was too difficult to be taught to high school pupils.
With these facts in mind, we can see that the per cents
appear to be far too low.

Review of textbooks,-- Of the 13 texts which were

reviewed, only two devoted special emphasis to the area of
blological principles., Four of the 13 texts gave no dis-
cussion of the essential 1life process, per se, and only
three of the books devoted 10 or more pasges to such a
discussion. These findings should not be construed to
mean that most authors have overlooked these aresas, In all
cases, bilological principles and essentlial 1ife processes
can be gleaned from the text, but In many cases this is

left to the teacher or to the pupil.
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The number of pages devoted to human physliology varied
among the texts from 33 to 123. Unlike the cases of the
two previously mentioned areas, the findings here speak out
boldly and clearly. For such an important ares, there is
indeed a wide variastion in covérage from one text to
another,

In the area of conservation, we have a variation from
10 pages to 90 pages. Here again we have a wide variation

in coverage.

Review of standardized tests.-- Only seven tests were

reviewed because there have been so few standardized biolo-
gy tests published. None has been published since 1950
{information as of 1958).

In one test, slightly more than 50 per cent of the
ltems were devoted to blological principles. In snother
test 40 per cent of the items were in this area. There was
then a sharp drop in another test to 1l per cent of the
" items being given to biological principles. The number of
items testing this area went down for one test to less than
1l per cent.

In the area of essentliel life processes, one test used
slightly more than 4O per cent of the items, while the
others ranged from just under 6 per cent to just over 10

per cent.
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In the area of human physiology, the number of items
ranged from elght tenths of 1 per cent to 12 per cent, with
only one test having over 8 per cent.

In the area of conservation, one test devoted nearly
19 per cent of the l1tems. The number of items for this area

on the other tests rangsed from zero to just over 3 per cent.

2. Conclusions

The first survey.-- In this survey, the selected

teachers were not given & 1ist from which to choose the most
important and the least important areas. While this method
was used so that the thinking of the teacher might not be
limited, it also served to point up the wide variety of
opinions among bioclogy teachers. There was a total of 6l
areas of blology named as most importent and [6 of these
were named by teachers giving but one answer. Since by
definition there cannot be 6ip or even 6 "most important”
areas, thls diversity gives a reason for a need of a study
of this type.

The second survey.-- Here 1t is interesting to note

that the area of "essential 1life processes" was chosen first,
whereas in the first survey, it was chosen ninth, Even more
startling is the fact that the area of "biological princi-
ples" finished in twenty-fourth place in the first survey

and in second place in this survey. These observations
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suggest that these two areas were overlooked by a number

of teachers in the first survey, but having had them

pointed out, the teachers were willing to revise thelr
former position. The chenge in position of these two areas
also proved a definite need for this second survey. However,
the unreliability of the teachers! cholce is not in question
because in this second survey, the four areas which were
named most often a&s most important were named least often as
least important.

The test.-~- On the average, only about 50 per cent of
the examinees could be assumed to know the answers to each
item. It is fair to question whether or not this was satis-
factory. If the test were on just any or on all areas of
biology, we might have little reason for concern. However,
this was not the case. The test concerned only the four
areas of blology which had been most often nemed as most
important. Furthser, no teacher had clalmed that the material
for any of the items was too difficult for high school
puplis,

In light of these considerations, we have cause to be
greatly concerned., If this is the extent to which all high
school pupils know this materigl, then far too little

emphasis is being placed on these areas.
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Textboocks.-- Moat of the texts have meager coverage
of the areas of "bilological principles" and "essentiel life
processes”., In light of the stated importance of these
areas, they probably should be given a much gresater coverage.
The task of searching for and pulling of this material from
the content ought not be left to the pupil. It must cleariy
stand ocut so that it becomes impossible for pupil or teacher
to overlook 1t,

There is a great varlation in the amount of coverage
of the ereas of "human physiology" and "conservation". It
is evident, that while all authors think these aresas sre
important, there ls some question as to the opinions on the
extent of thelr importancs.

Standardized tests.-- The value of a standardized

blology test is certainly to be questioned when leas than
1 per cent of the items test for a knowledge of biological
principles. Such was the case with one of the tests which

were reviewed.

3. Suggestions for Further Study

A determination of the extent of emphasis to be placed

on each area,.,-- While this study has made a determination

of the important areas of bilology, it has in no way begun
to sesrch the question of degrees of importance. While the

degree of 1mportance will of necesaity vary somewhat from
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one location to another and from one group to another, some
generalitles can be made. It would be especially helpful
for the beginning teacher to know approximately how long he
should devote to each area.

Writing a course of study for the important areas.--

A course of study which listed the methods and materials
for teaching the important areas of blology would be moat
wortﬁwhile. It would, of course, have to be capable of
adaptetion to & variety of situations, but it could be
written with this point in mind,

Reviewing textbooks to determine posslble changeg,--

It is hoped that textbook authors who are not at present
placing a great deal of emphasis on these important areas
of biology, will do so in the future, A study could be

made 10 years hence to determine whether or not this has

happened.
Wrlting standardized tests.-- Since no standardized

test for high-school bioclogy has been written since 1950,
8 real need exists at the present time. These tests should
be written so that most of the questions are concerned with

the most important areas of blology.



APPENDICES



i92

APPENDIX A
TEACHERS' REACTION TO THE TEST

Of those teachers who received one or more coples of
the test, 20 sent letters in which there was some criticism
of the test.

In nine of the letters, comments were made on the test
as a whole, and none of the ltems was singled out for individ-
ual critieism. In four instances, the teacher made comments
- on the whole test and slso on some of the individual items
in the test. In the seven remaining cases, iIndividual 1tems
were picked out for criticiam, but there were no generalized
commenta included.

There were 36 items that were cormented on or criti-
clzed. Of these, 26 were mentioned by only one teacher.

In a number of these cases, the teacher felt that mors than
one answer was possible. 1In others the teacher felt that
the wording was ambiguous or unfamilier. In two cases, the
items are criticized as being tooleasy. This particuler

2/
teacher felt that items Number 24,° and Number 90" were

%7IEEE_2ET'If"E species of animal life were to suddenly lose
he ablility to reproduce, as a direct result (a) the animals
would all die; (b) the species would become extinct; (c¢) both
of these things would happen; (d) nelther of these things

would happen.

2/Item 90. Soil conservation is not alded by (a) addition of
soll nutrients; (b) formation of gullies; (c) crop rotation;
(d) contour plowing.
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"eeee50 088y they would not function as measuring devices
in most high school classes", It 1s interesting to note
that from his class of 30 pupils, 15 answered Number 24
incorrectly and eight answered Number 90 incorrectly.

Comment or criticism was made by two of the teachers
on six items in the test. The first was ltem Number 16.1/
One teacher felt that the word "develop" should be used in
place of "come into exlstence"™. The other teacher said
that he could not decide on an answer, but that choice (b)
seemed the most logicsal.

The second 1tem criticized by two teachers was ltem
Number 21.2 one teacher felt that it should be prefaced
by the phrase, "to the best of lmowledge". The second
teacher questioned the "euthenticlty" of the item.é

The third item criticized by two teachers was item

Number 33.H/ The first teacher claimed that he didn't "see

1/item 16, Mosquitoes come into existence from (a) stagnaht
water; (b) eggs; (c¢) decaying food; (d) nitrogen.

%ﬁltem 21, The fact that dinosaurs are now extinct indicates
at (a) they were too big; (b) they were not suited to
survive the changlng conditions of the earth; (c) there was
not enough food; (d) they fought with each other.

3/For suthenticity of items, see p. Ll.

i/Ttem 33. Growth is a characteristic of all living things.
However, a snowball, rolling down the side of a snow-covered
hill, grows. The snowball is not alive because (a) it grows
from within; (b) it grows by addition to the outside; (c¢) it
will melt in the sun; (d) 1t is not able to move from place
to place.
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the point of the question". The second teacher merely
named it as one of the five items which were criticized
during class discussion.

The fourth item criticized by two teachers was ltem
Number 1;5.l Again, one teacher named it as having been
criticized during class discussion. The other teacher
suggested the possiblility of the word "passege™ rather than
the word "abasorption".

The fifth 1tem criticlzed by two teachers was item
Number 58.2 The first teacher suggested the inclusion of
"Isles of Langerhans", The second teacher ssid that the
word "prolactin'" is unfemiliar to high school biology
students.

The sixth item criticized by two teachers was item
Number 86.3 One of the teachers sald that he was confused
by the i1tem. The other teacher stated that "heavy rains"

and "high mountains™ were not compareble idess.

There were two ltems that were critlcized by three

1/1tem 5. Absorption of a substance through a membrane 1is
ermed {a) diffusion; (b) osmosis; (c) catabolism;
(d) erosion.

2/Item 58, The pancreas secretes a hormone known as
a) prolactin; (b) thyroxine; {(c) adrenalin; (d) insulin,

3/Item 86. Soil erosion is not likely to be caused by
a) high mountains; (b) weeds; (c) desert region; (d) heavy
rains,
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1
tesachersa. The first was item Number 23.—/ The flirst

teacher asked the question: "Will students think of
nitrogen as nitrates?". The second teacher felt that
"humidity™ would have been a better and less obvious

answer than "nitrogen". The third teacher claimed that the
nltrogen in the atmosphere would be a correct answer, but
that the nitrogen in sodium nitrate of the soil would be
incorrect.

The second item criticized by three teachers was
item Number 57.2 The first teacher sald that some of his
students were confused by the word "hematin". He explains
further thet he understands that it "....is the more accept-
able form of hemoglobin", The othef two teachers also had
the same critiéism.

There were two items that were criticized by five
teachers. The first was item Number 6, One teacher
claimed that the answer was obteinable by elimination of
three of the cholices. Another teacher sald that it was one
of four items which were not clear toc some of the students.

en . ch one of the followlng factors would be least
apt to explaln the geographle distribution of plants and
animals? {(a) heat; (b) light; {c) nitrogen; (d) pressure.

%/Item 57. The red pigment which glves blood 1ts color 1is
a) hemetin; (b) fibrinogen; (c¢) lymph; (d4) globulin,

Q/Item 6. When we exerclse, we breathe faster because (a)
we are tired; (b) we need energy; (c) there is less oxygen
in the air; (4) there is less carbon dloxide in the sair,
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The remalning three teachers claimed that the correct
answer was not among the choices since we actually breathe
faster not because we need energy, but rather because of an
excess amount of carbon dioxide in the blocod.

The second item criticlzed by five teachers was item
Number 10.1 T™wo of these teachers felt that more than one
answer was possible. Another felt that the choices were too
slmilar and that the distinctions were too finely drawn.
Another teacher stated that in his opinion, the item was too
broad in the scope of the answers., Another teacher merely
stated that he did not think it was a good question,

Of the 36 items which received comment or criticism
only three items had the same criticism by more than one
teacher. The three items which had the seme criticism by
more than one teacher are worthy of further consideration
eand ere discussed in the three following paregrephs,

The first of these was item Number 6.2 Three teachers
¢lalmed that the correct answer wes not among the choices.

It is true that breathing is controclled by the medulls, and

i/Item 10, A knowledge of chemistry is important in the study
of biology, becesuse (a) living things are made up of chemi-
cals; (b) living things are dependent upon chemicals;

(c) 1ife processes involve chemical change; (d) & bilologist
should have a knowledge of the other sciences.

2/Item 6, When we exercise, we breathe faster because (a) we
ere tired; (b) we need energy; (c) there 1s less oxygen in
the air; (d) there 1is less carbon dicxide in the alr,
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this in turn 1s stimulated by the csrbon dloxide in the
blood. However, when we exercise, we incresse the carbon
dioxide in the blood, thus bringing about increased breath-
ing. This results 1n more oxygen being brought into the
body. This in turn will react with the carbohydrates of the
body to produce energy. Thus, in fact, the cause for
increased breathing is indirectly a need for energy. It is
interesting to note that 51.8 per cent of the lowest 27 per
cent of those tested answered this item correctly and 84.5
per cent of the highest 27 per cent of those tested answered
the item correctly.

Item Number 105/ received identical criticism by two
teachers. The criticism was that more than one answer was
possible. Of the 340 students who obtalined the highest test
scores, 227 marked cholce (¢); 80 marked choice (a); 21
marked choice (b); 11 marked choice (d); and one left the
item unanswered. There was an approxlmately equal distribu-
tion among the three wrong choices in this item for the 340
students who obtalned the lowest test scores, This would
seem to indlcate that cholce (&) of the 1tem was too close
to the truth and that, in fact, the distinction between

cholce (a) and cholice {(c¢) was not clear.

1/item 10, A knowledge of chemistry is important in the
study of bilology, because (a) living things are mede up of
chemicals; (b) living things are dependent upon chemicals;
{(c) 1life processes involve chemiceal change; (d) a blologist
should have a knowledge of the other sclences,
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In item Number 57, the criticism was for the use of
the word "hematin". While these three teachers admitted
the word to be perfectly proper, they felt that 1t was
unfamillar to high school students. The point is well made.
Most high school blology texts meke no mention of the word.
There is, however, wide mention of the terms of the other
three choices in the item., Familiarity with these three
choices would, of course, lead to the correct answer,

Here, it 1s most important to polnt out that no teacher
felt that the material for any one of the items was too
difficult fo be taught to high school students. This fact
wlll be discussed further in a later chapter.

As was previously stated, some of the comments on the
test as a whole were favorsble, while others were not. A
number of these comments seem worthy of mention.,

One teacher wrote that the test "....hit the nail on
the head on general principles™. He went on to state that
he wes astounded and ashamed that many of his studenta had
not done better in the test. He alsc wrote that he will
try to lncorporate much of the material of the test into
his teaching for next year.

Another teacher felt that there should have been a

series of questions of graded difflculty to chasllenge the

1/1tem G7. The red pigment which gives blocd its color is
a) hematin; (b) fibrinogen; (c¢) lymph; (d) globulin.
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better students. He also wrote that the test did not
cover detailed factusl knowledge and vocabulary and
specific knowledge of living organisms and their habits.
It should be noted that this process was not intended.
The very nsture of the test rules out the inclusion of
items on detalled facts.

Another teacher sent "congratulations on the fine test"
which the suthor had formulated. This teacher went on to
write that she thought it was "a wonderful plece of work",

One teacher said thet: "The test appears sultable
for the level of the students."

A teacher wrote that this is "....a very nice test"
and ",...a good job of testing biology". However, she felt
that her students tend to do poorly on objective tests in
their hurry to be finished first.

Another teacher sald that she liked "....%the organize-
tion of the testing materisl". She felt that this was
"ot good test for the pupil who can do abstract thinking",
However, she also was of the opinion that there was "an
over-emphasis on vocabulary",

Another teacher wrote to say that meny of his students
hed finlshed the test before the slloted time had elapsed.

One teacher wrote that when she had reviewed the results

of her class on the test, she was not impressed by what she
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had taught them.

Another teacher said that the majority of her students
had finished the test in less than 25 minutes.

A teascher wrote that he did "....not believe there was
any part of the examination that was too dlfficult for high
school blology students". He further stated that after
exsmining it, he believes ",...1t 18 a good test" and that
it "....covers the areas adequately",

Another teacher wrote that: "The boys and girls had no
difficulty in completing the 100 questions in the time
allowed."”

Another teacher wrote that his pupils thought the test
was difficult, but that it seemed adequate to him.
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CHARLESTOWN HIGH SCHOCL
MONUMEMT SQUARE

CHARLESTOWN 29, MASS.
202

Dear Teacher:

It is generslly recognized by biology teachera that there
is not enough time to sufficliently cover all of the units suggested
in courses of study and in textbooks. If the amount of material to
be covered can be reduced to include only the most important areas,
one of the many problems in the teaching of blology will be resolved.

As partial fuifillment of the requirements for a doctorate
degree at Boston University, I am conducting a study in order to
discover the most important and alsoc the least important areas of
blology as determined by sn opinion survey of biology teachers
throughout the country. I also plan to construct a test to measure
achievement in the most important areas of blology. Any help that
you are willing to give will be deeply appreciated. On the enclosed
postcard, will you please state:

l. The area of biology that you consider most important.
2¢ The aree of biology that you consider least important.

3. Whether or not you would be interested in having the
results of this study mailed to you.

L. Your name and address.

5+ Whether or not you would be willing to be of further
assistance in this study. This would require:

8. Choosing the three most lmportant sreas and
the three least iwmportant aress in regard to
the present educational needs of pupils from
a list of about twenty areas., I shsll aupply
the list of these areas,

b. Picking the three best and the three worst
items in a test of the four most important
areas of blology.

I thank you agsain for any help that you might give.

Sincerely yours,
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'

The area of most importance:

The area of least importance:

Would you be interested in the results of the study?
s eSS s

Would you be willing to do further work on this study?
b6 No oy



CHARLESTOWN HIGH SCHOOL
Monument Square

Charlestown 29, Mass.
204

Dear Teacher:

During the early part of March 195k, I wrote to you and asked for
your assistance in the conducting of an opinion survey of biology teachers in
order to determine the most important arees of Biology. I want to thank you
for the help that you have given so far, and I especislly want to express my
gratitude to you for indicating that you would be willing to do further work
on this study. I have tabulated the replies which I received, and a list of
the twenty-four most named areas is given below,

I. Will you please choose the three areas that you consider the
most important of these twenty-four areas and place the letters, which are be-
fore these areas, in the spaces deslgnated for them on the enclosed postcard.

II, Will you please then choose the three areas that you ccnsider
the least important of these twenty-four areas and place the letters, which
are before these areas, in the spaces designated for them on the enclosed post-
card.

Note: The List Is In Alphabetical Order
A, Anatomy of p. plants and enimals without emphasis on man
B. Biological principles
C, Conservation of natural resources
D. Conservation without emphasis on natursl resources
E. Disease
F, Ecologic relations to man
G. Ecology without emphasis on man
H. ZEconomic significance of Biology
I. Embryology
K. Entomology
L. ZEssential life processes
M. Evolution
N. Toods and nutrition
P. Genetics of plants and animals without emphasis on man
Q. Genetics of the human
R. Health and hygiene
S. Human anatomy
T. Human physiology
U. Human reproduction
V. Kinds of living things
W. Nature study
X
Y
Z

+ Physiology of plants and animals without emphasis on man
« Protoplasm and the cell
« Reproduction of plants and animals without emphasis on man

I thank you again for the great assistance which you are giving
to this endeavor.
Sincerely ours,

ok @ Tkl
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Most important areas:! scsesesessesssccsccnse

Least Important oreasiccesevesscccsscsscsnns

Yollr name LI R I I I T I I IR I S
Address JOC 23 & &8 4IRS AT
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Charlestown High School 206
Monument Square
Charlestown 29, Masgachusetts

Dear Teacher,

In reply to a questionnaire, which was sent to you in March of 1956,
you chose "Biological Principles” as one of the three most important areas
of biology, from a supplied list of twenty-four areas.

I have constructed & test in the area of "Biological Principles" and I
want to be sure that the items have face validity, that is, that they really
test for a knowledge of "Biological Principles”". Listed below are five sam-
ple test items and also a statement of the principle being tested. Would
you be so kind as to look these over and then f£ill out the enclosed postcard

and return it to me.

Principle: There are processes that go on within an organism, which are
essential to its continued existence.

Item: Which one of the following life processes is not essential to
the existence of the individusl? (e&) respiration; (b) reproduction;

{c¢) secretion; (d) absorption.

Principle: Oxygen combines with other elements producing heat and energy.
Item: When we exercise, we breathe faster becausen?a) we are tired;
() we need energy; (c) there is less oxygen in the air; (d) there is less
carbon dioxide in the air.

Principle: All organisms must be adjusted to the envirommental factors, in
order toc survive in the struggle for existence.

Item: The fact that the European corn borer is wideaspread in the United
States indicates that (a) it is a pest; (b) it camnot be controlled; (c) it
has adjusted to the enviromment; (&) it is not a harmful insect.

Principle: All life comes from previously existing life and reproduces its
own kind.

Item: Mosquitoes come into existence from (a) stagnant water; (b) eggs;
{c) decaying food; (d) all of these.

Principle: All living organisms have similar life functions.
Item: A man is most like an ape in his (a) size; (b) life processes;
(c) shape; (d) habits.

I wish to thank you for the great assistance which you have given. 1
assure you that it is deeply appreciated.

. Sincerely yours,
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In your opinion, do the items test for
knowledge of biological principles?

Yes No

Comments (if any)

Name
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CHARLESTOWN HIGH SCHOOL
MONUMENT SQUARE
CHARLESTOWN 29, MASS.

Dear Teacher:

During the past two years, I have twice asked for your
assistance in the conducting of an opinion survey of biology
teachers in order to determine the most important areas of biology.

All of the replies have been tabulated and the four most
named areas are:

2) Essential Life Processes

b) Biological Principles

¢) Conservation of Natural Resources
4) Human Physiology

I have constructed a test in these four areas of biology.
As a final part of my study, this test must be given to 50 biology
classes, If 30 copies of this test were sent to you some time in
May, could you find the time to give it to one of your blology
classes. The test will require about 35 minutes to administer and
all correcting will be done by me. The purpose of the test is to
give an indication on a country-wide basis of the knowledge of
students in these four areas of biology.

You have alreaedy been overly generous with your time
and effort and it is with great hesitation that I ask you to help
me this third and final time.

Sincerely yours,

P,8. I have enclosed a self-addressed poatcard on vwhich you may
send your reply.



Will you be able to give the tests in May?
Yes No

Name

Address

209
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CHARLESTOWN HIGH SCHOOL

Monument Squere
Charlestown 29, Mass.

Dear Tescher:

Bnclosed 1g the set of 30 tests, which you
so kindly agreed to give to one of your classes., The
test consists of 100 items, which c¢an be broken down
in the followlng way:

#1 = #25.000seavsseeBiological Principles
#26 - #50............E3sentinl Life Processes
#51 - #75.. 0 eeeseeeeJluman Physiology
#76 -#100eeieevses..oConservation

To prevent a pupll from spending too much
time on any one group of questions, will you please
allow 9 minutes for each group of 25 questions. If
a pupil finishes one group of questlions before 9 min-
utes have slapsed, he should be allowed to continue
on with the next group.

It would certainly prove most valuable to
this study i1f you could supply the I, Q. and/or
results of any standard blology tests for each of your
students, taking this test. This could be written in
over the headinz on the front paze of the test,

Also, 1f you feel that any of the items on
the test are not teachable (i.e. the difficulty level
of the material is too high for high school pupils)
would you please indicate this on s plece of paper
and enclose it with the tests, when you return them.
Any other eomments or criticisms of the test would
also be most welcome.

Be asgssured that your very great effort 1s
most deeply appreclated.

Sincerely,

’-"}M Ll K%&,

Tohn A. Tyrell



TYRELL BIOLOGY TEST

{Copyright, 1956) 211
Name Sex Age Grade
School Course: College
Hon-Coliege

Directions:

In each of the following items, choose the word or phrase which best
completes the sentence or which best answers the question., Place the letter,
which is before the word or phrase, on the line provided at the right of each
item, Work as quickly and as accurately as you carn,

1. The strongest indication that evolution has occurred is (a) fossil
records; (b) uplifting of mountains; (c¢) sinking of land; (4) geo-
graphie isolation. 1.

2. When identical twins do not do equally well in school, it is pro-
bably because (&) they were born with different capacities;
(b) there is a difference in the size of their brains; (c) there
is a difference in the size of their bodies; (4) there is some-
what of a difference in theilr environment. 2.

3« For their food supply, all living things are dependent upon
{a) nucleoplasm; (b} chlorophyll; (¢) chromatin; (d) cytoplasm 3.

4, The fact that new kinds of living things have come into existence
is best explained by (a) the mutation theory; (b) the theory of
acquired traits; (c) the theory of overproduction; (@) creation., U4.

5. Heredity determiners are (&) genes; (b) nuclei; {c) nucleoli;
(a) centrosomes. 5.

6. When we exercise, we breathe faster because (a) we are tired;
(b) we need energy; (c) there is less oxygen in the air; {d)
there is less carbon dicxide in the air. 6.

7+ The term evolution means that (a) iife came from non-life;
(b) we have uncovered fossils; (c) living things are constantly
changing; (d) men descended from the ape. Te

8. The ultimete source of the energy of all living things is
(a) food; (b) the sun; (c) the soil; (d) green plants. 8.

9. The basic unit of plant and animal structure is the
(a) tissue; (b) cell; (c¢) emes; {d) nucleus. 9,

10. A knowledge of chemistry is important in the study of biology,
because (&) living things are mede up of chemicals; (b) living
things are dependent upon chemicals; (c) life processes involve
chemical change; (&) a biologist should have a kncwledge of
the other scilences. 10.

11. The basic substance of all life is (a) the nucleus; (b) the
nucleolus; (c) the cell; (d) protoplasm. 11,



12.

13

14,

15,

16,

17,

18.

19-

20.

21,

22,

23.

24,

In plant and animsl life, whenever the structure of an organism
becomes more compleX, then there is slways an increase in

{a) the size of the organism; (b) the needs of the organism;
{c) the division of labor within the organism; (d) the number
of offspring produced by the organism. 12.

The crow, the English sparrow, and the starling occur over a

a very wide areca bvecause (&) they produce great numbers of off-

spring; (b) they are able to vary their diets and living condi-

tions; (c) they require very little food; (d) they are protected

2iz

by law. 13.

The fact that the European corn borer is widespread in the

United States indicates that (a) it is a pest; (b) it has

adjusted to the environment; (c) it cunnot be controlled;

(@) it is not s harmful insect, 1h,

In the human, there is a building up of protoplasm {a) only when

the person is young; (b) only when the person is eating; (c) only
when the person is sleeping; (d) during the entirs lite of the
person. 15,

Mosquitoes come into existence from (a) stagnant water; (b) eggs;
(¢) decaying food; {d) all of these. 16.

If all green plants were to suddenly die, the gas that would
soon disappear is {a) oxygen; {b) carbon monoxide; (c) car-
ton dioxide; (d) nitrogen. 17.

Certain bacteria can resist adverse conditions by {a) growing
in colonies; (b) producing carbon dioxide; (¢) protective
coloration; (d) forming spores. 18,

A man is most likely an ape in his (a) size; (b) life pro-
cesses; (c) shape; (&) habits. 19.

Protein fuod is esscutial because {a) it contuins nitrogen,

which is found in protuplasm; {b) it is a good energy food;

%cg it contains oxygen, which 1s essential to protoplasm;

d) it is found in all meat. 20,

The fact that dinosaurs are now extinet indicates that (a)
they were too big; (b) they were not suited to survive the
changing conditicns of the earth; (c) there was not cnough
food; (d) they fought with each otler. 21,

The clam has a hard shell, in order that it may (a) burrow
in the mud; (b) be protected against enemies; {c) get food;
(d) not be affected by cold water. 22,

Which one of the following factors would be least apt to
explain the geographic distribution of plante and animals?
(a) neat; (b) light; (c) nitrogen; (4) pressure. 23,

If & speecies of animal life were to suddenly lose the ability

to reproduce, as a direcet result (a) the animals would all

die; {b) the species would become extinct; (c) both of these

things would happen; (d) neither of these things wculd happen. 2k,
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27

28.

29.

30'

31.

32.

33.

3.

35.

36.

37.

An aquarium having both plants and animals is a good example of
a) balance in the world of life; (b) pond life; (c) marine life;
d) how to care for living things. 25,

For the food meking process green plants do not need (a) carbon
dioxide; (b) oxygen; (c) water; (d) light. 26,

A 1ife process most likely to be associated with the lungs and
skin is (a) digestion; (b) absorption; (c) excretion; (d) secretion.27.

Fission is a type of (a) excretion; (b) absorption; (c¢) assim-
tlation; {d) reprcduction. 28.
When & male cell unites with a femsla cell to produce the young;

the reproduction is termed (a) parthenogenesis; (b) #exual;

(c) asexual; (&) dicecious. 29.

Ingestion is & process which cccurs (a) in all plants and no
animals; (b) in all animals and no plants; (c¢) in all plauts
and some animuls; (d) in ull animels and some plants. 30,

Which of the follcwing life processes 1s not essential to the
existence of the individual (a) respiration; (b) reproduction;
(¢) secretion; (d) absorption. 31,

The process by which heat and energy are released in living
things is (a) assimilation; (b) secretion; (c) respiration;
(a) digestion. 32,

Growth 1s a characteristic of all living things. However a

snowball, rolling down the slde of a snow-covered hill, grows.

The snowball is not alive because (a) it grows from withing

(b) it grows by addition to the outside; %c) it will melt in

the sun; (d) it is not able to move from place to place, 33.

The process by which insoluble mutrients are changed to soluble
substances is known as (a) assimilation; (b) growth; (c) oxi~
dation; (a) dlgestion. 34,

A characteristic of animsls, but not of most plants is
(a) respiration; (b) reproduction; (¢) motion; (d) locomotion. 35,

Living things, chiefly animals, produce special substances to
carry on their activities, These substances are called
{e) gases; (b) secretions; (¢) carbohydrates; (d) excretions. 36.

The animals in a balanced aquarium receive, from the plants,
both food and (a) energy; (b) oxygen; (c) carbon dioxide;
(&) nitrogen. 37,

Respiration in plants and animais (a) is identical; (b) is
opposite; (c¢) releases OXYEen; (d) is & building up process. 38.
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An important use of roots is (a) absorption; (b) assimilation;
{c) food-making; (d) transpiration.

The turning of leaves toword the light is called (a) geotropism;
(b) response; (c¢) phstutropism; (d) irritability.

The building up and breaking down of protoplasm is known as
() respiration; (b) growth; (c) metabolism; (d) transpiration.

Tropisms are most like (a) woluntery acts; (b) reflexes; {c) con-
diticned reflexes; (d) habits.

A 1life process which is not usgually performed by animal cells is
(a) growth; (b) excretion; (e¢) assimilation; (d) photosynthesis.

Habits and conditioned reflexes are alike in that both (a) are
learned respouses; (b) are inherited; (c) appear only in dogs;
(d) appear ouly in man,

Absorption of a substance through a membrane is termed {a) dif-
fusion; (b) osmosis; {c) catabolism; {d) erosion.

Wien eggs develop normally without being fertilized by sperma-
tozoa, the process is known as (a) gametogenesis; (b) meta-
morphosis; (e¢) incubstion; {d) parthenogenesis.

Oxygen enters the leaf of a plant through the (a) stomates;
(b) lenticels; (c) xylem; (&S veins.

Transfer of pollen from anther to stigma of a flower is called
(a) pollination; (b) maturation; (c¢) fertilization; (4) germin-
ation,

Nitrogenous wastes are excreted mailnly by means of the (a) lungs;
(b) stomack; (e} xidneys; (&) liver.

Seedless oranges are propagated by () hybridization; (b) graft-
ing; (c¢) bydroponics; (d) {ission.

The part of the humen body jiu which bile is stored is the
(a) liver; (b) ducdenum; (c¢) pancreas; (d) gall bladder.

The word "joint" is most closely associated with (u) bones;
(b) muscles; (c) nerves; (d) skin.

The digestion of food ocecurs mestly in the (a) mouth;
(b) stomach; (c) smell intestine; (d) large intestine.

Assuming that the instruwnent works properly in each ense,
we would be least apt to hear a beil, which was placed in
(a) water; (b) olil; (c) a vacuum; (d) sawdust.

A secretion that digests both proteins and cartohydrates is
(a) saliva; (b) pancreatic juice; (c) bile; (d) pepsin.

by,

e

Lo,

L3,

bh,

ks,

Lo,

L.

g e e ek

————————

)

—————

48,

l|'9o

50,

51.

52.

23.

Sk

25+

e —

e ——

P

e )

et s



56,

o7

58.

59.

60.

61.

62,

63.

65.

66.

67,

69.

70 .

T1.

72-

Before food can be used to nourish protoplasm, it must be
acted upon by {a) mastication; (b} saliva; (c) enzymes;
(@) hydrochloric acid.

The red pigment which gives blood its color is (a) hematin;
{b) fibrinogen; (c¢) lymuph; (d) globulin.

The pancreas secretes a hormone known as (a) prolacting
(b) thyroxine; (c) adrenalin; (d) insulin.

The backward flow of blood in the veins 1s prevented by
(a) the heartbeat; (b) muscles; (c) lymphatics; (d) valves.

When blood passes through the kidneys, it loses (a) carbon
dioxide; (bﬁarea blood cells; (c¢) white blood cells; (d) urea.

The threads that are part of a blood clot are made of
(a) globulin; (b) fivrin; (c) lymph; (d) platelets.

Fainting is often caused by defective (a) respiration;
(b} digestion; {c) metubolism; {d) circulatioun.

The muscular wall that aids us in breathing is the (a) broncus;
(b) epiglottis; (c) larynx; (d) diaphragnm.

Eskimos eat a large quantity of fatty foods because these foods
(a) are cheaper; %b) produce more calories; {(c) are easy to
obtain; (d) require little preparation.

Exercise increases the rate of breathing because it causes in
the blood, an increase of {a) oxygen; (b) nitrogen; (c) car-
bon dioxide; {d) hydrogeu.

The human embryo, before it is born, obtains its food and
oxygen through the (a) wucleus; (b} ovaries; (c) placenta;
(a) yoik.

Compared to an equal volume of inhaled gas, a volume of exhaled
gas contains less (a) oxygen; (b) nitrogen; (c) carbon
dioxide; {(d) hydrogen.

Blood platelets contain a substance which is necessary for
(ag blood clotting; (b) respiration; (e) metabolism;
(d) ingestiou.

The contraction of the pupil of the human eye, when exposed to
strong light, is an example of (a) phototropism; (b) plexus;
(c¢) reflex; (d) synapse.

Poisons from disease producing bacteria are counteracted by
(a) antitoxins; (b) fibrinogen; {¢) germicidas; (d) white
blood cells.

The part of the brain which is used for thinking is the
(a) cerebrum; (b) cerebelium; (c¢) pineal body;l%d) medulla,

The cause of night blindness is (a} eyestrain; (b) a virus;
(c¢) a bacterium; (d) a vitamin deficiency.
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Obeying traffic lights for most people is (2) a reflex;
(b) a tropism; {c) an instinct; (4) a habit, 73.
In normal vision, the part of the eye, on which light focuses,
is the (&) cornea; (b) lemns; (c) retina; (&) vitreous humor. The
Abnormal height 1ln a young person is usually due to improper
functioning of the (&) adrenal gland; (b) pancreas; {(c) pitui-
tary gland; (d) thymus glend, T5.
Chemical substances used to destroy insects are called (a) emul-
sions; (b) insecticides; (&) powders; (4) germicides. 76

Organic matter may be returned to the soil by the use of
(&) crop residues; (b) green-manure crups; (c) manure from
animwals; (d) all of these. 1.

The purpose of contour plowing is to {a) discourage insects;
(b) beautify the farwm; (c) save the topsoil; (d) control weeds. 78.

In 1906, the federal government protected the deer in Kaibab
Naticnal Forest against any type of killing. At first the

mumber of deer inereased, tut then gradualily decreased. This
decrease was because (a) hunters ignored the law; (b) the food
supply wee becuming exhsusted; (c) the deer cculd not be pro-

tected against wild animals; (d) the deer fought with each other.79.

An animal that was cnce threatened with extinction in this
ccuntry, put is now increasing in rumber is the (a} biscn;
(v) squirrel; (e} coyote; {d) passenger pigecn. &0,

An insect which is considered valuable is the {a) cutworw;
{b) termite; (c) ladybird beetle; (d) locust. 61,

The greatest destruction in forests is caused by {a) lichens;
(v) insects; {(c) beavers; (d) fires, 82.

Fish hatcheries are places where fish are (a) prepared to be

used as food; (b) cared for during the winter; (c% artificially
propogated; (d) studied in their natural environment. €3.
One species of tree which has been almost entirely destroyed

by & parasitic blight is the (a) bireh; (b) ocak; (e) chestnut;

{d) ash. 8L,
The organic matter in soil is ealled (a) humus; (b) silt;

(¢) loam; (4) clay. 85.
Soil erosion is not likely to be caused by (a) high mountains;

(v) weeds; (c)} desert region; (d) heavy rains, 86,
The type of soil which is best able to hold water is a (a) sandy

s01l; (b} clay soil; (c) mixture of sund and clay; (d) loamy

s0il. 87.
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The drainage of swamps tends to (a) increase wildlife;
(b) prevent floods; (¢} destroy the balence in the water

eycle; (d) prevent dust storus. 88.

The Tennessee Valley Authority is directly concerned with
{a) flocd control; (b) comtrol of scil erosiovn; (c) refores-
taticn; (U4} all of these. 89,

Soil conservation is not aided by Sa} sddition of soil nutri-
ents; (b) formation of gullies; (¢} crop rotetion; (4) con-
tour plowing. 90.

Many wild flowers are protected by law and must not be picked.
This is because these flowers (a) are poisonous; (b) cause
allergies; (¢) are becoming extinet; (d) furnish food and

shelter to birds. 91.

Ir the spring, a farmer burned the grass arcund his farm to

get rid of the weeds. That summer, his farm was deluged with
insects. This probably (a) was because the insects were better
able to find food; (b) was because the insects were brought to
the surface by the fire; (¢) was because the fire destroyed the

nest of birds; (d} had no connection with the fire, 92.

A bird which is considered & pest is the (a) barn owl; (b) sea-

gull; (c) English sparrow; {d) quail. 93.

The balance of nature has been most often upset by {&) wind;
(b) floods; {c) insects; (d) men. ol

Floods and soil erosion are most apt to result frow (a) crop

—————

rotation; (b) strip cropping; {c¢) deforestuticn; (d) terracing.95.

Japanese beetles are more of a pest in this country than in
Japan, because in this country (a) food is more plentiful;

(b) there are fewer natursl enemies; {c) the climate is more
suitable; (d) the government has not tried tou eradicate them, 96,

In 1886, Pennsylvauia paid people who killed hawks and tarn
owls. The loss in fruit and grain crops which resulted was pro-
bably due to (a) a lack of poliination; (b) an increase in

field mice; (c) weather conditions; (d) all of these factors. 97.

If you were to give a talk on the conservation of lumber,

which of the following recommendations should you not make?

(a) use small pieces of lumber whenever they arc sultable;

{b) use the best available lumber for the purpcse; (c) coat
Jumber that is to be placed in the ground with a suitable

paint or chemical; (d) never use plywood as a substitute for
other types of lurber. g8,

Compost, is used (2) to improve soil fertility; (b) to destroy
bacteria; (c) to prevent scil ercsion; {(d) as an zid to crop
rotation. 99,

In crop rotation, which of the following is usually included?
(a) legumes; (b) cotton; (c) corn; (d) cats. 100,
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CHARLESTOWN HIGH SCHOOL
MONUMENT SQUARE

Charlestown 29, Mass,

Denr Teacher,

I would 1like to thank you for your gencrous co-opera=-
tion In egreeing to give a blolosy test to one of your
clesses, Letters were sent to 100 teachers, asking for
their assistrornce in this reocnwrd, The response was over-
whelming and becauss of thia, it was nossible to obtain an
excellent geoaranhical distribution,

It was on this basis that your name wes removed from
the list of those to give the test, 3Since you are =n
educator, you readily understend the Importsance of geo-
eraphical distribution in a study of this n-turec.

However, I am enclosing 2 cépv of the test snd would
be most erateful for any comments thet vou would care to
make.

The test consists of 100 items, which c¢an ke hroken
down in the followingz way:

D e L Riolorienl Princinles
e e ~~=---Essentlnal Life Processes
#51 #T7ommmmmm o e Human Physiologvy

T Ne e D Consarvation

Be assured that the work thret —on hnave done in behalf
of this study 1s most deenly svnrecinted.

Sincerely,

é} ¥f41, ;f§7j:+4i£12

’

John A, Tyrell ™



BOSTON PUBLIC SCHOOLS
CHARLESTOWN HIGH SCHOOL

MONUMENT SQUARE

~QUIS R. WELCH
HEAD MASTER

September 27, 1956

Dear Sir:

I am in the process of msking a survey of high school biology
textbooks and would be wost grateful for your assistance.

Would you send ne a list of any high school biclogy textbooks
which you have published since and including 19%0.

Also, for each book, could you give me the approxiwate cover-
age (by number of pages) for each of the four followlng topics?

1. Essential life processes.

2. Biological principles.

3. Counservation of naturali rescurces.
k., Human physiology.

If it is impossible to fulfill this latter reguest, would it
be possible to send an examuination copy of the book or tooks.

Also, if possible, could you give me the approximate nunber
of schools in which your text is being used.

Be agsured that your help in this rather arducus undertaking
is most deeply appreciated,

Sincerely yours,

\é%ﬂ}i{,ﬂ;;/ ’i{.'ﬁ;;:%:ﬁf{:‘éf<zv

JAT:CH 'oln A. Tyrell 'd

b

CHARLESTOWN 29, MASSACHUSETTS 9
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