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CHAPTER I 

INTRODUCTION 

The Problem 

The problem which was investigated in this study 

was the determination of instructional objectives which 

have been most frequently stated for secondary level life 

science courses, and the evaluation of the levels of their 

achievement. 

Purposes of the Study 

The purposes of the study were to determine: 

1. what objectives were most frequently stated 

for life science courses at the secondary level, 

2. a level of achievement for each of the objec

tives which was selected for study, 

3. whether there were any differences in achieve

ment between schools of differing sizes, 

4. whether there were any differences in achieve

ment between the grade levels tested, and 

5. whether there were any differences in achieve

ment among schools from different regions. 

The Hypotheses 

Four hypotheses were tested. 



1. There were no significant differences in the 

levels of achievement between the grade levels tested. 

2. There were no significant differences in the 

levels of achievement for each objective tested. 

3. There were no significant differences in the 

levels of achievement between schools of various sizes. 

4. There were no significant differences in the 

levels of achievement between various regions. 

Definitions and Delimitations 

The Population 

The population which was studied consisted of those 

students who were enrolled in the eighth, tenth, and twelfth 

grades in public secondary schools in the state of Texas. 

Because of the size of this population a stratified sample 

was used for the study. 

Objectives 

The objectives used in the study were statements 

of general aims or goals for a course in life science which 

were classified into related categories. These statements 

were selected from books which were published as resource 

materials for teachers of life science, from articles found 

in professional periodicals, from doctoral studies which 

investigated various aspects of secondary level life science 

courses, and from curriculum guides which were currently in 



use in secondary schools. 

Achievement 

Achievement was represented by scores obtained from 

the achievement test. Each section of the test was scored 

separately by counting the number of correct responses for 

each student, and a total score was obtained by finding the 

sum of the scores for each of the four sections. Mean 

scores for each section of the test were found for the vari

ous groups of students which were studied, and these mean 

scores were used to represent the level of achievement for 

the group involved. The groups were produced by combining 

the scores by grade levels, or by areas, so that compari

sons could be made between appropriate groups. The scores 

were converted to percentages for the purpose of comparing 

levels of achievement for the various objectives. 

Scope of the Study 

The study was limited to an investigation of the 

achievement of objectives which were selected from the list 

of objectives compiled from the publications of life science 

educators, professional articles, and curriculum guides. 

The study did not attempt to deal with objectives which 

were stated for other areas of science, nor did it extend 

to the elementary level where units of life science were 

taught. Objectives for health classes were omitted from 

the study. As was already indicated, the investigation was 



limited to a sample of students from public secondary schools 

in Texas. 

Review of the Literature 

Starr (33) investigated a technique which he de

scribed as an "Invitation to Enquiry" and made an assess

ment of its effect on critical thinking, knowledge of the 

process of science, and attitudes toward biology. His in

vestigation involved 132 ninth grade students who were en

rolled in BSCS biology at three junior high schools in 

Missouri. He concluded that the "Invitations to Enquiry" 

improved the critical thinking ability of the students but 

did not hinder or improve the attitudes of the students 

toward biology. 

The relationship between instructional objectives 

and evaluation was pointed out by Richardson (31), who 

stated that evaluation involved studying and assessing 

achievement and growth in relation to the potential of stu

dents and the objectives of the study. Consalvo (8) listed 

four purposes of evaluation in education. The first of 

these purposes was the determination of the degree of stu

dent growth, which he described as the extent to which a 

student has achieved his instructional objectives. The 

second purpose stated by Consalvo was to provide feedback 

data to the student so that the student could recognize his 

progress toward the achievement of the course objectives. 



A third purpose of evaluation was the determination of the 

effectiveness of the teacher in helping students achieve 

the objectives. The fourth purpose of evaluation given by 

Consalvo was the determination of the success of the educa

tional program in achieving the desired objectives. He 

then added, "It will be noticed that in all cases evaluation 

is in terms of the objectives." 

In an article dealing with evaluation in high school 

biology, Fakier (11) stated that a close relationship 

existed between evaluation and course objectives, and that 

course objectives should be one of the bases underlying 

evaluation. Geisert (14) wrote, "Without objectives a 

course has no direction, no goal, and no way of measuring 

the student's performance." 

The identities of instructional objectives were the 

subject of another group of writers. Norman Dessel (10) 

suggested a list of 45 principles and generalizations which 

he judged to be essential to a course in biology. His list 

was compiled from his research of professional literature 

in the field of science education, and the principles and 

generalizations thus obtained were submitted to four biolo

gists for refinement and possible additions. A list of 69 

statements was thus produced. This list of statements was 

sent to a panel of experts in the field of biology who were 

asked to rate each statement as essential for a first course 

in biology, as appropriate but not essential, or not 



appropriate. A jury of past high school students was also 

asked to perform a similar rating of the 69 statements. 

Statements which were rated as essential by more than fifty 

percent of any of the juries were taken as being essential. 

He then attempted to measure the achievement of these ob

jectives in a high school in Iowa. 

Howard (20) made a study of the literature from 

three time periods to determine shifts that had taken place 

in the kinds of objectives that were used in biology courses 

He chose the periods 1875-1885; 1915-1925; and 1950-1955. 

He found that objectives of the factual information type 

showed a decrease in emphasis while objectives of the func

tional information type showed an increase in emphasis. Ob

jectives of the appreciations type were not listed in the 

first period, and received more emphasis in the third than 

in the second period. Objectives of the religious implica

tions and mental discipline types were found in the first 

period only. 

Washton (36) made a study of the significant prin

ciples of biology which he felt should be included in a 

student's general education. He used these principles to 

develop a syllabus which was intended to suggest activities 

which would aid college students in understanding the prin

ciples of biology that would meet the aims of general educa

tion. In a later work (37) he reported a list of objectives 

which had been ranked in order of importance to students. 



This list of objectives had been prepared by Burmester and 

Noll (4) at the college level. Washton (37) pointed out 

that their technique of submitting a rating sheet of objec

tives to both students and teachers would be useful to high 

school biology teachers. 

McKibben (23) prepared a list of 100 principles of 

biological science which were of great importance for gen

eral education in high school biology courses. Her list 

was prepared by submitting a list of 300 principles of 

biological science to a jury of specialists in science teach

ing and to a jury of classroom teachers. The 100 principles 

which received the highest evaluations by the combined juries 

were used to prepare her list. 

Lee (22) published a list of objectives which were 

developed by the Biological Sciences Curriculum Study. The 

objectives were designed as a basis for developing an ob

jective test to measure the impact of the BSCS program on 

students. He stated two broad categories under which more 

precise objectives were stated. Twenty-eight objectives 

were associated with a student's understanding various pro

cesses in biological research and nine objectives were re

lated to the student's development of an understanding and 

appreciation of the scientific enterprise. 

Hoodworth (19) criticized biology textbooks because 

they failed to make mention of individual workers who studied 

individual organisms before a mass of detail could be 
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integrated into a principle. He further criticized biology 

textbooks for giving no account of the process of seeking 

the answer to one question after another until answers be

come adequately defined and rendered free of personal preju

dice. He further criticized the textbooks because nothing 

was recorded of the human individuals who accomplished the 

work. Following these criticisms, Hoodworth suggested sev

eral objectives for biology courses which he felt would 

correct the inadequacies he had criticized. 

Miller and Blydes (27) in a textbook dealing with 

methods and materials for teaching biology, devoted a chap

ter to the objectives which should be included in a biology 

course. They recognized four categories of objectives 

which provided for (a) the acquisition of information, 

(b) experience with the scientific method of thinking, 

(c) opportunities to engage in induction and (d) the ap

plication of principles and attitudes. 

Preble and Woodland (30) suggested four objectives 

for the study of biology. They suggested that the recogni

tion of representative forms in the various divisions of 

the plant and animal kingdoms should be one of the objec

tives of a biology course. A second objective was the at

tainment of knowledge of the morphological, physiological, 

ecological and genetic principles as exemplified by the 

several phyla in the plant and animal kingdom. The compre

hension of the application of biological principles to 



problems rising from a number of fields was suggested as 

their third objective. The fourth objective suggested by 

this source was the development of a pattern of skills char

acteristic of the scientific method of thought. 

McKibben (24) gave a list of 14 objectives for gen

eral biology which were studied for the purpose of determin

ing their frequency of mention in two time periods. She 

found that objectives which she categorized as "intellec

tual" declined in frequency of mention while "practical" 

objectives were mentioned more frequently. 

Hauber (16) identified some cultural objectives 

which were included in biology courses. Included among 

these objectives were seeing God in nature, learning to work 

hard, and recognizing mental work as a source of satisfac

tion. 

Hill (18) attempted to make a determination of ob

jectives which were appropriate to the needs and interests 

of non-academic students. He found that the areas con

sidered most important to non-academic students by respond

ing teachers were related to the human body, reproduction 

and heredity, and health. 

The form in which objectives should be stated was 

a topic of interest for another group of writers. Consalvo 

(8) and Geisert (14) attempted to show that behavioral ob

jectives represent an improvement over the traditional state

ments of instructional objectives. Cleaver (7) advocated 
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the use of inquiry objectives as a means of improving in

struction in the life sciences. 

A change of emphasis in the objectives of science 

teaching was noted by a group of recent writers. Butzow 

and Linz (6) developed a model for determining the objec

tives of science education in an effort to prevent the 

"band wagon" effect and to provide a more stable basis for 

determining the objectives of science education. They sug-

gested that the objectives should be derived from the needs 

of the community and the individuals in it. Basic philosophy 

should then determine educational objectives which would in 

turn dictate what subjects should be taught. The content 

of the subject areas would then produce the lesson objec

tives . 

Fowler (12) saw a trend away from the emphasis 

which was given to scientific method and research types of 

science courses which developed during the decade following 

the launching of Sputnik I. He stated that the goals of 

science education were undergoing change and that "there 

will be a trend toward human centered science." 

Hurd (21) indicated the need for science and tech

nology to be directed toward meeting national goals and 

called for science education to be structured to meet the 

needs of students who will not become scientists. He indi

cated a need for a change of emphasis in science education 

from the research, scientific method oriented approach to 
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a kind of science teaching which emphasizes values. 

Cox (9) suggested four goals for departments of 

biology. The first of his goals was related to the mastery 

of biological information and the second goal was the de

velopment in the student of the ability to learn indepen

dently so that he could constantly up-date his knowledge. 

The third goal was the development of a student's ability 

to interpret and use biological information through first 

hand experiences with the processes of biology, and the 

fourth goal called for excellence in programs designed for 

professional biologists as well as programs for nonbiolo-

gists. 

The importance of measuring progress toward the 

achievement of the objectives for science courses was pointed 

out by Richardson (31) who said that there has been too 

little evaluation of the objective of teaching for the method 

of science. Merrill (26) stated that it was important that 

attention be given to measurable outcomes of what is done 

with students and went on to say that teachers must work 

to define and measure growth toward the higher cognitive 

and affective objectives which have received lip service 

in the past. He further pointed out that as a result of 

recent legislation in California, school districts must es

tablish standards of expected student progress in major sib-

ject areas, including science and that teacher performance 

would be assessed in relation to pupil progress toward these 



12 

standards. He also stated that if teachers were clear and 

in agreement about objectives, they might be in a position 

to show that some objectives were attainable only with im

proved conditions for teaching. 

Need for the Study 

The survey of the literature revealed the following 

points: 

1. There was a relationship between objectives and 

the evaluation of achievement, 

2. More effective ways of stating objectives were 

being sought, 

3. The relative importance of objectives was in

vestigated, 

4. A changing emphasis was observed in the state

ments of objectives, 

5. A need for measuring the achievement of objec

tives was stated, and 

6. Only one study, a doctoral dissertation by 

Dessel (]D) was found which attempted to study the achieve

ment of objectives in secondary level life science, and it 

was limited to a single high school in Iowa. 

This study made an attempt to identify the most 

frequently stated instructional objectives, and to measure 

the achievement of these objectives. The literature cited 

pointed out the need for such an undertaking. A further 
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indication of the need for this study was seen in that only 

one other study was located which attempted an evaluation 

of achievement in life science. 



CHAPTER II 

THE OBJECTIVES OF INSTRUCTION 

IN LIFE SCIENCE 

One of the purposes of this study was the identifi

cation of the objectives most frequently stated as objec

tives in life science courses in secondary schools. Cur

riculum guides, books published as resource materials for 

teachers of life science, articles from professional peri

odicals, and doctoral dissertations were consulted as 

sources for these objectives. These sources provided 290 

statements of course objectives which were then grouped into 

broad related areas. Eight of these broad areas were es

tablished based on this classification. Statements related 

to the use of scientific method made up the group having 

the greatest number of statements. This group of objectives 

contained 103 statements taken from each of the 19 sources. 

The second largest group of statements was related to knowl

edge. These 81 statements were given by 17 of the sources. 

There were 24 statements related to ecology which were pro

vided by 12 of the sources, and 11 sources yielded 20 state

ments concerning the development of interest in the life 

sciences. It was noticed that when these objectives were 

ranked on the basis of the frequency with which they occurred, 

the rank was the same whether based on the number of state

ments given or on the number of sources from which the 

14 
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objective was obtained. These four categories of objec

tives were taken as the general objectives which were used 

in the study. Four other groups of objectives were also 

observed, but were not investigated. These objectives in

cluded 12 statements concerning the unity of science which 

came from 7 sources, 10 statements suggesting openminded-

ness as an objective found in 6 sources, 9 statements con

cerning the relationship between structure and function 

given by 5 sources, and 11 statements related to health 

given by 4 sources. A list of objectives as they were 

classified, was placed in Appendix I, and a list of the 

sources from which the objectives were taken was placed in 

Appendix II. Appendix II also indicated the number of 

statements allotted to each objective. 

Teachers who participated in the study were asked 

to indicate which of the four objectives chosen for this 

study were included in their course. A brief questionnaire 

was sent to each teacher and the teacher was asked to check 

the objectives which were included in his life science 

course. A copy of the questionnaire was included in Appen

dix V. Responses of teachers to the questionnaire revealed 

that, in contrast to the order suggested earlier, most of 

the teachers were more concerned with interest and knowl

edge than with scientific method or ecology. The results 

of the questionnaire have been summarized in Table 1. 
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TABLE 1 

OBJECTIVES INCLUDED IN COURSE 
BY LIFE SCIENCE TEACHERS 

Objective 

Scientific 
Method 

Ecology 

Interest 

Knowledge 

8th 

15% 

75% 

100% 

100% 

Percentage of Teachers Including 
the Objective by Grade Level 

10th 

78% 

89% 

100% 

89% 

12th 

82% 

64% 

90% 

100% 

All Teachers 

76% 

72% 

96% 

96% 

Each of the four groups of objectives chosen for 

study was then analyzed so that duplicate statements were 

grouped, broad, generalized statements were grouped, and 

more specific statements were then arranged so that they pro

duced a sequence of separate aspects of the general objective 

Scientific Method 

Scientific method was found to have several separate 

facets which were identified by the objectives. Several 

sources indicated that the student should learn to use the 

scientific method of solving problems, but many of the other 

sources were more specific, and indicated a number of steps 

which the student should employ in using the scientific 

method. From the study of these statements it appeared that 

the student would demonstrate the ability to use the scien

tific approach to problem solving by: 
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1. identifying and stating a problem in research-

able terms» 

2. making accurate observations and recording them, 

3. organizing, classifying, and analyzing data, 

4. formulating testable hypotheses, 

5. generalizing findings to new situations, 

6. identifying new problems suggested by his in

vestigation, 

7. communicating his findings through graphs and 

charts, and written and oral presentations, 

8. properly using laboratory apparatus, and 

9. employing creative and critical thinking in the 

analysis and generalizations of his data. 

Knowledge 

Three subgroups emerged from the statements of ob

jectives concerned with knowledge. These indicated that 

the student should be able to demonstrate a knowledge of 

life science by: 

1. producing factual information dealing with the 

history of biological science, 

2. identifying and using terminology from the 

study of the life sciences, and 

3. developing a body of information dealing with 

the various concepts in the life sciences. 
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Ecology 

The statements dealing with ecology indicated that 

the student should be able to recognize the relationships 

which exist between man and his environment and make deci

sions based upon a regard for this relationship. 

Interest 

Two aspects of interest related to life science were 

identified from studying this group of objectives. At one 

level the student should indicate an interest in life science 

by showing a preference for vocations related to biological 

fields. A second group of objectives indicated that the 

student should show interest in life science by engaging in 

leisure activities which are related to the various fields 

of life science. 



CHAPTER III 

THE ACHIEVEMENT TEST 

A test was sought which would measure the achieve

ment of the four objectives. Burros' Mental Measurements 

Yearbook (5) provided a comprehensive list of tests along 

with a description of each test, but only two of the tests 

listed by Buros appeared to be of any help in this study. 

The Waston-Glaser Critical Thinking Appraisal (38) was ex

amined but was found to be a general test of a student's 

ability to formulate inferences, recognize assumptions, make 

deductive judgments, interpret information, and evaluate 

arguments. The test was based on information from a number 

of fields, with only a few being related to the life sciences. 

The Psychological Corporation (3) provided a set of seven 

tests designed for a BSCS program. These tests were con

cerned with patterns and processes in life science and were 

oriented to the BSCS course in biology. 

Because a test which would measure the achievement 

of the objectives being studied was not found, it was 

necessary to construct an achievement test which would meet 

the needs of this study. An abundance of literature proved 

to be helpful in this task. Mosier, Myers, and Price (28) 

provided useful information for some of the preliminary 

work, suggesting that the area to be tested should be defined 

first and then organized into subdivisions. These subdivisions 

19 
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could become the basis for the construction of specific 

test items. 

Ahmann (1) pointed out ways of guarding against 

some possible weaknesses of objective test items such as 

measuring only factual knowledge, ambiguous items, and 

guessing. Suggestions for constructing test items to avoid 

these dangers were also found in other sources. Furst (13), 

Hedges (17), Travers (35), and Gronlund (15) each gave lists 

of suggestions which were useful in the construction of 

test items. They suggested that each test item should deal 

with only one problem and that the problem should be well 

defined. They recommended that most of each item be con

tained in the lead and that the various alternative responses 

be kept as short as possible. They also advised against 

the use of negative statements. 

Development of the Test 

A test with a section devoted to each of the four 

objectives was developed. An attempt was made to prepare a 

test which could be administered within a class period of 

45 to 50 minutes. 

The first section of the test was devoted to the 

objective concerning scientific method. This section con

sisted of 30 items which were concerned with the student's 

ability to deal with various aspects of scientific method. 

One portion of the items required the student to distinguish 
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between generalizations, problems, hypotheses, observations, 

and experimental controls. A second group of items required 

the student to choose between alternative conclusions which 

could be drawn. Other items required the student to analyze 

and interpret data. Some of the items called for the stu

dent to identify which statements in a series of statements 

represented the statement of a problem which was described 

in the stem of the item. The student was also expected to 

recognize which statement among various alternatives repre

sented the necessary experimental control, and in another 

case he was to select the statement which represented the 

appropriate generalization which could be made based on the 

information provided. 

The second section of the achievement test was de

voted to ecology. Twenty items were prepared for this sec

tion. One group of items was designed to evaluate the 

student's ability to recognize relationships which exist 

between man and various elements of the environment, and 

another group of items was designed to give the student an 

opportunity to make decisions with regard to the environ

ment. 

A third section of the test consisted of items de

signed to measure the student's interest in leisure activi

ties related to life science and his interest in pursuing 

a vocation in a field related to life science. This section 

of the test contained 20 items which were divided into two 
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groups. The first group of items provided the student an 

opportunity to indicate his preference among a series of 

occupations. Each item consisted of 5 alternatives, one 

of which was related to the life sciences. The second 

group of items gave the student the opportunity to choose 

among various leisure activities. Each of these items 

contained 5 alternatives, one of which was related to life 

science. 

The fourth section of the test was designed to mea

sure student achievement related to his knowledge of life 

science. This subtest contained 20 multiple choice items 

formulated to measure knowledge related to the history of 

biological science, the correct use of terms used in life 

science, and various biological concepts. A copy of the 

test was included in Appendix III. 

Administration of the Test 

Copies of the test along with answer sheets were 

mailed to participating schools with the following instruc

tions: 

1. Students should circle the number representing 

the appropriate grade level. 

2. Students should black in completely the space 

on the answer sheet which indicates the proper response for 

each item on the test. 

3. Marking with a number 2 pencil is recommended. 
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4. If a response is changed it should be erased 

completely. 

5. When the test has been completed, return the 

answer sheets in the envelope provided. 

Item Analysis 

Before the test was used with the sample population, 

it was administered to an eighth grade, a tenth grade, and 

a twelfth grade class in one school system. The answer 

sheets were scored by counting the number of correct re

sponses for each item and an item analysis was performed. 

The answer sheets were ranked on the basis of their scores 

and then they were divided into a high group, consisting 

of the 25% of the answer sheets with the highest scores, 

and a low group, consisting of the 25% of the answer sheets 

having the lowest scores. Using these two groups, the dif

ficulty of each item was computed by applying the following 

formula given by Aiken (2): 

2U 

The difficulty index was represented by p while U and L 
P p 

designated the numbers of students who answered the item 

correctly in the upper and lower group respectively. U was 

used to represent the number in the upper group. 

The ability of the various items to discriminate 

between students who knew the correct answer and those who 
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did not know the correct ansv/er was estimated by using the 

following formula which was also given by Aiken (2): 

n = "P - ̂ P 
U 

where D represented the discrimination value, U represented 

the number who answered correctly in the high group, Lp rep

resented the number who answered correctly in the low group, 

and U represented the number of students in the high group. 

The results of these calculations were recorded in 

Appendix IV. According to Nunnally (29), a discrimination 

value of .20 or above and a difficulty value falling be

tween .20 and .80 was acceptable. 

Reliability 

Reliability was evaluated by using the Kuder-

Richardson formula given by Smith and Adams (32): 

2 
_. ns - M(n - M) 

s^ (n - 1) 

In this formula n represented the number of items in the 

test, s was used for the variance, and M was the mean for 

the test. This formula was applied to each section of the 

test and to the test as a whole. On the first attempt to 

assess the reliability of the test. Section II was found to 

have a reliability of .71, and the reliability for Section 

IV was .725. The item analysis was used to identify items 

for which the values calculated for discrimination and dif

ficulty were outside the acceptable range. Five items were 
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identified and disregarded in each of these two sections 

and the reliability was recalculated. Table 2 contains the 

values produced in the second test of reliability. 

TABLE 2 

RELIABILITY OF THE TEST 

Section Mean s r n 

I 18.0 

II 11.9 

III 6.4 

IV 9.0 

TEST TOTAL 45.1 

After the test was administered to the total sample 

population, reliability was again computed using the scores 

for this larger group. Reliability for Section I was cal

culated at .81; the reliability of Section II was calculated 

at .71; the reliability of Section III was calculated at 

.75; and the reliability for Section IV was calculated at 

.78. For the total test, reliability for the larger group 

was calculated to be .93. 

6 .11 

2 .61 

3 .91 

3.38 

13 .55 

.83 

.69 

.75 

.73 

.96 

30 

15 

20 

15 

80 



CHAPTER IV 

SELECTION OF THE STVMPLE 

A stratified sampling technique was used in the 

selection of the sample population used in the study. By 

using a stratified sample, it was hoped to insure that the 

sample would include a cross section of geographical areas 

as well as a cross section of school districts of various 

sizes. 

Four geographical areas were defined by grouping 

the eleven geographical regions of Texas into larger units. 

The northern area was designated as area 1 and included the 

Lower Western Plains, the Cross Timbers, and the Grand 

Prairie regions of the state. The eastern area was desig

nated as area 2 and was made up of the Blackland Prairie, 

the Post Oak Belt, the Pine Woods Region, and the Gulf 

Coast Plain. The southern area, designated as area 3, in

cluded the Edwards Plateau and the South Texas Plain. The 

western area was designated as area 4, and was made up of 

the High Plains and the Mountain and Basin Region. The 

boundary lines for these areas were modified to conform to 

county boundaries and closely approximated the geographical 

boundaries. 

A look at the distribution of the school population 

revealed that over half of the students in Texas schools 

attended school districts which had an average daily 

26 



27 

attendance of 10,000 or more, but school districts of this 

size accounted for only approximately 4% of the school dis

tricts in the state. To insure that the sample population 

for the study would include a cross section of school dis

tricts, the school districts were stratified on the basis 

of their average daily attendance as reported by the Texas 

Education Agency (34). The school districts were divided 

into two groups so that about half of the school population 

fell into each group. To get this distribution, the divid

ing line was set at an average daily attendance of 10,000. 

The schools having an average daily attendance of 10,000 

and more included 43 school districts, while the group hav

ing a lower attendance numbered 1007. The group of schools 

with higher attendance was divided again so that one group 

had schools with an attendance figure of 50,000 and more. 

About 22% of the school population fell into this group, 

leaving about 30% of the school population in schools with 

an average daily attendance between 10,000 and 49,999. 

The 1007 schools in the portion of schools with smaller 

attendance were also grouped into smaller units. When this 

was done by separating those schools with an average daily 

attendance falling between 1,000 and 4,999 almost a fourth 

(23%) of the student population was placed in a single group 

The remaining students fell into a category of schools with 

an average daily attendance of up to 999, and another group 

of schools having an average daily attendance falling 
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between 5,000 and 9,999. Five size categories were thus 

established. A summary of the information describing the 

five size categories was placed in Table 3. 

TABLE 3 

SIZE CATEGORIES FOR THE SCHOOLS 

Average Da 
Attendance 

up to 999 

1000-4999 

5000-9999 

10,000-49, 

50,000 up 

ily 

000 

Category 

1 

2 

3 

4 

5 

Number of 
Schools 

697 

272 

38 

38 

5 

Number of 
Pupils 

362,306 

581,421 

259,771 

757,889 

555,187 

% of 
Pupils 

14.4 

23.1 

10.2 

30.1 

22.1 

A list of school districts for each size category 

was prepared for each of the four areas. The schools were 

numbered in each list and a table of random numbers was used 

to select the school from each list which was used in the 

study. The superintendent of schools for each of the school 

districts thus selected was contacted by letter and asked 

to give approval for his school to participate in the study. 

He was also requested to provide the name of the personnel 

in his district who should be contacted to proceed with tlie 

study. When his reply was received, the teachers, or other 

persons who had been designated, were then contacted and 

asked to indicate which of the four objectives being studied 
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was included in their course of study. They were also 

asked to administer the achievement test to the appropriate 

class. When a school district failed to respond or de

clined to participate, a substitute school was chosen fol

lowing the process described above. Copies of the corre

spondence with superintendents and teachers has been placed 

in Appendix V. 

Size category 5 contained only 5 schools, none of 

which participated in the study, so this category was de

leted. Correspondence to a number of schools in area 1 of 

size category 4 failed to produce a participant, and from 

area 3 no schools were found for size categories 1 or 2 

v^ich would take part in the study. This information has 

been summarized in Table 4. A total of 753 students from 

the 13 schools indicated were involved in the study. 

TABLE 4 

LOCATION OF PARTICIPATING SCHOOLS 

Size Category 

1 
North 

X 

X 

X 

2 
East 

X 

X 

X 

X 

Area 
3 

South 

X 

X 

4 
West 

X 

X 

X 

X 

1 

2 

3 

4 

5 



CHAPTER V 

STATISTICAL TREATMENT 

Answer sheets were received from 753 students rep

resenting 13 schools. The answer sheets were scored by 

counting the number of correct responses for each of the 

four sections of the test and the sum of these scores was 

used as the total score for the test. The five scores thus 

obtained were transferred to computer cards and a computer 

was used to perform two types of statistical analysis. 

Analysis of variance was performed to determine whether 

differences in mean scores were significant and Duncan's 

New Multiple Range Test was used to indicate which mean 

scores were significantly different from each other. The 

alpha level was set at .05 for the purpose of testing sig

nificance. 

These two statistical tests were performed on a 

series of different groups of mean scores to determine 

whether the differences in mean scores were significant be

tween subtests, between school districts of varying size, 

between grade levels, and between geographical areas. When 

the differences in mean scores were investigated on the 

basis of the size of the school districts, the grade levels 

were considered separately for each size category, and then 

the grade levels were combined, thus giving four separate 

groups of mean scores which were treated. The two 
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statistical tests were applied to each of the groups of 

means. The geographical areas were also treated so that 

the three grade levels could be studied separately, and 

then the grade levels were combined so that achievement in 

each area could be compared with achievement in other areas 

without reference to separate grade levels. 

One set of statistical tests was performed to de

termine whether differences in achievement between subtests 

were significant. Mean scores based on the percentage of 

correct responses were found for each section of the achieve

ment test, for the eighth, tenth, and twelfth grades sepa

rately, as well as for the total sample population without 

grade level designation. Four sets of percentage mean 

scores were thus produced for each section of the achieve

ment test, and the tests of significance were performed to 

see whether the differences among these mean scores were 

significant. 

Differences in achievement related to the size of 

school districts received four similar statistical treat

ments. Mean scores were obtained for each of the subtests 

for each size category and the tests of significance were 

applied to the groups of mean scores thus obtained. 

Differences in achievement related to grade levels 

were studied for significance by finding the mean score for 

each subtest at each grade level. The tests of significance 

were performed on the group of mean scores thus produced. 
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Differences in achievement between areas required 

four sets of statistical tests. Each grade level was con

sidered separately for each area, then each area was studied 

without reference to separate grade levels. In each case 

mean scores for the four subtests were found for each area 

and the scores were treated to see whether the differences 

were statistically significant. 



CHAPTER VI 

FINDINGS 

One of the purposes of this study was the determina

tion of which objectives were most frequently stated as ob

jectives for secondary level life science courses. Curricu

lum guides and publications by science educators were used 

as the sources for the objectives, and the frequency with 

v^ich an objective occurred was established by tabulating 

the number of sources which stated a given objective. The 

order of frequency along with the number of sources includ

ing each of the various objectives was summarized in Table 5, 

TABLE 5 

FREQUENCY OF OCCURRENCE OF OBJECTIVES 

Rank Objective Frequency 

1st Scientific Method 19 

2nd Knowledge 17 

3rd Ecology 12 

4th Interest 11 

5th Unity of Science 7 

6th Openmindedness 6 

7th Relationship between Structure & Function 5 

8th Health 4 

33 
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Achievement of Objectives 

A second purpose of the study was the determination 

of a level of achievement for each objective. The achieve

ment test was made up of four sections, or subtests, each 

of which was designed to measure the achievement of one of 

the four objectives selected for study. Student scores 

for each section of the test were converted to percentages 

and the mean percentage score for each section of the test 

was used to represent the level of achievement for the ob

jective measured by that section. It was hypothesized 

that there would be no significant differences in achieve

ment between various objectives. 

Mean scores, based on the percentage scores, were 

obtained for each section of the test for each of the 

separate grade levels as well as for the entire sample 

population, and were recorded in Table 6. 

TABLE 6 

ACHIEVEMENT OF EACH OBJECTIVE 

Objective 

Scientific 
Method 

Ecology 

Interest 

Knowledge 

8th 
Mean 

45.447 

63.133 

25.205 

34.676 

10th 
Mean 

49.899 

65.964 

25.733 

46.716 

12th 
Mean 

69.908 

82.648 

37.420 

66.970 

Total Sam

ple Mean 

54.133 

69.080 

28.944 

48.321 
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It was apparent that the mean percentage score for 

the subtest concerned with ecology was higher than any of 

the other mean percentage scores at each grade level as well 

as for the overall sample. Scientific method was the sub

test which had the second highest mean percentage score in 

every case and was followed by knowledge. Interest had the 

lowest mean percentage score at each grade level and for 

the sample taken as a single group. The analysis of vari

ance indicated that the differences observed between mean 

scores were significant, and Duncan's New Multiple Range 

Test showed that these differences between scores were sig

nificant in every case except in the tenth and twelfth 

grades, where the mean percentage scores for knowledge and 

scientific method were not significantly different. The 

hypothesis that the levels of achievement would not differ 

between objectives was rejected. However, it should be 

noted that difficulty levels for the various subtests were 

not equated by a statistical test. 

Differences Based on Size of Schools 

The data cards containing the scores for each pu

pil were arranged so that the mean scores for schools of 

the various size categories could be examined and compared. 

The hypothesis that there would be no difference in achieve

ment between school districts of different sizes was tested 

for each grade level as well as for the total sample popu

lation. 
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Eighth Grade 

When the eighth grade scores were examined on the 

basis of school size the differences in mean scores were 

significant except in Section III of the achievement test. 

Table 7 was prepared to compare the eighth grade mean scores 

for the various sizes of schools. 

TABLE 7 

SUMMARY OF MEAN SCORES BASED ON SIZE 
OF SCHOOL FOR EIGHTH GRADE 

Size of School 
Section Section Section Section Total 

I II III IV 

Size 4 
0-999 11.179 8.554 

Size 3 

1,000- 4,999 15.511 10.000 

Size 2 
5,000- 9,999 13.531 9.221 

Size 1 
10,000-49,999 14.808 10.519 

5.929 3.464 29.500 

4.596 5.255 36.234 

4.628 4.230 32.496 

5.385 4.237 36.750 

On Section I of the test the mean scores for size 

3 schools were significantly different from the mean scores 

for size 2 and size 4 schools, but the difference between 

the mean scores for size 3 and size 1 schools was not sig

nificant. The means for size 1 and size 2 schools did not 

differ significantly from each other. The hypothesis that 

there would be no significant difference in achievement 

relative to the size of the schools was rejected in this 

case. 
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In Section II there were three pairs of means which 

were not significantly different. The difference between 

the means for size 1 and size 3 schools was not significant, 

the pair of means for size 2 and size 3 schools were not 

significantly different, and the pair of means for size 2 

and size 4 schools were not significantly different. How

ever, the mean for size 1 schools was significantly higher 

than the means for size 2 and size 4 schools and the size 4 

schools yielded a mean which was significantly lower than 

the highest pair of means. The hypothesis that there would 

be no significant difference in achievement between schools 

of different sizes was rejected in this case. 

In Section III the differences between means were 

not significant and the hypothesis was accepted. 

In Section IV size 3 schools produced a mean score 

which was significantly higher than the two lowest means, 

but the difference between it and the second highest mean 

was not significant. Size 4 schools had the lowest mean, 

but this mean was significantly lower only than the mean 

for size 3 schools which ranked highest. In this case also 

the hypothesis was rejected. 

When the total score for the achievement test was 

considered for the eighth grade the means for size 1 and 

size 3 schools were not significantly different from each 

other, but the mean score for either size category was sig

nificantly higher than the mean score for size 2 and size 4 
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schools. The mean scores for size 2 and size 4 schools 

were not significantly different from each other. The hy

pothesis was rejected for this case also. 

Tenth Grade 

The mean scores for schools of differing sizes were 

analyzed using scores for tenth grade students and their 

mean scores were recorded in Table 8. 

TABLE 8 

SUMMARY OF MEAN SCORES BASED ON SIZE 
OF SCHOOL FOR TENTH GRADE 

Size of School 
Section Section Section Section Total 

I II III IV 

Size 4 

Size 3 0-^^^ 

1,000- 4,999 

Size 2 

5,000- 9,999 

Size 1 
10,000-49,999 

13. 

14. 

15. 

16, 

.178 

.329 

.519 

.579 

9. 

9. 

9. 

10. 

.222 

.835 

.835 

.596 

5.467 3.756 32.956 

4.988 4.835 35.871 

5.139 4.709 37.835 

5.140 4.947 40.246 

The analysis of variance showed that the mean scores 

for Section I were significantly different, but Duncan's 

test indicated that the significance was found among three 

pairs of means. The mean score for size 1 schools was sig

nificantly higher than the mean score for size 4 schools, 

the mean scores for size 2 or size 3 schools and for size 4 

schools were significantly different from each other, and 
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the difference between the means for size 1 and size 4 

schools was significant. The hypothesis that there would 

be no significant difference in the mean scores for schools 

of different sizes was rejected for this case. The mean 

scores produced in Sections II, III, and IV were not sig

nificantly different, and the hypothesis was accepted for 

each of those cases. 

When the scores for the total test were considered, 

significant differences were found between the means for 

size 1 schools and size 3 or size 4 schools, with the 

size 1 schools ranking higher than either of the other two. 

The mean score for size 2 schools was significantly higher 

than the mean scores of the size 4 schools. The hypothesis 

that there would be no difference in achievement between 

different sized schools was rejected for this case. 

Twelfth Grade 

The mean scores produced by the twelfth grades in 

schools of various sizes were obtained and the means were 

recorded in Table 9. The means obtained for Section I were 

all significantly different from each other and the hypothe

sis was rejected for this case. In Section II the size 1 

schools had a mean score which was significantly higher than 

the mean scores for size 3 or size 4 schools, but it was not 

significantly different from the size 2 schools which ranked 

second. The mean score for size 2 schools was significantly 
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higher than the mean score for size 3 schools, and the mean 

score for size 3 schools was significantly lower than the 

means for size 1 and size 2 schools. The hypothesis that 

achievement would not be significantly different between 

schools of different sizes was rejected. 

TABLE 9 

SUMMARY OF MEAN SCORES BASED ON SIZE 
OF SCHOOL FOR TWELFTH GRADE 

Size of School 
Section Section Section Section Total 

I II III IV 

Size 4 
0-999 

Size 3 
1,000- 4,999 

Size 2 
5,000- 9.999 

Size 1 
10,000-49,999 

15.143 11.429 

19.098 10.585 

20.908 12.553 

22.263 13.236 

7.714 5.571 41.286 

5.537 4.341 43.683 

7.579 3.861 51.118 

8.232 3.884 54.421 

In Section III, size 1 schools produced a mean score 

which was significantly higher than the lowest mean score, 

and the size 3 schools produced a mean score which was sig

nificantly lower than the mean score for either the size 1 

or size 2 schools. The hypothesis was rejected for this 

case. 

The differences in mean scores for Section IV were 

not significant, and the hypothesis was accepted. 
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When the scores for the total test were considered, 

all the mean scores except for size 3 and size 4 schools 

were significantly different from each other and the hy

pothesis was rejected. 

Total Sample 

The scores for each size category were analyzed 

without reference to specific grade levels. The mean scores 

thus obtained for each size school were used to prepare 

Table 10. 

TABLE 10 

SUMMARY OF MEAN SCORES BASED ON SIZE 
OF SCHOOL FOR TOTAL SAMPLE 

Section Section Section Section Total 
Size of School I II III IV 

Size 4 
0-999 

Size 3 
1,000- 4,999 

Size 2 
5,000- 9,999 

Size 1 
10,000-49,999 

12.269 9.019 

15.780 10.058 

16.209 10.347 

18.775 11.755 

5.852 3.722 31.704 

5.012 4.832 37.821 

5.616 4.269 39.351 

6.642 4.294 45.956 

When the mean scores for Sections I and II and for 

the total test were examined it was found that the differ

ences between the mean scores were significant except be

tween the mean scores for size 2 and size 3 schools, and 

the hypothesis was rejected. The larger schools had mean 
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scores which were significantly higher than those of other 

schools, and the mean scores for the smallest schools had 

mean scores which were significantly lower than those for 

other schools. The two mid sized schools had mean scores 

which fell between the means of the large and small schools, 

and their means were not significantly different from each 

other. 

In Section III a different rank order was observed 

and Duncan's test indicated that the mean score of size 1 

schools was significantly higher than the mean scores for 

size 2 and size 3 schools. The hypothesis was rejected in 

this case. The difference between the mean scores for size 

1 and size 4 schools was not significant. Duncan's test 

also showed that the differences between the mean scores 

for size 4, size 2, and size 3 schools were not significant. 

In Section IV the only mean scores which were sig

nificantly different were the scores for size 3 and size 4 

schools. The hypothesis was rejected. 

Differences Based on Grade Level 

The data cards were sorted by grade levels so that 

the mean scores produced by the three grade levels could be 

compared. On Sections I and II and for the total test the 

twelfth grade had the highest mean score. The tenth grade 

ranked second and the eighth grade produced the lowest mean 

score. In each case the difference between any pair of 
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scores was significant. On Section III the same rank or

der was observed for the means of the three grades, but the 

difference between the mean scores for the eighth and tenth 

grades was not significant. The differences among the mean 

scores for Section IV were not significant for any grade 

level. The hypothesis that there would be no difference 

in the level of achievement between grade levels was re

jected except in the case of Section IV of the achievement 

test which dealt with knowledge. The mean scores for each 

grade level were used to prepare Table 11. 

TABLE 11 

SUMMARY OF MEAN SCORES BY GRADE LEVEL 

Section Section Section Section Total 
Grade Level I II III IV 

8 14.231 9.708 4.967 4.519 34.557 

10 16.092 10.346 5.238 4.654 39.392 

12 20.951 12.598 7.482 4.201 50.835 

Differences Based on Area 

Eighth Grade 

Mean scores for the four geographical areas were 

compared and Table 12 was prepared to summarize the mean 

scores at the eighth grade level. 
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TABLE 12 

SUMMARY OF MEAN SCORES BY AREA 
FOR EIGHTH GRADE 

1 

2 

3 

4 

Area 

North 

East 

South 

West 

Section 
I 

12.025 

14.155 

10.438 

14.962 

Section 
II 

8.225 

9.629 

8.594 

10.212 

Section 
III 

4.050 

5.138 

5.000 

5.412 

Section 
IV 

3.825 

4.293 

3.937 

4.587 

Total 

28.875 

33.905 

27.969 

36.938 

The analysis of variance on this set of scores in

dicated that the difference between areas was not signifi

cant for Sections III and IV of the test. Duncan's test 

indicated that in Section I the difference between areas 

1 and 3 was not significant and the difference between areas 

2 and 4 was not significant. However, the mean score for 

area 4 was significantly higher than the mean scores for 

areas 1 or 3 and the mean score for area 2 was significantly 

higher than those for areas 1 or 3. 

When the mean scores for Section II of the test 

were examined, the analysis of variance indicated that the 

differences among the mean scores were significant. Dun

can's test revealed that the mean score for area 4, which 

was highest, was significantly higher than the mean scores 

for either area 1 or 3. The mean score from area 2 ranked 

second but was significantly higher only than the lowest 
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mean score. The mean score from area 1, which was the low

est, was significantly lower than the mean scores for areas 

4 and 2. 

The differences in mean scores for the various areas 

were not significant for either Section III or IV of the 

test, but when the mean scores based on the total test were 

analyzed, significant differences were observed. Duncan's 

test indicated that there was a significant difference be

tween any two means except for areas 1 and 3. The hypothe

sis that there would be no significant difference in achieve

ment between the different areas was rejected for Section 

I and II and for the total test. 

Tenth Grade 

Mean scores for the areas were obtained for the 

tenth grade students and Table 13 was assembled from this 

information. The hypothesis that there would be no signifi

cant difference in achievement between different areas was 

tested for each of the subtests. 

TABLE 13 
SUMMARY OF MEAN SCORES BY AREA 

FOR TENTH GRADE 

1 

2 

3 

4 

Area 

North 

East 

South 

West 

Section 
I 

16.230 

15.544 

16.225 

13.491 

Section 
II 

10.098 

10.018 

10.750 

9.398 

Section 
III 

5.607 

5.807 

5.425 

4.435 

Section 
IV 

4.557 

3.667 

6.100 

4.657 

Total 

39.770 

38.719 

39.700 

33.278 
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When the tenth grade scores for Section I were an

alyzed, area 4 was found to have a mean score significantly 

lower than the mean scores for other areas. The analysis 

of variance indicated no significant differences for the 

means of Section II. In Section III the significant dif

ference was found between the mean score for area 2, which 

was the highest, and area 4, which had the lowest mean score 

Mean scores for areas 1, 2, and 3 were not significantly 

different from each other. In Section IV the mean score 

for area 3 was significantly higher than the means from any 

of the other areas, and area 4, which ranked second, had a 

mean score which was significantly higher than that for 

area 2. The difference between the mean scores for areas 

4 and 1 was not significant, and the difference between 

the mean scores for areas 1 and 2 was not significant. The 

analysis of variance for scores based on the total test in

dicated that differences between mean scores for the dif

ferent areas were significant. Duncan's test revealed that 

the three highest means were not significantly different 

from each other, but the mean score for area 4 was signifi

cantly lower than the means for any of the other three 

areas. The hypothesis that there would be no significant 

difference in achievement between geographical areas was 

rejected except for Section II of the test which was con

cerned with ecology. 
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Twelfth Grade 

Mean scores for the twelfth grade were examined 

and the scores were reported in Table 14. 

TABLE 14 

SUMMARY OF MEAN SCORES BY AREA 
FOR TWELFTH GRADE 

Section 
Area I 

Section 
II 

Section 
III 

Section 
IV 

Total 

1 

2 

3 

4 

North 

East 

South 

West 

19.830 

19.972 

22.478 

22.292 

11.642 

12.069 

12.587 

13.542 

6.208 

6.444 

8.630 

9.354 

3.528 47.038 

4.208 47.861 

4.391 54.174 

3.917 56.333 

The hypothesis that there would be no significant 

difference in achievement between geographical areas was 

tested for each subtest and for the test as a whole The 

analysis of variance indicated that the differences among 

the mean scores were significant in each section of the 

test except Section IV. Duncan's test showed that in 

Section I the mean scores for the areas with the two high

est means (areas 3 and 4) were not significantly different 

from each other, but both were significantly different 

from the means of the other two areas. The difference be

tween the mean scores for areas 1 and 2 were not signifi

cant. In Section II, area 4 had the highest mean score, 

v^ich was significantly higher than any of the other means 
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The difference between the mean scores for areas 1 and 2 

was not significant, and no significance was indicated for 

the difference between the mean scores for areas 2 and 3. 

The mean scores for Section III split into two pairs of 

means which were significantly different from each other. 

The pair of means for areas 3 and 4 was significantly higher 

than the means of areas 1 and 2. When total scores were 

considered, the two highest mean scores were not signifi

cantly different from each other, but both were significantly 

different from the mean scores from areas 1 and 2. The mean 

scores for areas 1 and 2 were not significantly different 

from each other. The hypothesis that there would be no 

significant difference in the achievement between areas was 

rejected except for Section IV which was concerned with 

knowledge. 

Total Sample 

The scores for the students were grouped by area 

so that differences in mean scores among the four areas 

could be studied for the total sample population. The mean 

scores for each area were recorded in Table 15. The an

alysis of variance indicated that the differences in mean 

scores were not significant and the hypothesis that there 

would be no significant difference in achievement between 

areas was accepted for each subtest. 



TABLE 15 

SUMMARY OF MEAN SCORES BY AREA 
FOR TOTAL SAMPLE 
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1 

2 

3 

4 

Area 

North 

East 

South 

West 

Section 
I 

16.377 

16.188 

17.093 

15.780 

Section 
II 

10.143 

10.437 

10.881 

10.517 

Section 
III 

5.409 

5.678 

6.559 

5.767 

Section 
IV 

4.013 

4.122 

4.847 

4.483 

Total 

39.442 

39.127 

42.161 

39.208 



CHAPTER VII 

CONCLUSIONS AND RECOMMENDATIONS 

Conclusions 

Frequency of the Objectives 

It appeared that the concerns of teachers were not 

the same as those who published material containing state

ments of objectives or those who wrote the curriculum guides 

Scientific method, which was given as an objective by each 

of the sources, was included as a course objective by about 

76% of the teachers who participated in the study. Most 

of the teachers (96%) indicated that objectives concerning 

interest and knowledge were included in their courses while 

the sources for the objectives used in the study gave in

terest as the fourth most frequently stated objective. 

Differences in Achievement Between 
Objectives 

Significant differences in achievement were found 

between the various objectives. The objective related to 

ecology was observed to have a mean percentage score which 

was significantly higher than the scores for the other 

objectives, and the objective concerning interest was ob

served to have a mean percentage score which was signifi

cantly lower than the scores for the other objectives. The 

objective which teachers included most frequently in their 
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courses had the lowest achievement level, while the objec

tive which they included least frequently had the highest 

achievement level. 

Differences in Achievement Between 
Schools of Different Sizes 

The larger schools represented in category 1 con

sistently scored significantly higher than other schools, 

and the small schools represented in category 4 consistently 

scored significantly lower than the other schools. 

Differences in Achievement 
Between Grade Levels 

The twelfth grade had higher scores than the tenth 

grade which ranked second, or the eighth grade which ranked 

last. The differences between grade levels were signifi

cant except in two cases. The difference between the mean 

scores for the eighth and tenth grades did not differ sig

nificantly in the subtest for interest, and in a second 

case, the differences in means were not significant between 

any grade level for the subtest concerned with knowledge. 

Data from the achievement test indicated that each objec

tive was achieved at a higher level as the grade level 

increased, except in the case of knowledge, where the dif

ferences in achievement were not significant. 
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Differences in Achievement Between 
Geographical Areas 

Significant differences in the mean scores were not 

observed between geographical areas when the total popula

tion was studied without reference to grade levels. When 

grade levels were treated separately by area, there ap

peared to be some cases where the mean scores were signifi

cantly different, but a pattern that established one area 

as being superior was not detected. 

Recommendations 

The following recommendations were made: 

1. That replications of this study be carried out 

using different populations, 

2. That similar studies be carried out using dif

ferent instructional objectives for secondary level life 

science courses, 

3. That studies be conducted to identify specific 

factors which caused students in the larger schools to 

reach higher achievement levels than students in small 

schools, 

4. That studies be undertaken to find explanations 

for the apparent lower achievement levels for interest and 

knowledge observed in all schools, 

5. That similar studies, which would identify in

structional objectives and measure their achievement, be 

conducted in other subject matter areas. 
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6. That teachers of life science evaluate their 

courses and educational practices to correct possible dis

crepancies which appear to exist between the objectives 

which are given and the achievement of these objectives, 

and 

7. That studies be conducted to determine whether 

certain objectives should be emphasized at a given grade 

level. 
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APPENDIX I 

THE OBJECTIVES 

The following list of objectives was composed from 

statements of course objectives which were found in the 

curriculum guides and in the published sources used in 

the study. The statements have been arranged so that 

groups of similar objectives were formed. The statements 

were listed as they appeared in the source with no attempt 

being made to eliminate duplicate statements. 

Scientific Method 

1. To develop a spirit of inquisitiveness—to ask 

what—how—why. 

2. To search for the truth with greater enthusiasm 

and ability. 

3. To gain sufficient familiarity with facts 

combined with scientific thinking to safeguard against 

false and misleading advertising of food and drugs. 

4. To employ the scientific method of thinking. 

5. To develop an ability to solve problems by 

individual and group investigative procedure in the 

laboratory. 

6. To introduce the scientific inquiry method of 

investigation. 

7. To acquaint students with basic research methods. 
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8. To aid the student in developing an understanding 

of the problem solving process through emphasis on student 

inquiry and investigative activity. 

9. To understand how biological data is obtained 

and utilized in the formation of basic principles and 

theories. 

10. To develop an understanding of science as inquiry. 

11. To develop the attitude to use scientific method. 

12. To develop the ability to utilize the scientific 

approaches. 

13. To develop better problem solving skills. 

14. To introduce the use of the scientific method 

and to solve problems through the use of scientific equip

ment such as soil analysis kits, Geiger counter scalar, and 

life history collecting material. 

15. To help students become interested in scientific 

thinking and to become better acquainted with the scien

tific method. 

16. Learn to understand and use the methods of 

science. 

17. Employ the scientific approach in problem 

solving. 

18. To create a desire to find answers to unsolved 

problems. 

19. To acquire the ability to recognize important 

biological problems which are still unsolved. 
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20. Identify and approach a problem in a scientific 

manner. 

21. To acquire the ability to detect and state a 

problem. 

22. Place a problem in its proper context. 

23. Define a problem in researchable terms. 

24. Make observations, judge the facts, and formu

late workable hypotheses; yet always have a willingness 

to change opinions on the basis of evidence. 

25. To develop accuracy in making observations, in 

making measurements, in keeping records, and in analyzing 

problems. 

26. To select data relevant to the problem. 

27. To become better observers and be able to 

recognize, identify, generalize, and transfer these skills. 

28. To think, observe, and draw conclusions inde

pendently and objectively. 

29. To develop the ability to observe accurately. 

30. To encourage the student to develop an under

standing of various methods by which scientific knowledge 

has been evolved slowly and painstakingly through planned 

observation. 

31. To develop skills in methods of observation and 

in careful recording of the results of experiments. 

32. To develop a keen sense of observation. 

33. To learn to make accurate observations. 
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34. To recognize the importance of accuracy in 

obtaining data. 

35. To make accurate observations. 

36. To organize the facts obtained from observa

tions and experiments. 

37. To distinguish among different kinds of data. 

38. To develop the ability to use both qualitative 

and quantitative aspects of investigation. 

39. To develop the ability to classify and categorize 

when helpful. 

40. To develop their ability to perceive likeness 

and differences. 

41. To distinguish between facts and opinions. 

42. To distinguish between fact and theory. 

43. To evaluate superstitions and to show the need 

for controlled procedures before arriving at conclusions. 

44. To become able to recognize true cause and 

effect relationships. 

45. To recognize the cause and effect of relation

ships. 

46. To recognize the relationship between cause 

and effect. 

47. To develop a willingness to change hypotheses 

on the basis of new evidence. 

48. To develop the ability to formulate workable 

hypotheses. 
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49. To recognize a reasonable hypothesis which can 

be tested by experiment or observation. 

50. To realize that additional research questions 

are generated during an investigation. 

51. To realize the relevance of one's findings. 

52. To realize the extent and limitations of 

generalizations. 

53. To learn to transfer the method of scientific 

thinking to one's own problems and to social problems. 

54. To develop the ability to apply the principles 

of science to new situations. 

55. To acquire the ability to plan experiments to 

test hypotheses. 

56. To learn to formulate hypotheses. 

57. To realize that data may be expressed in various 

ways, through the use of graphic, symbolic, quantified, and 

verbal media. 

58. To be accurate in the presentation of data. 

59. To learn to read and construct graphs and tables. 

60. To afford the student the opportunity to further 

advance his ability to reason, to understand and interpret 

previously recorded data, and to express the processes of 

life according to scientific terminology and nomenclature. 

61. To convince the student of the need for imper

sonal, yet humane attitudes toward experimentation and 

research with animals. 
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62. To recognize the importance of selecting 

appropriate techniques for conducting research. 

63. To utilize science material, equipment, and 

apparatus in laboratory experiences designed to promote 

critical thinking and practice in recording and reporting 

scientific data. 

64. To develop the scientific skills of observa

tion, description, experimentation, and research. 

65. To select a suitable procedure for the analysis 

of data. 

66. To recognize that the biologist uses some 

specialized tools. 

67. To recognize the importance of crossvalidation 

in an experimental design. 

68. To recognize the importance of replication in 

an experimental design. 

69. To recognize the importance of appropriate 

controls in an experimental design. 

70. To learn to use scientific apparatus. 

71. To enable the student to acquire skill in 

accurate record maintenance and interpretation. 

72. To enable the student to develop new skills in 

techniques of using materials and equipment for scientific 

investigation by means of laboratory activities. 

73. To learn the proper method of utilization of 

laboratory equipment, techniques, and apparatus. 
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74. To give the student opportunity for supervised 

laboratory work in which laboratory techniques and skills 

are used in problem solving. 

75. To develop a skill in using the tools and 

instruments of science. 

76. To gain an insight into some of the techniques 

and procedures used by life scientists. 

77. To exhibit efficiency and neatness in lab work 

and possess basic skills in the use and maintenance of 

equipment. 

78. To develop techniques in the effective and safe 

use of materials, apparatus, and forces of nature. 

79. To have greater opportunity for critical 

thinking and use of scientific investigation. 

80. To develop the ability to draw generalizations 

from facts presented in subject matter and from observa

tion. 

81. To develop the ability to draw generalizations 

from facts and observations. 

82. To realize that science is ready to modify its 

generalizations in the light of new evidences. 

83. To recognize the value of creative thinking 

and ingenuity in science. 

84. To base interpretations on the evidence at hand. 

85. To develop an awareness of the ineptness of the 

either-or variety of reasoning. 
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86. To learn to interpret facts, that is to draw 

conclusions. 

87. To stimulate an attitude of critical analysis 

and intelligent evaluation of the recent advances in the 

biological sciences. 

88. To develop the ability to think critically, to 

interpret data, and to make tentative conclusions and 

predictions. 

89. To understand that scientific progress is made 

by men and that these men are great because they are 

willing to work with a problem until they find a suitable 

answer even against great difficulties at times. 

90. To participate in scientific activity in a 

manner which can be challenging and rewarding both to 

the individual and society. 

91. To identify possible sources of error in the 

data. 

92. To recognize that people control the tools of 

science. 

93. To recognize that scientists share ideas with 

others. 

94. To realize that many problems and difficulties 

are encountered by researchers. 

95. To realize that people create the ideas in 

science. 
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96. To recognize that scientists do not base 

judgments on authority. 

97. To recognize that his participation in a 

scientific investigation contributes to his learning. 

98. To recognize the chief aim of research. 

99. To realize that both teamwork and individual 

work are important in research. 

100. To realize that being a scientist involves 

much study and routine work. 

101. To recognize the importance of background 

knowledge in the investigation of a problem. 

102. To develop an appreciation of the efforts, 

hard work and accuracy that are necessary in any scien

tific investigation. 

103. To advance the quality of the student's 

scientific thinking through the development of attitudes 

and appreciations specific to biology as evidenced in 

changed behavior. 

Knowledge 

1. Become acquainted with the contributions of the 

great scientists of history as well as the contributions 

of present-day scientists. 

2. To develop an appreciation of the history of 

science and encourage admiration for great scientists 

in an attempt to inspire and develop character. 
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3. Develop an understanding of the history of 

biological concepts. 

4. Nurture understanding and appreciation for the 

historical development of science. 

5. Develop an understanding and appreciation for 

the role of science in our culture both present and future. 

6. The student is aware of the significance of past 

discoveries for the status of biological studies today. 

7. To know the scientific discoveries of the past 

in order to understand better discoveries that are 

inevitable in the future. 

8. To develop an appreciation of the history of 

the sciences and scientists. 

9. To become aware of the relationship between the 

study and activities of human life in the period of 

history of which the student is a part. 

10. Acquire and use a vocabulary of scientific terms. 

11.. Acquire and use a vocabulary of scientific tenns. 

12. Accurate use of clearly defined words in order 

to avoid misinformation, misunderstanding, and disagree

ment. 

13. To acquire a vocabulary of useful biological 

terms. 

14. Develop a scientific vocabulary as a means of 

communication. 
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15. To enlarge the scientific vocabulary of each 

student. 

16. The student has a clear understanding of the 

bases for the various theories of the origin and evolution 

of life on earth. 

17. To develop an understanding of the change of 

living things through time: Evolution. 

18. To understand that species have survived because 

of adaptations and adjustments which have fitted them to 

the conditions under which they live. 

19. To realize that all life has evolved from 

simple forms. 

20. Living things have descended through time with 

a wide variation in form of expression. 

21. These same principles and laws (of genetics) 

are applicable to man. 

22. Improvement of domestic animals and cultivated 

plants can be brought about most rapidly and most effi

ciently through the understanding and application of the 

principles and laws of genetics. 

23. Variation in the expression of life through 

time is a function of the genetic composition of the 

individual and the environment in which it develops. 

24. To develop an understanding of the genetic 

continuity of life. 

25. Acquisition of information. 
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26. To learn to identify incorrect facts. 

27. To develop a knowledge of scientific facts, 

terms and principles and to apply these in everyday 

living. 

28. To know that all living things are composed 

of cells. 

29. The understanding that the unit of living sub

stance is the cell. 

30. Th will become familiar with natural laws and 

man's theories of natural phenomena. 

31. To develop an understanding that science can 

be a friend or foe; that it can be used for man's 

advancement or for his destruction. 

32. To develop an appreciation of the ways in which 

the sciences have helped build the modern civilization 

in which we live. 

33. The student is aware of the role of biological 

research in the advancement of human welfare. 

34. The student understands the principles of 

taxonomy. 

35. He will broaden his horizon because of his 

appreciations of the contributions of science to our 

civilization, of natural beauty, of man's place in the 

universe, and of possible future developments of science. 

36. Understand the systems of the human body. 
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37. Better understand and deal with the bases for 

building scientific skills, attitudes, knowledges, and 

appreciations. 

38. Develop an understanding of change and dynamics. 

39. Become more familiar with all living things. 

40. To develop an understanding of the basic bio

logical concepts at a broader, deeper, and more inter

related level than was offered in the elementary grades. 

41. To become acquainted with the science of 

living things. 

42. To understand that science is a body of tried 

and tested information: it is a way of thinking, acting, 

and learning. 

43. To develop the ability to use knowledge of 

science in every day activities. 

44. To emphasize that there are certain fundamental 

biological processes carried on by all living things. 

45. To understand that all life comes from previous 

life and produces its own kind of living organism. 

46. To realize that there is great variety in the 

size, structure, and habits of living things. 

47. Develop an understanding of the biological 

roots of behavior. 

48. Develop an understanding of regulation and 

homeostasis. 
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49. To acquaint the student with the accomplish

ments of outstanding biologists and the significance of 

biological knowledge in our society. 

50. To help develop scientific literacy of a type 

necessary for understanding our modern technological 

society. 

51. To aid the student in achieving and under

standing of the basic concepts of life. 

52. Understanding of the earth's plant life. 

53. Understanding of the earth's animal life. 

54. Understanding of man as an organism. 

55. Understanding of man and his characteristics. 

56. To acquire knowledge of some of the basic 

laws of biology. 

57. To become familiar with biological facts which 

will contribute toward social good. 

58. To acquire biological information and techniques 

which will be of value in the formation of a satisfactory 

philosophy of life. 

59. To learn to distinguish a fact from a theory. 

60. To become acquainted with the nature and extent 

of the professional fields of biology. 

61. To become familiar with the sources of 

biological literature. 

62. Point out contrasts i.e. : mechanism vs vitalism; 

plant vs animal; absolute vs probability; induction vs 
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deduction; science vs authoritarianism; precision science 

vs scientific attitude; good vs bad; success vs failure; 

know vs unknown. 

63. Student should derive from his study an apprecia

tion and acceptance of the idea that knowledge is not 

nearly as important as one's constant endeavor to obtain 

it. 

64. He evaluates occupational opportunities in a 

given biological field in terms of his experiences and 

his own capabilities. 

65. He knows the differences between science and 

technology. 

66. He recognizes the continuing nature of the 

scientific enterprise. 

67. The induction and application of principles. 

68. Understanding that the only known source of 

life is from living substances. 

69. The understanding that the basic process in 

the formation of living substance is photosynthesis. 

70. The understanding that life processes are 

chemical reactions involving interchanges of materials 

and energy. 

71. The understanding that life processes are 

essentially the same regardless of the organism in which 

they occur. 
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72. The most fundamental industries of man are 

based directly upon plant and animal life. 

73. Social problems are essentially biological 

problems and should be solved as such without resorting 

to emotionalism. 

74. Study the ways science has influenced our way 

of life, our beliefs, and how it will affect our future. 

75. Show that change is a characteristic of life. 

76. Develop an appreciation of the contributions 

of science to everyday living. 

77. Develop an awareness that science is but one 

factor which contributes to man's well-being. 

78. Develop an appreciation of the contributions 

of scientists. 

79. Improve the basic skills of reading, writing, 

spelling, speaking, and computation through using them 

in the activities of the science class. 

80. Give depth to scientific concepts through a 

more mature grasp of subject matter and more extensive 

individual laboratory experiences. 

81. Concentrate increasingly on the development of 

concepts, principles, broad generalizations, and great 

issues of science. 

Ecology 

1. To recognize one's relationship to other living 

things and one's dependence upon other forms of life and 
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upon the forces of nature. 

2. The student is better able to relate himself to 

his environment. 

3. The student is able to identify the more important 

classes of animals and knows something of their habits and 

their economic importance. 

4. The student is aware of the ecological inter

relationships among organisms. 

5. To acquaint the students with their environment 

and the relationship that exists among organisms in it. 

6. To give a working knowledge of man and the life 

around him. 

7. To develop an appreciation and understanding of 

living surroundings. 

8. To develop an understanding of the interaction 

of living things and how these affect the student. 

9. Develop their ability to make decisions with 

regard to their environment. 

10. Become aware of their environment. 

11. To understand that through interdependence of 

species and the struggle for existence a balance tends 

to be maintained among the many forms of life. 

12. To develop an appreciation and understanding of 

the living environment and its influence on living things. 

13. To look for the causes of things which occur 

naturally in the environment and to be better informed 
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about processes of nature. 

14. To understand the role of living things in the 

conservation of land and water. 

15. To develop an understanding of the complemen

tarity of organism and environment. 

16. Understanding of the relation of living things 

to their environment. 

17. Understanding of man and his relationship to 

various aspects of space. 

18. To understand the relation of man to his 

environment. 

19. Recognition of representative forms in the 

various divisions of the plant and animal kingdoms. 

20. Attainment of knowledge of the morphological, 

physiological, ecological and genetic principles as 

exemplified by the several phyla in the plant and animal 

kingdoms. 

21. Evaluation of man's relation to himself and 

to his living and nonliving environment. 

22. Show to each individual the importance of 

genetics, ecology, and conservation. 

23. Acquire those scientific facts, concepts, 

and principles which lead to a better understanding 

and appreciation of their environment. 

24. Develop an awareness that man's ability to 

modify his environment is limited by his understanding 
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of the nature of his environment. 

Interest 

1. Develop an attitude which will lead to increased 

scientific knowledge through reading and exploring in 

leisure time. 

2. To acquire other avocational interests. 

3. To acquire a background for avocational reading. 

4. To stimulate the wholesome use of leisure time. 

5. To create a desire for pursuing additional study 

of the sciences in the secondary school, in college, and 

in later life. 

6. To interest worthy students in the teaching 

profession and the field of biology. 

7. To develop biological, vocational, recreational, 

and educational interest in science. 

8. To serve as a basis for future work in the 

biological fields and as a basis for future adjustment 

to daily life. 

9. To provide an understanding of the many oppor

tunities that science offers both for vocational choice 

and leisure time activity. 

10. To provide an outlet for profitable and enjoyable 

vocations, avocations, and hobbies. 

11. Build on their natural scientific interests 

and curiosities. 
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12. Interest in biological science apart from 

that of immediate expediency. 

13. Reasonable understanding of natural phenomena 

is a source of satisfaction and a means of fuller living. 

14. To develop intellectual curiosity. 

15. To stimulate interest and inspire motivation 

that will tend to extend project investigation beyond 

the confines of the classroom. 

16. To stimulate an active interest in the living 

and non-living environment. 

17. To provide experiences that produce pupil 

response, learning, creativeness, observation and natural 

curiosity. 

18. To develop an interest in science. 

19. The student exhibits a continuing interest 

and curiosity in the field of biology. 

20. Develop an interest in further scientific study. 

Unity of Science 

1. The student perceives the relationships of 

biology to the other sciences—math, physics, chemistry, 

geology, astronomy, etc. 

2. To provide an introduction to the specialized 

sciences of biology, chemistry, and physics. 

3. To understand that the general objectives of 

all science instruction apply to life science instruction. 
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4. Gain a background in many fields of science 

knowledge—life science, physical science, earth science. 

5. He realizes the contributions that other 

sciences make to biological research. 

6. He recognizes that new tools lead to advances 

in research. 

7. He realizes the value of a broad background in 

areas other than the sciences. 

8. He sees the unity among the sciences, (botany, 

zoology, chemistry, physics, mathematics, etc.) 

9. Comprehension of the application of biological 

principles to problems arising in the several fields of 

basic research, industrial research, medicine, con

servation of natural resources, education, and society. 

10. Recognition of the unity that pervades all 

science. 

11. Develop an understanding of the interdepend

ence of the different areas of science. 

12. Establish an interrelationship among the sciences 

and other disciplines. 

Openmindedne s s 

1. To create a willingness to change opinions on 

the basis of evidence obtained through a search for truth. 

2. To develop an attitude of openmindedness—that 

is a willingness to accept the results of objective 

observations. 
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3. To develop a willingness to suspend judgment 

until sufficient facts are gathered. 

4. To develop freedom from prejudice. 

5. Attempt to understand the beliefs and practices 

of others without necessarily sharing or accepting them. 

6. To reject the influence of erroneous beliefs 

and superstitions. 

7. The student rejects superstitions and pseudo-

scientific explanations. 

8." He will be able to free himself from super

stitions. 

9. To develop freedom from superstition. 

10. Freedom from superstition and indoctrination. 

The Relationship Between Structure 
and Function 

1. The student understands the basic structure of 

important groups of organisms and is able to relate this 

understanding to a more detailed knowledge of the human 

anatomy. 

2. The student is acquainted with the general 

physiological mechanisms of the life process. 

3. Understand and utilize the structure and func

tions of plants and animals. 

4. Understand functions and capabilities of various 

life forms including man. 

5. To develop an understanding of the diversity of 
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type and unity of pattern. 

6. To develop an understanding of the comple

mentarity of structure and function. 

7. Understanding of interrelation of matter and 

energy of living things. 

8. To understand the relation of structures to 

their functions. 

9. Study the unit of life (cell) as a dynamic 

functional unit and show its relationship to man and 

a more complex form of life. 

Health 

1. The student appreciates his body and understands 

the source and implications of his physical growth. 

2. The student appreciates the procedures for 

maintenance of health and personal hygiene. 

3. The student understands the basic nature of 

pathogenic organisms and their significance in public 

health. 

4. To help students improve their home environment 

both now and later in life. 

5. To become familiar with biological facts which 

will lead to more healthful living. 

6. Current ideal of personal physical health involves 

an understanding of diet, exercise, and posture, endo-

crines, drugs, disease, heredity and mental health. 
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7. Understanding that diseases and disorders are 

the result of interference by factors which affect these 

processes. 

8. Understanding that vitamins, enzymes, and endo-

crines are regulators of these processes of life. 

9. Immunization and correction of diseases and 

disorders often may be obtained through the proper use 

of antitoxins, vaccines, drugs, and foods. 

10. Much of the commercial advertising of foods, 

antiseptics, drugs, vitamins, and other preparations is 

not supported by scientific data and is often diliber-

ately false, misleading, and sometimes detrimental. 

11. After the survey of the three kingdoms show 

the student's relationship to man emphasizing under

standing of their own body, sanitation, health, and 

first aid. 

Miscellaneous 

1. To cultivate an appreciation of beauty in 

nature. 

2. The student is aware of the function of 

biological processes in determination of behavior. 

3. The student possesses a basic understanding 

of the processes of reproduction and genetic inheri

tance. He can solve simple problems in genetics. 
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4. To cause students to advance in their ability 

to do group planning. 

5. To give students a better understanding of 

the world in which they live. 

6. To extend the elementary school science program. 

7. Increase and correlate the science experiences 

of students and make them aware of an ever-changing uni

verse. 

8. Develop the idea that science is a process 

rather than a product. 

9. To develop self-reliance in independent 

activities, laboratory procedures, note-taking and 

reading. 

10. To present scientific "truths" as relative 

truths in the face of constant change. 

11. To learn to apply the basic laws of biology. 

12. To develop an appreciation of the esthetic 

values of nature. 

13. To appreciate the economic values of biology. 

14. A balanced growth of individuality and the 

creation of power of intelligent self-control. 

15. Discrediting the misjudgment that there is 

nothing new under the sum. . . . Our understanding of 

livingness shows it to be continually changing and this 

is recognized when we speak of functions as life processes. 
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16. Promote the recognition and awareness of the 

uniqueness and worth of the individual as a counter

balance to the prevalent but lop-sided mechanistic view 

of life. 

17. Learn to work cooperatively with others 

through group activities. 

18. Gain growth in scientific attitude. 

19 Make phylvim-genetic approach to the animal 

kingdom. 

20. Make phylum-genetic approach to the plant 

and protist kingdoms. 
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APPENDIX III 

THE ACHIEVEMENT TEST 

ANALYSIS OF ACHIEVEMENT 

IN 

THE LIFE SCIENCES 

This test is designed to measure achievement related 
to the following objectives: 

scientific method 
ecology 
interest 
knowledge 

You should read each question carefully then answer the 
question by filling in the appropriate space on the 
answer sheet. 
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SECTION I: SCIENTIFIC METHOD 

The number of mice is largely dependent . . . on the number 
of cats; and Col. Newman says, "Near villages and small 
towns I have found the nests of humble-bees more numerous 
than elsewhere, which I attribute to the number of cats 
that destroy the mice." Hence it is quite credible that 
the presence of a feline animal in large numbers in a 
district might determine, through the intervention first 
of mice and then of bees, the frequency of certain flowers 
in that district! Darwin 

1. From the above statement it can be inferred that 
a. there is a link between cats and the abundance 

of certain flowers. 
b. there is a relationship between mice and certain 

birds. 
C. certain flowers are evolving into new species. 
d. certain flowers do not grow well near cities. 
e. cats kill bumblebees. 

A farmer who raises chickens noticed that on some days he 
would get more eggs than he would get on other days. He 
also noticed that on some days a light was left on in the 
chicken house. 

2. Whether or not there is a relationship between the 
light being left on and the number of eggs laid can 
best be described as 
a. a generalization. 
b. a problem. 
c. a hypothesis. 
d. an observation. 
e. an experimental control. 

3. The farmer wants to know what causes the hens to lay 
more eggs on certain days. This could be considered 
a. a generalization. 
b. a problem. 
c. a hypothesis. 
d. an observation. 
e. an experimental control. 

4. The chickens laid more eggs some days than others. 
This is 
a. a generalization. 
b. a problem. 
c. a hypothesis. 
d. an observation. 
e. an experimental control. 
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5. Birds may have evolved from reptiles. This statement 
can best be described as 
a. a generalization. 
b. a problem. 
c. a hypothesis. 
d. an observation. 
e. an experimental control. 

6. A biologist wants to know why geese migrate south for 
the winter months. This would be considered 
a. a generalization. 
b. a problem. 
c. a hypothesis. 
d. an observation. 
e. an experimental control. 

7. A farmer who raises corn noticed that some years he 
received a greater yield from a certain field than on 
other years. This can be classified as 
a. a generalization. 
b. a problem. 
c. a hypothesis. 
d. an observation. 
e. a controlled experiment. 

8. An experiment was performed using two groups of plants 
One group was given a chemical fertilizer and the 
other was not. The use made of fertilizer in this 
experiment is 
a. a generalization. 
b. a problem. 
c. a hypothesis. 
d. an observation. 
e. an experimental control. 

9. A farmer wants to know whether night time temperature 
has an effect on his cotton production. This state
ment represents 
a. a generalization. 
b. a problem. 
c. a hypothesis. 
d. an observation. 
e. an experimental control. 
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A cotton farmer noticed that some years his yield was much 
greater than it was other years for the same field. In 
order to try to find out why this was so he began collect
ing information. His information is summarized in the 
table below. Study the table then answer the questions 
which follow. 

Year 

Rainfall during 
growing season 

Mean temperature 
for the growing 
season 

Crop grown on 
field the 
previous year 

Number of insects 
during growing 
season 

Amount of 
fertilizer 
used 
Yield in bales 
per acre 

1950 

4 in. 

80° 

Clover 

Few 

Light 

4 

1952 

3 1/2 in. 

81° 

Corn 

Moderate 

Moderate 

3 

1954 

3 1/2 in 

79° 

Beans 

Few 

Light 

4 

1956 

1 in. 

80° 

Cotton 

Many 

Heavy 

2 

10. The factor which probably had the least effect in 
causing the yield to be low in 1956 was 
a. rainfall. 
b. temperature. 
c. insects. 
d. fertilizer. 
e. previous crop grown. 

11. Which factor can the farmer control if he wants to 
carry his investigation further? 
a. rainfall 
b. temperature 
c. yield 
d. amount of fertilizer 
e. the number of insects 
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A gcime ranger discovered a number of dead buffaloes in a 
certain park. He conducted an investigation and found that 
during the previous month there had been heavy rains. Tem
peratures had been warm, ranging from 85 degrees at night 
to 105 degrees during the daytime. There was a lush growth 
of grass in the area where the carcasses were found. He 
found a large number of dead grasshoppers in the grass, and 
where the ground was still soft he found wolf tracks. Ex
amination of the buffalo carcasses revealed that the animals 
were from 20 to 25 years old. (Buffaloes may live as long 
as 30 years.) 

12. From the information given it is most reasonable to 
suspect that 
a. wolves killed the buffaloes. 
b. whatever killed the grasshoppers also killed the 

buffaloes. 
c. the age of the buffaloes is related to their death. 
d. buffaloes cannot survive in high temperatures. 
e. the heavy rains contributed to the death of the 

buffaloes. 
13. The purpose of the game ranger' s investigation was 

a. to show that the buffaloes died of old age. 
b. to prove that wolves killed the buffaloes. 
c. to prove that buffaloes cannot live in hot 

temperatures. 
d. to show that wolves can kill buffaloes easier in 

tall grass than in short grass. 
e. to find out what caused the death of the buffaloes. 

14. A student wants to find out whether temperature is the 
cause of a seasonal color change in an animal which he 
is studying. He should 
a. study animals from different sections of the coun

try. 
b. study animals at different times of the year. 
c. collect live animals and study then in environments 

where only the temperature is allowed to vary. 
d. study animals from different sections at different 

seasons. 
e. mark a single animal and follow it throughout the 

year, recording its color and the temperature 
each time it is observed. 

A group of investigators studied Paramecium cordatum in their 
culture solution and in sodium chloride solutions of 0.5%, 
0.75%, and 1.0%. The rate at which the contracting vacuoles 
discharged water was determined, and it was found that the 
volume of water discharged could be compared with the volume 
of the Paramecium. A volume of water equal to the volume of 
a Paramecium was termed a "body equivalent" and the rate of 
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discharge was then reported in terms of "body equivalents" 
per hour. The table which follows is a summary of the 
results which the investigators observed. 

Concentration of Out-put in body 
NaCl equivalents per hour 

culture solution 
0.5% 4.8 
0.75% 1.38 
1.0% 0.16 

15. Which of the following questions best states the 
problem being studied? 
a. Does Paramecium cordatum discharge water through 

the contracting vacuoles? 
b. How much water is discharged by Paramecium cordatum 

during an hour? 
c. Does the amount of salt in the environment affect 

the rate at which Paramecium cordatum discharge 
water through the contracting vacuoles? 

d. Does a small Paramecium discharge water at the 
same rate as a large one? 

e. Does salt water have a harmful effect on most 
protozoans? 

16. Which of the following conclusions can be correctly 
drawn from the information obtained in this study? 
a. As salt content of the environment is increased, 

the rate at which water is discharged decreases. 
b. As salt content of the environment is increased, 

the rate at which water is discharged increases. 
c. Contracting vacuoles would be unnecessary if 

the Paramecium were placed in an environment 
containing more than 1% salt. 

d. The change in rate at which water is discharged 
is related to a change in the concentration of 
salt in the environment. 

e. Any protozoan would behave as the Paramecium 
did in this experiment. 

17. Which of the following statements might properly be 
made from the data yielded in the experiment? 
a. Other species of Paramecium would probably 

behave as did Paramecium cordatum. 
b. Aquatic environments with 1% or more of salt 

will not contain protozoans. 
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c. Fresh water is a more suitable environment than 
salt water for aquatic animals. 

d. Amoeba would discharge water less rapidly if 
they were placed in a salt water solution. 

e. Amoeba and Paramecium exhibit similar behavior 
in salt water solutions. 

An investigator was interested in finding out how protein 
is digested. He filled a glass tube 9 cm. long with the 
white from an egg. The tube with the egg in it was placed 
in boiling water for 30 seconds. The consistency of the 
egg changed to a solid. The tube was then cut into three 
equal sections which were labeled A, B, and C. Section A 
was placed in a beaker with 50 ml. of dilute hydrochloric 
acid, and section B was placed in a beaker with 50 ml. of 
pepsin solution. The remaining portion, section C, was 
placed in a beaker containing 50 ml. of a mixture of pep
sin and dilute hydrochloric acid. No change could be 
observed in sections A and B, but the egg in section C 
dissolved. 

Using the key below, select the classification which can 
best be applied to each of the following statements. 

KEY 
a. experimental design 
b. observation 
c. hypothesis 
d. inference 
e. generalization 

18. The consistency of the egg changed when the glass 
tube was placed in boiling water. 

19. The egg in section C dissolved. 

20. The egg in sections A and B remained unchanged. 

21. Each beaker contained 50 ml. of liquid. 

22. The glass tube was cut into three equal sections. 

23. Pepsin acts in an acid environment. 
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An investigator wants to determine whether a new treatment, 
X, has any effectiveness in reducing the incidence of skin 
cancer in rats. He divided 36 white rats, all of which had 
advanced cases of skin cancer, into three equal groups, 
A, B, and C. Group A was exposed to treatment X. Group B 
received treatment Y, which is the old method of treating 
skin cancer. Group C was left untreated. At the end of 
the treatment all but two of the rats in group A had fully 
recovered and the other two showed signs of recovery. Six 
of the rats in group B had made full recovery and another 
had partially recovered. In group C two rats had recovered 
and the others had grown worse. 

Using the key below, select the classification which can 
best be applied to each of the following statements. 

KEY 
a. experimental design 
b. observation 
c. hypothesis 
d. inference 
e. generalization 

24. One group of rats received no treatment. 

25. There were 12 rats in each group. 

26. All of the rats had cancer at the beginning of 
the experiment. 

27. Treatment X is more effective than treatment Y. 

28. Some rats recovered without treatment. 

29. The rats were divided into three groups. 

30. The control in the experiment is achieved by 
a. using rats instead of humans. 
b. using treatment X. 
c. using group C with no treatment. 
d. the recovery of two rats in group c. 
e. the recovery of most of the rats in group A. 
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Questions 1-4 refer to the following statement, 
statement carefully then answer the questions. 

Read the 

Hawks feed on small birds which eat spiders. Spiders feed 
on flies which infest cattle. Cattle feed on green plants. 

1. The above statement is an example of 
a. a food chain. 
b. science fiction. 
c. a scientific theory. 
d. a scientific law. 
e. evolution. 

2. If an insecticide is used to kill the flies, which 
of the following results is a possibility? 
a. The spider population may increase. 
b. The spider population may decrease. 
c. The grass will grow better. 
d. There will be more hawks. 
e. There will be more small birds. 

3. Suppose the spiders are removed. Which of the follow-
is possible? 
a. There will be more small birds. 
b. There will be more hawks. 
c. There will be more flies. 
d. There will be fewer flies. 
e. It will be easier to raise cattle. 

4. If a rancher wants to reduce the number of flies 
without using an insecticide, he could create con
ditions which would result in 
a. an increase in the number of green plants. 
b. an increase in the number of spiders. 
c. fewer small birds. 
d. fewer hawks. 
e. more cattle. 

5. A rancher wants to reduce the number of rats in his 
grazing land because he suspects that they carry a 
disease which is fatal to his cattle. He does not 
want to use poisons because of the danger to his 
cattle. Which of the following could help him solve 
his problem? 
a. Remove all the cattle from the area where the 

rats are located. 
b. Plow up the infested area. 
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c. Encourage an increase in the hawk population. 
d. Plant more trees. 
e. Invite hunters to hunt for coyotes on his land. 

6. In the South Plains region of Texas, land which was 
formerly grazing land has been converted to farming. 
As a result of the wide spread destruction of grass 
land one could also expect 
a. an increase in rainfall. 
b. a decrease in rainfall. 
c. an increase in bird population. 
d. a reduction of the human population. 
e. a reduction of the coyote population. 

7. Many of the lakes in this country have been "killed" 
by pollution. This means that 
a. there are too many rough fish in the lakes. 
b. these lakes are drying up. 
c. the balance of nature has been severely altered. 
d. the lakes have become salty. 
e. there is no outlet for the water to leave the lake. 

8. Which of the following has been shown to have the 
greatest damaging effect on the environment? 
a. carnivores 
b. weather 
c. man 
d. earthquakes and volcanoes 
e. insects 

9. Based on your knowledge of what is good for the environ
ment, which of the following would be most desirable? 
a. widespread use of insecticide to control insects. 
b. widespread use of public transit systems and a 

drastic reduction in the number of privately owned 
motor vehicles. 

c. construction of dams in most of the small streams 
to trap water before it reaches the larger rivers. 

d. widespread use of chemicals to control weeds in 
farm crops. 

e. increased use of chemical fertilizer to raise 
crop production. 

10. You are a member of the city council of a small town 
and must make a decision concerning the disposal of 
sewage for your city. Which of the following alter
natives will be least likely to cause harm to the 
environment? 
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a. Empty untreated sewage into a nearby river. 
b. Destroy the harmful bacteria then empty the 

sewage into a nearby river. 
c. Destroy the harmful bacteria and use the 

solid residue as fertilizer. 
d. Empty the untreated sewage into an uninhabited 

canyon. 
e. Require each resident to construct a cesspool. 

11. A researcher has determined that cotton grows best 
when the night-time temperature is between 75° and 
80° F. In the South Plains region of Texas, the 
night-time temperature frequently falls below 70° F., 
and seldom remains as high as 75° F. The amount of 
soil moisture is also important. However, in the 
South Plains region, irrigation can be used when 
rainfall fails to supply enough soil moisture. It 
is also known that cotton must be planted before 
June 15, in this region if it is to have sufficient 
time to mature and produce the maximum amount of 
cotton. Based on the information given here, which 
of the following conditions could cause farmers in 
the South Plains to change to some other crop? 
a. a slight increase in the average night-time 

temperature. 
b. a slight decrease in annual rainfall. 
c. a slight increase in annual rainfall. 
d. a slight drop in average night-time 

temperature. 
e. heavy rainfall during April 

12. West Texas is considered a semi-arid region. Which 
of the following could cause it to become a desert? 
a. an increase in the average annual temperature. 
b. the appearance of cactus and yucca plants. 
c. the disappearance of carnivorous animals. 
d. a decrease in the annual rainfall. 
e. drying up of the rivers. 

13. If a rain forest were to become a desert, a number of 
other changes would also occur. Which of the follow
ing changes would be related to something other than 
the change in climate? 
a. the kind of plants growing there. 
b. the kind of animals found there 
c. the length of days and nights. 
d. the average annual temperature. 
e. the average annual rainfall. 
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14. It has been noticed that the quail population is 
reduced sharply when large areas of grassland are 
plowed up. This change in the quail population 
could also be related to 
a. an increase in the number of insects. 
b. an increase in crop production. 
c. an increase in the number of foxes. 
d. an increase in the number of cats. 
e. the number of farm houses in the area. 

15. The diagram in Figure 1 illustrates the 
a. need for soil conservation. 
b. water cycle in nature. 
c. transformation of water into organic materials. 
d. need to conserve water. 
e. relationship between weather and life. 

16. Based on the information contained in the diagram 
in Figure 1, one could conclude that 
a. water is essential to life. 
b. water is lost if conservation practices are 

not employed. 
c. water is not lost in nature. 
d. most of the atmospheric water vapor comes 

from evaporation of ground water. 
e. animals use more ground water than plants. 

17. Based on the information contained in Figure 2 one 
could say that 
a. Plants release more carbon dioxide into the 

atmosphere than they remove. 
b. carbon can be traced through a cycle of 

transformations in nature. 
c. carbon dioxide in the atmosphere is increasing. 
d. carbon dioxide in the atmosphere is decreasing. 
e. respiration is the only means by which carbon 

dioxide is produced. 

18. The diagram in Figure 2 illustrates what is often 
termed the 
a. webb of life. 
b. conservation of matter. 
c. carbon cycle. 
d. oxygen cycle. 
e. conservation of energy. 
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19. The diagram in Figure 3 indicates that 
a. a nitrogen cycle exists in nature. 
b. animals use more nitrogen than plants. 
c. plants are the primary consumers of nitrogen. 
d. animals produce more protein than plants do. 
e. most plants get nitrogen directly from the air. 

20. If the nitrogen fixing bacteria were removed from 
Figure 3 
a. the number of green plants would likely increase 
b. there would be fewer animal diseases. 
c. there would soon be a shortage of green plants. 
d. there would be little change in nature. 
e. atmospheric nitrogen would decrease rapidly. 

SECTION III: INTEREST 

Indicate which of the following vocations you would prefer, 
Chose only one for each number and indicate your choice on 
the answer sheet. 

a. 
b. 
c. 
d. 
e. 

a. 
b. 
c. 
d. 
e. 

a. 
b. 
c. 
d. 
e. 

a. 
b. 
c. 
d. 
e. 

Architect 
Engineer 
Chemist 
Biologist 
Astronomer 

Writer 
Actor 
TV announcer 
Salesman 
Game ranger 

Math teacher 
English teacher 
History teacher 
Biology teacher 
PE teacher 

Musician 
Artist 
Dancer 
Veterinarian 
Carpenter 

8 

a. Sports editor 
b. News reporter 
c. Society editor 
d. Science editor 
e. Financial editor 

a. Statistician 
b. Stockbroker 
c. Research biologist 
d. Brick layer 
e. Plumber 

a. Bacteriologist 
b. Philosopher 
c. Poet 
d. Salesman 
e. Lawyer 

a. Forest ranger 
b. Policeman 
c. Pilot 
d. Military officer 
e. Diplomat 
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5. a. 
b. 
c. 
d. 
e. 

Band leader 
TV star 
Factor worker 
College professor 
Physician 

10. a. 
b. 
c. 
d. 
e. 

TV repairman 
Auto mechanic 
Medical technologist 
Electrical engineer 
Welder 

Indicate which of the following leisure activities you 
would prefer. Make a choice for each number and indicate 
your choice on the answer sheet. 

11. 

12. 

13. 

14. 

15. 

16. 

a. Birdwatching 
b. Playing golf 
c. Watching football 
d. Attending a concert 
e. Watching car races 

a. Building a stereo set 
b. Sketching wild animals 
c. Painting portraits 
d. Photographing children 
e. Repairing an automobile 

a. Collecting stamps 
b. Collecting coins 
c. Collecting butterflies 
d. Collecting antiques 
e. Collecting picture post cards 

a. Visiting an art gallery 
b. Visiting a newspaper press 
c. Visiting the state capitol 
d. Visiting a microbiologist's laboratory 
e. Visiting a military base 

a. 
b. 
c. 
d. 

e. 

a. 
b. 

c. 

d. 
e. 

Reading about 
Reading about 
Reading about 
Reading about 
personality 

Reading about 

a football star 
a famous politician 
a religious leader 
a well known TV or movie 

a famous biologist 

Listening to a debate on a political issue 
Listening to a lecture concerning a social 
problem 

Listening to a talk by someone who has 
traveled widely 

Listening to a discussion of a moral issue 
Listening to a discussion of how to 
photograph wild animals 
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Interest 

17. a. Watching a TV program about wildlife 
b. Watching a TV variety show 
c. Attending a western movie 
d. Watching the performance of a ballet 
e. Watching a televised football game 

18. a. Visiting a game preserve 
b. Visiting Six Flags Over Texas 
c. Visiting the national capitol 
d. Visiting a historical site 
e. Visiting a penal institution 

19. a. Reading a travelogue 
b. Reading science fiction 
c. Reading an adventure story 
d. Reading a novel 
e. Reading historical fiction 

20. a. Visiting a TV studio 
b. Visiting a weather station 
c. Visiting a museum of natural history 
d. Visiting the White House 
e. Visiting an automobile factory 

SECTION IV: KNOWLEDGE 

1. The cellular structure of cork was first described by 
a. William Harvey 
b. Robert Hooke 
c. Antoni van Leeuwenhoek 
d. Jans Janseen 
e. Marcello Malpighi 

2. The discovery and description of protozoa, bacteria, 
rotifers and other "animalcules" has been attributed 
to 
a. Robert Hooke 
b. William Harvey 
c. Louis Pasteur 
d. Robert Kock 
e. Alexander Fleming 
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Knowledge 

3. Organic catalysts which aid the digestion of food 
are known as 
a. hormones. 
b. gastric juices. 
c. enzymes. 
d. prothrombin. 
e. polypeptides. 

4. Certain glands in the human body produce chemical 
substances which are secreted into the blood and are 
transported to some other part of the body where they 
have a physiological effect. These substances are 
known as 
a. enzymes. 
b. triphosphates. 
c. hormones. 
d. vitamins. 
e. coenzymes. 

5. A digestive fluid which emulsifies fatty food mate
rials is 
a. auxin. 
b. DNA. 
c. insulin. 
d. bile. 
e. pepsin. 

6. Food is converted into energy by structures within 
the cell called 
a. lysosomes. 
b. Golgi bodies. 
c. ribosomes. 
d. genes. 
e. mitochondria. 

7. Charles Darwin is best known for 
a. the discovery of penicillin. 
b. the theory of evolution. 
c. the theory of relativity. 
d. the germ theory of disease. 
e. the Kon-Tiki expedition. 

8. Warm blooded animals are also said to be 
a. poikilothermic. 
b. homeothermic. 
c. mammals. 
d. carnivorous. 
e. terrestrial. 
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Knowledge 

9. Which of the following substances affects the rate 
of metabolism in the human body? 
a. insulin 
b. peptase 
c. ptyalin 
d. lymph 
e. thyroxin 

10. The hereditary traits which are passed from parents 
to their offspring are transmitted in units called 
a. zygotes. 
b. the Rh factor. 
c. genes. 
d. mitosis. 
e. mutations. 

11. The wave-like contractions which move food along 
the digestive tract are called 
a. vascular bundles. 
b. peristalsis. 
c. mutations. 
d. the bolus. 
e. ribosomes. 

12. Food and water are transported in the higher plants 
by the 
a. roots. 
b. stems. 
c. leaves. 
d. vascular bundles. 
e. cambium. 

13. Plants which are characterized by broad, net-veined 
leaves, and seeds which have two "seed leaves" are 
classified as 
a. monocotyledons. 
b. dicotyledons. 
c. gymnosperms. 
d. non-flowering plants. 
e. herbaceous plants. 

14. The union of an egg cell with a sperm cell results in 
a. reproduction. 
b. conjugation. 
c. a zygote. 
d. meiosis. 
e. osmosis 
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Knowledge 

15. Some chemical substances which are essential for good 
health cannot be manufactured by the body and must be 
ingested as food. These substances are called 
a. enzymes. 
b. coenzymes. 
c. hormones. 
d. vitamins. 
e. antigens. 

16. A digestive organ which produces digestive fluid which 
can act on fats, proteins and carbohydrates is the 
a. liver. 
b. adrenal glands. 
c. stomach. 
d. pancreas. 
e. gall bladder. 

17. The first successful vaccine for the prevention of 
polio was developed by 
a. Louis Pasteur. 
b. Jonas Salk. 
c. Robert Koch. 
d. Alexander Fleming. 
e. Wernher von Braun. 

18. Energy from sunlight is captured by green plants 
in the process of 
a. mutation. 
b. photosynthesis. 
c. respiration. 
d. biogenesis. 
e. mitosis. 

19. A structure known as the notochord is found among the 
a. protozoa. 
b. sponges. 
c. insects. 
d. echinoderms. 
e. tunicates. 

20. The chemical units which serve to transfer energy 
during metabolism are known as 
a. DNA. 
b. genes. 
c. ATP. 
d. chromosomes. 
e. DPN. 
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LETTER TO SUPERINTENDENTS 

Dear Sir: 

Today the public is demanding that educators be held 
accountable for the results of their instruction. There 
seems to be some suspicion that we are hiding behind our 
educational jargon. Some of us who are actively involved 
with curriculum and instruction feel that there is a need 
to study our instructional objectives in light of their 
attainment and attempt a determination of the effective
ness of our instruction. It is in this regard that I am 
seeking your assistance. 

A study is being attempted which will involve twenty 
Texas schools which will be chosen at random. The study 
will be limited to the life sciences, and the schools 
which participate in the study will be asked to identify 
their instructional objectives and to administer an 
achievement test to a single class at the eighth, tenth, 
and twelfth grade levels. The test will require about 
forty-five minutes of testing time. The data from the 
study will be used to determine which objectives are 
usually stated for life science courses, to determine the 
relative importance of each objective, to compare the 
level of achievement of each objective, and to indicate 
the feasibility of doing similar studies in other areas 
of instruction. 

If you are willing for your schools to participate 
in this study please complete and return the enclosed 
form indicating your willingness to participate and the 
identity of the persons who should be contacted. 

Sincerely yours. 

J. H. Law 
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AGREEMENT TO PARTICIPATE 

We are willing to participate in your study of the 
achievement of instructional objectives in life science 
You should contact the following: 

For 8th Grade 
Name 

School 

Address 

For 10th Grade 
Name 

School 

Address 

For 12th Grade 
Name 

School 

Address 

Signature 

Position 
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FOLLOW-UP LETTER TO SUPERINTENDENTS 

Dear Sir: 

A short time ago you received a letter from me 
inviting your school to participate in a study of 
the achievement of objectives in the life sciences. 
It is the conviction of some of us who are involved 
in curriculum and instruction in this area that 
such a study is needed, especially in light of the 
emphasis which is currently being given to the 
concept of accountability. Several objectives have 
been identified which appear to be common to most 
life science courses, and an attempt is now being 
made to evaluate the achievement of these objectives 
Enclosed you will find a brief outline which will 
give you more information about the design and 
purpose of the study. Also enclosed is a form which 
can be used to indicate the names of persons who 
should be contacted if your school participates in 
the study. If you are willing for your schools to 
participate in the study, please complete the form 
and return it to me. 

Sincerely yours. 

J. H. Law 
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LETTER TO TEACHERS 

Today we hear a great deal about accountability 
with the implication being that educators are not being 
held accountable for the results of their instruction. 
Before we can give an adequate answer to such charges 
we need to be able to identify the aims of our instruction 
and then attempt a determination of how well we are 
achieving these goals of instruction. Because the task 
of making such an evaluation for the entire curriculum 
would be enormous, a more moderate task is being under
taken as a beginning. A study is being conducted which 
will attempt to determine the objectives of life science 
courses and to evaluate the achievement of these objec
tives. The superintendent of schools of your school 
district has been contacted and has indicated that your 
district is willing to participate in this study. I 
have been informed that I should contact you for further 
assistance. 

Four objectives have been identified from a study 
of curriculum guides and an achievement test has been 
designed to evaluate the achievement of these objectives. 
The test consists of ninety multiple choice items and 
will require about forty-five minutes of testing time. 
The test should be administered to a single class at the 
eithth, tenth, and twelfth grade levels. Before I send 
the achievement tests and answer sheets I need to know 
the grade level and the number of students in the class 
to which you will administer the test, and which of the 
objectives are included in your course. This can be done 
by completing the enclosed form and returning it to me. 

I appreciate very much your taking time from a 
busy schedule to participate in this study. 

Sincerely yours. 

J. H. Law 
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QUESTIONNAIRE TO TEACHERS 

It is important that we know which of the objectives 

being investigated is included in your course, the number 

of students to be tested, and their grade level. Please, 

complete the following form and return it in the envelope 

which has been provided. 

Circle the appropriate grade level 8 10 12 

How many students will be in the class? 

Check the objectives which are included in your course. 

"The student will be able to use the scientific 
method to solve problems. (Scientific Method) 

The student will recognize the relationship 
between man and the environment. (Ecology) 

The student will demonstrate an interest in 
life science. (Interest) 

The student will develop a body of knowledge 
related to life science. (Knowledge) 

Signed 

School 






