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The effects c1 two different sn uences of instructional un!_ts

and two forms of co,tr 1 for within-unit experKence sequences on the

achievement and attitudes of students ia a college introductory biology

course were investigated.

In the exporiment, 376 undergraduate students studied five

instructional units through the audio-tutorial method during a five

week period. Instructional unitc included Photosynthesis, Respiration,

NLtosi and Meiosis, lenetics, and Control Mechanisms. In addition to

independent study sessio;ls (ISS), subjects attended a weekly discussion

period in which problems encountered in the ISS were discussed.

Instructional unit sequences included a Structure Based Unit

Sequence (SBUS) and a Test Determined Unit Sequence (TDUS). The SBUS

was based on an analys5A of major concepts included in the five

instructional units. lJn..ts including concepts considered prerequisite

to other units were put into the sequence on that bas s. The unit
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COB ic4ered to he dependent on

2

her four was given t, minal status

h- sey.,ence. The TDUS was _ased on results obtained from the

administraLion of an achievement pretest which included a scale for

each instr ctional unit. The TDU0 began with the unit on which subjec

scored high and moved progressively to instrurtional unite

represented by lo er mean achievement scores.

The two forms of cvntrol for within-unit experience sequences

were Teacner Directed Experience (TDE) and Student Selected Exper ce

(SSE ). TDE subjects followed a teacher-prescribed sequence while SSE

subjects used lists of objec em and related activities to select

within-unit sequences.

Upon completion of tbe experimental units, treatment groups did

not diffe'z' 'f'cantly in biology achievements or attitude toward the

biology course. Wben subjects in the SSUS and TDUS groups were compared

on the basis of average time used to complete instructional unit

significant differences favored the TDUS group by two to one. Both

groups used a greater amount of time to complete the umits they

encountered first in a sequence. SSE ssubjec-s used significantly more

time than TDE subjects on two 1. tructional units

Other findings included: (1) a combination of fact rs which

included S17-Mathematics sce,2e, grade point aver ge, and the score from

a biology achievement pretest were the best predictors of biology

achievement, (2) wItL in-uni experience sequences selected by SSE

ubjects were not similar to those presc ibed by an instructor for that

same uni subjects with high grade point averages used more time
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to comp.Le-tc instructional units and sxed higho- on the achievement

5-1:test than did low grade point average and (4) subjects

ia 11 treatment groups made higniy significant viins in achievement.
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Chapter 2

INTRODUCTION TO THE PROBLEM

Many types of instructional materials and a variety of audio-

tutorial egulpment are available for use in college general biology

courses. Items such as conceptopaks, rninlconrses, modules and complete

audio-tutorial packages provide those with a responsibility for teaching

biology tc general education students a rtal opportunity for innovative

instructi

A cursory inspection of what is now available might lead to the

impre ion that the real problem in biology teaching is to select the

right program or package. However, a closer examination quickly reveals

that there is really not much agreement as to how general biology should

be taught. Textbooks do not always include the same instructional units

and those that do often have them arranged in different patterns.

Moreover, the Caine is true within instructional units where the sequence

of experiences varies considerably from program to program.

There is nothing inherently wrong with a multiplicity of approa h

to biology teaching and the corresponding variety of available instruo-

tional materials. The real problem is our inability to effectively use

that which La available.
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It seems reasonable to say that :here is fairly unanimous agree-

ment among educators th t instruction should be geared to the individual

learner. However, observations of many biology classrooms and

laboratories indicate that we really do no know too much about how to

get the job done. Quite often all students arc expected to follow one

pattern in the instructional sequence and they are expected to progress

at fairly uniform rates. The pattern or sequence of events might be

that of a textbook, or one provided by the instructor which

is right.

This approach (authoritative) to course development is no longer

acceptable to many individuals. Miel (1966) suggests that students may

go through different sequences in arriving at similar points of under-

standing, and that there is real danger in insisting that large groups

of students follow indefensible sequences of instruction. She goes on

to say that our old ideas about the "best ordert in teacning are being

challenged.

Individualizing the rate of instruction is a problem that has a

t chnological solution. However, sequencirg instructional unite and

experiences within units is another matter. Bellack (1964:277) states

that it is necessary to go beyond sequencing that is based on tradition

or feelings.

he "feels"

Theore ical Basis Study

An examination of college biology textbooks written for general

education indicates that there is little or no agreement among textbook

writers as to the overall sequence for instructional units. Although

1 6
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there is probably better agreement concerning the sequence of concepts

within instructional units there is no uniform pattern of development.

If variety exists among biology textbooks, then it must also he

true that biology courses for non-science students are even more diverse.

College biology courses are de igned by individual r small groups of

instructors who are usually pr fes ional biologists. They develop

instructional units and complete courses on the basis of the way in

which they understand their discipline. In many cases, it is probably

fair to say, no real attempt is made to determine the effectiveness

of instructional programs prepared in this manner. Ilut even if evalu-

ative techniques are employed, the basic approach may be enti e-y

incorrect. Cree (1967:70-71) has suggested that:

The organization of instructional materials in accordance
with common sense prInciples or even in terms of the logic of
a subject natter may not necessarily be the best way to
organize a course fr m the viewpoint of the learner.

It could very well be that we have reached a point in the history

of undergraduate education whe a logical approach in coarse development

is no longer acceptable. It appears that, in the not too distant

future, the colleges and universities will have to provide evidence to

support the effectiveness of the programs and co ses that are a part

of their curricula. They will have to show that courses have been

properly conceived and dcveloped, and that the behaviors of students

enrolled in them change in a predictable and measurable manner.

At this point those who have been active in the area of programmed

instruction would say that there is really nothing unique about preparing

effective instructional materials. For example, Green (1967:70) states

17
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that program development requires a description of desirable end states,

some knowledge of the learner initial level of underst nding, and a

reasonable progression of steps leading to mastery.

Much that has been written about learning theory would seem to

support this approach. In the Sixty-third Yea book of the National

Society for the Study of Education, Bruner (19E4:313) makes the

following statement:

Instruction consists of leading the learner through a
sequence of statements and restatements of a problem or body
of knowledge that increase the learner's ability to grasp,
tranSform, and transfer what he is learning. In short, the
sequence in which a learner encounters materials within a
domain of knowledge affects the difficulty he will have in
achieving mastery.

In another publication Brune (l960:31) further emphasizes the impor-

tance of underlying principles and overall structure in the development

of a basic understanding of a subject.

Some of the major ideas presented by Gagne (1970:26-27) are very

similar to those of Bruner. Gagne also feels that knowledge acquisition

sequential and new capabilities are based on previously learned

capabilities. He suggests that there are a number of different types

of learning and that they are arranged in a hierarchy. Gagne also

agrees that the preparation of instructional materials must involve

content analysis .ind the designation of terminal behaviors.

A somewhat different approach to concept learning is described

by Ausubel (1968). In his principle of subsumption he contends that

learning is facilitated by the use of "advanced organizers." In other

words, new learning tends to be subordinate to mo e inclusive or gener 1

ideas that are already a part of cognitive structure. Although

18



Mechner (1967:81-103) does not refer t "advanced organizers" or the

subsumption principle his discussion of instructional sequencing clearly

parallels Ausubel's theory. Mechner refers to "backward fading" in

chaining. This involves teaching the last member of a chain first, then

the next to the last etc.

A theory of instruction which takes into consideration both the

nature of the subject matter and the events that occur in teaching has

been advanced by Anderson (1966a:289). Anderson defines le rning as

st ulus - response conditioning resulting in the production of chains

of responses. Th,' function of the teacher is to present information and

activities in a sequence that will promote desirable chain formation.

Anderson suggests that the sequence of presentation has a considerable

influence on the ease of response chain formation.

Thus it appears that, among educational theorists, there is

fairly good agreement that some type of cognitive structure must be a

part of the learning situation. Ausubel (1966:128) describes the

situation by stating that if cognitive structure is unstable ambiguous,

disorganized, it tends to inhibit meaningful learning. Anderson

(1969:227) goes a bit beyond the views of Ausubel by suggesting that a

structure does indeed exist and that in science the structure must have

a chronological basis. According to Anderson a curriculum which is

chronologically sequenced should facilitate the development of inquiry

skills and the retention of knowledge.

Although there is agreement that cognitive structure is important

to learning, there does not seem to be any real concensus conce ning the

nature of that structure. For example, Bruner (1964:319) says;

1 9



There are usually a variety of sequences that are equi7
lent in their ease and difficulty for learnerS. 'There is no

unique sequence for all learners, and the optimum in any
particular case, will depend upon a variety of factors,
including past learning, stage of development, nature of the
material, and individual differences.

In a discussion of Gagne hiera chy, Hilgard (1966:571) makes the

following observations:

. . it is by no means clear that a sequence of instruction
can be designed upon it [Gagne's hierarchy] or that that basic
notion is sound that the lower steps of the hierarchy have to
be mastered before the higher steps can be learned. There may
well be a cyclical development in learning, in which the various
stages repeatedly assert themselves.

The foregoing discussion indicates that there are many unanswered

questions that relate to sequencing in learning. Is there an ov rall

sequence that is more effective than others? If so, how can it be

defined for specific areas of instruction? Or, is it possible that the

arrangement of events in learning experiences is not really critical?

Obviously, answers to these and other questions can only be arrived at

by experiments aimed at specific subject areas and the various types of

students that are included in typical educational institutions,

Statement of the Proble

Maior Problem

For college students studying introductory biology in a course

for non-science majors, does the organizational sequence of instouctional

units a d the control (student vs. teacher) of the set:pence of

experiences within instructional units affect biology achievement

and student attitudes toward the biology coarse?

2 0
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Subproblems

For college students studying introductory biology in a general

education course taught through the audio-tutorial method:

1. Is biology achievement affected by the organizational

sequence of instructional units?

2. Does control (student vs. teacher) of the sequence of

experiences wIthIn instructional units affect biology achieve ent?

3. Is there an interact on between the organizational sequence

of instructional units and control (teacher vs. student) of the sequence

of experiences within instructional units that affects biology

achievement?

4. Is there a single characteristic, or a combined set of

char c eristics, that will reliably predict biology achieve nt?

5. When students are permitted to select the sequence of

experiences within instructional units, will their attitudes (toward

the course) differ from the attitudes of students following a teacher

directed sequence?

6. Does control (student vs. teacher ) of the sequence of

experiences within instructional units affect the amount of time required

to complete instructional units?

7. Does the organizational sequence of instruct onal units

affect the amount of time required to complete instructional units?

8. When students are permitted to select the sequence of

experiences within an instructional unit, will the sequence they select

be similar to the teacher directed sequence for the same unit?

2 1
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Assumptions

1. It is possible to devise and utilize several different

sequences of instructional units for a college introductory biology

course.

It is possib e to devise and utilize a teacher directed

sequence of experiences within the instructional units included in a

college int oductory biology cours

3. The entry level biology achievement of students enrolled in

a college introductory biology course can be measured.

4. Instruments that measure biology achievement and student

at udes toward a college introductory biology course can be developed.

5. When gilv the opportunity, students in a college introduc-

tory biology course will select a within-unit experience sequence.

Limitations

1. Subjects were limited to students enrolled in Basic Biology

at Shippensburg State College during the 1972-73 academic year.

2. Discussion group meetings were taught by eight different

instructors.

3. Instructional unite included in the study were traditionally

oriented (did not emphasize human biology, population problems, ecology,

etc ).

Delimitations

I. Important cognitive and non-cognitive outcomes of the

learning process other than biology achievement and sUbjec ttitudes

22



towa d a biology course were not considered.

2. Only selected instructional units were included in the study.

Definitions of Terms

1. Instructional unit - a major segment of study included in

many college introductory biology courses (cell structure and function,

genetics, respiration, etc.).

2. Structure based unit sequence - an arrangement of instruc-

tional units which begins with a unit which includes major concepts that

are considered prerequisite to other units and moves progressively

through units of increasing conceptual sophistication to a terminal

unit which is structurally dependent on those which precede it.

3. Test determined unit sequence - a sequence of instructional

uni s which is based on results obtained from an achievement pretest.

Mean achievement scores for instructional units (which are represented

by test scales) are used to arrange units in a sequence which progresses

from high to low achievement.

4. Teacher directed experience - an arrangement of experiences

within an instructional unit based on an analysis of concepts included

in each instructional unit.

S. Student selected experience - an arrangement of experiences
fi

within an instructional unit resulting from student selection of major

objectives and related learning experiences.

6. Learning experiences - activities that constitute an

in tructional unit (observing demonstrations reading, listening

viewing films etc.)
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7. Achievement - knowledge attained or skills developed in school

subjects, usually designated by test scores or marks assigned by teachers.

8. Attitude - a readiness to act toward or against some -itua-

tion, person, or thing in a particular manner.

Hypotheses

For college students studying introductory biology in a general

education course taught through the audio-tutorial method:

1. The organizational sequence of instructional units does not

affect biology achievement.

2. Control (student vs teacher) of the sequence of experiences

within instructional units does not affect biology achievement.

There is no interaction between the organizational sequence

of instructional units and control (student vs. teacher) of the sequence

of experiences within instructional units that affects biology achievement.

4. For coll ge students studying introductory biology in a

general education course taught through the audio-tutorial method, there

no single characteristic, or set of combined characteristics, that

will reliably predict biology achievement.

5. Control (student vs teacher) of the sequence of experiences

within instructional units does not affect students' attitudes toward

the biology course.

6. The organizational sequence of instructional units does not

affect the amount of time required to complete instructional units.

7. Control (student vs. teacher) of the sequence of experiences

within instructional units does not affect the amount of time required

to complete instructional units.

2 4
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S. Sequences of experiences within specific instructional

units that are selected by students will not be similar to teacher

directed sequences for those same units.

Description of Ba ic Biology Course

At Shippensburg State College Basic Biology is a general

education course for non-science students. Each semester it is taken by

350 to 500 students from the broad fields of teacher education (elemen-

tary and secondary) and the arts and sciences curriculum. The course is

one semester in length and, during the experimental period, it included

the following instructional units:

1. Chemical Basis of Life.

2. Cell Structure.

Movement of Materials.

4. Photosynthesis.

5. Respiration.

6. Mitosis and Meiosis.

7. Genetics.

8. Control Mechanisms.

9. Animal Reproduction and Development.

10. Evolution.

11. Ecology.

With the exception of Ecology all instructional units were one week in

length. Three of the eleven units (Chemical Basis of Life, Evolution,

and Ecology) were taught through a conventional le ture-discussion

approach. All remaining units were taught through the audio-tutorial

approach.

25
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During the weeks that instructional units were taught through the

audio-tutorial approach subjects attended an independent study session

(ISS) and a small group (30 students) discussion period. The ISS area

was available during daytime and evening hours on Monday, Tuesday,

Wednesday, and Thursday each week. Independent study sessions were

approximately two hours in length. During the ISS subjects listened

to audio tapes; read from textbooks, manuals, and mimeographed sheets;

engaged in experimental activities; and observed demonstrations and

short films. All of the subject matter considered in the course wa

included in the ISS. Discussion periods were 50 minutes in length and

provided students with an opportunity to discuss those items included

in the ISS. The seventeen discussion groups were taught by eight

di ferent instructors.

Th..3 instructional units titled Photosynthesis, Respiration,

Mitosis and Meiosis, Genetics, and Control Mechanisms were included in

the experiment.

26



Chapter 2

REVIEW OF %MATED STUDIES

or Sources of Information Consulted

A syste atic review of the following broad sources of informa-

tion was conducted.

1. ERIC Educational Documents Index CCM Information Corp.,

New York.

2. Current Index to Journals in Education, CCM Information

Corp., New York.

3. Handbook of Research on Teaching (edited by N. L. Gage),

Rand McNally and Co., Chicago, Illinois, 1963.

4. Dissertation Abstracts, University Aicrofilms, Ann Arbor,

Michigan.

5. Encyclopedia of Educational Research, American Educational

Research Association, The Macmillan Co., New York, 1960.

6. Education Index, The H. W. Wilson Co., New York.

7. Readers Guide to Pe iodical Literatu e The H W. Wilson Co.,

w York.

Review o Educational Research, American Educational

Research Association (NEA), Washington, D. C.

Psychological AbStracts, American Psychological Association,

Lancas er_ Pa

13
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Categories of Research Studies Reviewed

Studies included in th

following areas:

1. Sequential Learning.

2. Lear __ Cont ol of Inst uction.

3. Effect of Instructional Method on Achievement.

4. Student Characteristics as Predictors of Achievement.

5. Effect of In-truetional Method on Students' Attitudes

Towards a Course.

6. Student Charac stic,-. as Learning Variables.

7. Individualized Instruction.

iew were assigned to one of the

Sequential Learning

From available studies of sequential learning, several represent

tests of Ausubel's advanced organizer theory. For example, Ausubel and

Fitzgerald (1962) investigated the relationship between background

knowledge, antecedent learning, EL d sequential verbal learning. College

students were asked to learn two sequentially related passages from the

subject of endocrinology. Results of the study indicated that

(1) background knowledge was helpful in learning the first pa age,

(2) knowledge of the first passage was important in learning the second

passage, and (3) advanced organizers enhanced the learning of students

with relatively poor verbal abilities.

The effect of advanced organizers on the acquisition and

retention of knowledge ha- also been tested by Kuhn (1967). Subjects in

Kuhn's study were elementary education majors enrolled in a college
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biology class. Results indicated that the acqu sition and retention of

meaningful material was enhanced by the use of organizers. Kuhn also

found a significant relationship between acquisition and retention of

knowledge and analytical ability.

Grotelueschen and Sjogren (1968) have tested the effect of

structure and sequence in a learn ng experience on ability to perform

related learning tasks. Experiments were conducted with adults and

graduate students. Subjects were required to complete an introductory

mathematics program prior to-completion of a related task. Introductory

materials varied in structure. Related tasks were sets of paired

associates which varied in degree of sequence from complete, through

partial, ,;ci no sequence. The invest gators concluded that (1) intro-

ductory materials do facilitate learning of a number base concept, and

(2) partially sequenced materials had a facilitating effect on transfer.

In a study reported by Pella and Triezenberg (1969), three

different forms of an advanced organizer were tested. Students in

grades seven and nine were taught ecological principles through use of

a Mobile Video D stribution System. The concept of equilibrium was

the basis for the advanced organizer. Modes of presentation included

(1) verbal, (2) verbal supplemented with sketches, and (3) verbal

supplemented with a mechanical model. Following a uniform int-oductory

lesson, subjects in the thr-- treatment groups were exposed to eight

lessons on ecological subjects that involved the concept of equilibrium.

All lessons contained the same basic concepts--the difference between

lessons was in the way in which the advanced organizer was utllized.
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Conclusions included:

1. working mode - for advanced organizers were more effective

n promoting studenL achievement at the comprehension level.

2. advanced organizers produced hIgher mean test scores in

grade 9 than in grade 7 at the knowledge level for all pupils, and at

the comprehension level for pupils of high and ave/age ability.

In a study invo ving fourth, fifth, and sixth grade sci

students, Pyatte (1968) investigated the effects of unit structure on

achievement and transfer. Structured units were based on Gagne's

hierarchy. Pyatte concluded that there was no evidence to support the

idea that teaching based on the structure of science is important. He

found that grade level and ability were more significant to achievement

than structure or mode of presentation.

Gagne's Hierarchical Learning Theory also served as a

theoretical basis for a study conducted by Tamppari (1969). Principles

related to photosynthes s were arranged in a sequence and tested on

fifth, seventh, and ninth grade students. Tamppari found that achieve-

ment was directly related to grade level and that male subjects in

grade nine outperformed females. He concluded that while it is possible

to construct a model for biology curriculum development by organizing

a hierarchy of pertinent concepts and principles, the regular curriculum

being utilized by subjects had not been based on psychological theory.

Anders n (1967-1968) used programmed materials to investigate

the effects of varying the structure of science content on the

acquisition of science knowledge. Subjects were junior high school

students with above average ability. Anderson found that programs with
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decreasing levels of structure resulted in a decreas in knowledge

acquisition. In an earlier study Anderson (1r;66b) had obtained similar

results.

Much of the experimental wo k relatcd to -equential learning has

been done by investigators working -ith various types-of autoin uctional

programs. For exl ple, Roe (1962) and several colleagues investigated

the effect of scrambling the internal sequence of a progra: titled

El mentary Probability on the number of errors made during instruction,

total time required to complete the program, and achievement. Subjects

were college student_ enrolled in a p.ychology class. A control group

used the regular program which was "logically" sequenced. Statistical

tests did not reveal significant differences between the experimental

and control groups on any of the dependent variables.

Levin and Baker (1963) have also investigated the effect of

scrambling the sequence of items in an Snstructional program. Subjec

were second grade students who used teaching machines to study an

elementary geometry unit for fift en minutes each day during a 17 day

period. Items in three blocks within the program were scrambled fo

subjects in the experimental sroup. Controls studied the standard,

logically sequenced program. At the conclusion of the experiment.

subjects in the experimental and control groups did not differ

significantly in median number of e--ors, mean work time, or achievement.

A study of sequencing in the area of economics was conducted by

Newton and Hickey (1945). The program utilized was on the subject of

Gross National Product and included three major sub concepts. Programs

containing different arrangements of sub-concepts were given to 132
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college student. enrolled in an introductory psychology course.

Foll -ing complet on of the prog am, which required one class period,

subjcct were tested ror achievemeat wita a te- item multiple choice

test. Treatment groups did not differ c.1 nificantly in achievement or

number of errors made d _ing instruction. The investigators found that

the amocnt of time '4.'equired to complete the program was related to the

sequence of the sub-concepts.

Payne, Krathwohl, and Gordon (1967) explored t3)e effect

different amounts of scrambil g within a series of prrams, on

achievement. The three programs used in the study dealt with the basic

concepts of educational measurement. One treatment group was given three

scrambled programs and another was gi,e- three L;tandard, logically

sequenced programs. Other treatment groups were given different

combinations of scrambled and standard programs. Following the

experiment, none of Lhe treatment groups was significantly better in

achievement.

A sequencing study which involved two very different subject

areas was conducted by Wodtke, Brown, Sands, and Fredericks (1967). A

mathematics program which had a very definite progressive sequence

(hierarchical structure), and a program on the anatomy of the ear were

included in the two part experiment. Experimental groups were given

scrambled programs and controls used standard programs in both parts of

the exper ment. Although it was anticipated that scrambling would have

a more detrimental effect on a program with an inherent hierarchical

structure, this was not found to be true. Control and experimental

groups did not differ significantly in achievement in either of the
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experim, ts. In the mathematics part of the experiment subjects using

scramb3ea snqu-nces uPed nificantly more time and made m .re errors

than ls. Similar diffc:-nces wnrc not found in the au.it,Jily

experiment.

The effectiveness of two different sequence patterm- in teaching

fifth grade science students multiple discrimination tasks has been

tested hy Short and Haughey (1966). In the multiple concept approach

two concepts were introduced simultaneously at a very general level,

followed by greater detail. In the single concept approach, one concept

was introduced and taught in detail prior to the introduction of the

second concept. During d five day period subjects were taught the

characteristics of vertebrate animals through use of a slide-audiotape

prcsentation. At the conclusion of the experiment subjects who had used

the multiple concept approach made sign ficantly higher scores on the

posttest and retention test.

Summary

Studies by Ausubel and Fitzgerald; Kuhn; Grotelueschen and

Sjogren; Pella and Triezenberg; and Anderson lend support to the idea

that sequence is important in the mastery of subject matter. Pyatte's

study appec,rs to contradict this idea.

In the area of programed instruction the work of Roe, Levin,

and Baker. Newt n and Hickey; and Payne, Krathwohl, and Gordon suggest

that sequence (in short instructional programs) does not affect student

achievement. Wodtke, Brown, Sands, and Fredericks found no significant

difference in achievement when subjects using a scrambled form of a math
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program, thrt had a definite hierarchical structure, were compar d wi.th

subjects using a standard form of that same program. In another part of

thr ',mile experiment Wodtke's group irrrestigated the effect of scrambling

on a program which did not possess a hierarchical structure. When

subjects using scrambled programs were compared with subjects using

standard programs, non signiFicant differences in achievement and time

wrre obtained. This study provides limited support for the idea that

sequence might be important in some instructional proL,rams but not in

others.

Wodtke also found that subjects using scrambled forms of the

math program used a significantly greater amount of time, Wodt3,e's

findings on time utilization are in fairly good agreement with those of

Newton and Hickey who found that the amount of time requi ed to complete

the program on Gross National Product was related to the arrangement of

subconcepts in the program. However, studies by Roe, and Levin and

Baker produced nonsignificant differences when the effect of scrambling

on time utilized in the completion of programs was analyzed.

Learner Control of Instruction

Very few studies that involve learner control of the instruc-

tional sequence have been reported. A training program for engineers

(recent graduates preparing to begin industrial assignments) has been

described by Mager and McCann (1961). Subjects were given a detailed

description of the course objectives and information concerning a va iety

of resources. They were then permitted to select the activities and

sequences which they preferred. Result_ included (1) training time was
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reducd by approximately 50%t and (2)

21

inees were as good as or better

than those prepared through the conventional program.

Olson (1957 ) compared the effoc_ivenoss of two methods of

notion in a college biology course . When students in a "-tudent-

centered" or permissive subgroup were contrasted with those in a

"teach --centered" or authoritarian subgroup, it was found that the

cont- Is (teacher-centered) outperfo -ed the experimentals on subject

matter tests. In a study in which biology students were gradually

given grei- . responsibility for planning learning experiences, Brown

(1966) found that the po- test achievement scores of subjects were above

predicted scores of students with comparable scholastic ability from

randomly selected schools.

Rainey (1965) has investigated the effects of directed and non-

ected laboratory work on the achievement of high school chemistry

students. Four classes were .eparated into directed and non-directed

groups. The directed groups completed activities that were based on

detailed instructions. Students in the non-directed groups were -imply

given a problem to solve. Both gr ups were present during recitation-

discussion periods. Results of the study indicated that control and

experimental groups did not differ significantly in terms of knowledge

of principles and descriptive chemistry.

The effect of self-directed study on achievement has also been

tested by Hovey, Gruber, and Terrill (1963). This study compared the

lecture approach with self-dLlected small groups. Subjects we e college

students in an educational psychology course. Although the students in

the self-directed groups were slightly superior to those in the lecture
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groups there was no significant difference in the mastery of coursc

material.

Judd, Bunderson, and Bessent (1970) studied the effects of

learner control of inst uction with three remedial mathematIcs progr

Sub1ects were college students who used computer assisted instruction to

study Exponents, Logarithms, and Dimensional Analysis. Four levels of

control which ranged from full learner to full program control were

built into the experiment. While subjects in the full learner control

group had the option of rmitting segments of the -.(pgram, subjects in

the full program control group were required to complete all of the

programs. Subjects in groups that were intermediate in control had less

freedom than subjects in the full learner control group but more freedern

than subjects in the full p ogram control group. Statistical tes

revealed (1) treatment groups did not differ significantly in the amount

of time used to complete the program, and (2 ) there was a very small but

significant difference in achievement, which favored the learner cont ol

group, for the unit on exponents. The inve tlgators concluded th t

control of instruction did not contribute substantially to student

achievement.

A Gagne-type sequence and a student controlled instructional

sequence were compared in terms of their contributions to achievement

by Oliver (1971). Subjects were college students who used computer

assisted instruction to study "imaginary science." Oliver found that

learner controlled sequences _esulted in poor performance on a criterion

measure. The Gagne sequence resulted in fewer errors but did not give

subjects a significant advantage on the criter:_on measure. Caiver
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concluded that the instructional sequence for relatively short programs

may be unimportant.

In a similar study that preceded Oliver's, Campbell and Chapman

(1967) explored the effect of learner vs program control of instruction

on achievement. In the experiment 216 fourth and fifth graders studied

geography through tbe use of prog-nam d materIals for one school year.

Although subjects in the learner control group made a significantly

greater gain from pretest to posttest on an interest survey instrument,

learner and program controls did not dif er significantly in achievement.

A study that compared the effects of the lecture approach and

independent study on student achievement was conducted by Stavick (1971).

College students in a general education biology course were subjects in

the experiment. They were pretested and posttested for achievement with

the Nelson Biology Test. Treatmant groups did not differ significantly

in biology achievement at the conclusion of the study.

SETaln

The investigation conducted by Mager and McCann provides support

the hypothesis that learning is enhanced when students are permitted

to determine the approach they use in a learning experience. Studies by

Olsen; Brown; Rainey; and Hovey Gruber, and Terrill do not support this

same hypothesis.

Studies involving various forms of self-instruction have also

produced conflicting results. Oliver found that subjects in "learner

control" groups performed poorly on a criterion measure. Campbell and

Chapman determined that although learner control groups made large
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gains in achievement, they were not significantly better than controls.

Judd, Bunderson, and Bessent reported a small but significant difference

in achievement, which favored the learner control group, in one of three

math pr grams used by subjects in an experiment involving computer

assisted instruction. Treatment groups did not differ significantly in

time used to complete the programs.

Effect of Instructional Method on Student
Achievement in Introductory College_ _ _
Biology Courses

Many studies that compare conventional biology instruction

(lecture-laboratory) with the audio-tutorial approach have been reported.

Sparks and Unbehaun (1971) compared the effect of audio-tutorial

and conventional instruction on the achievement of college biology

students. The audio-tutorial students had a large group meeting, an

independent study session, and a discussion period each week.

Conventional classes attended three lectures and a two hour laboratory

each week. Although all students in the study showed significant gains

in achievement, the control and experimental groups did not differ

significantly.

The effect of audio-tutorial and conventional instruction on

biology achievement has also been investigated by Grobe and Sturges

(1373). Subjects were college students who were non-science majors.

The experimental (A-T) and control groups were exposed to the same

content for the same length of time. When the control and experimental

group were compared on the basis of posttest achievement scores, they

were not significantly different.
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Similar -tudies comparing the audio-tutorial and conventional

methods of biology teaching have been conducted bv Mitchell (1971),

Quick (1971), Mimes (1971), and Russell (1968). The biology courses in

these studies were of the introductory type. While Mitchell found no

significant difference in achievement for audio-tutorial and conve tional

groups, Mimes reported a significant difference in achievement which

favored the A-T group (the significant difference was obtained in the

second semester of a two semester study),and Quick reported that A-T

subjects achieved at a higher level than conventional subjects on a test

of biological facts. Himes also reported that male A-T subjects

outperformed malL subjects in the conventional instruction group.

Russell, on the othel hand, found that subjects in the conventionally

instructed group scored significantly higher than subjects in the A-T

group on the Nelson Biology Test.

A study which compared audio-tutorial and conventional instruction

as methods of instruction for a course in plant physiology has been

reported by Merinos and Lucas (1971). Forty-six college sophomores were

separated into a control group, which had two lectures and one three-hour

laboratory each week, and an experimental group which utilized an "open"

A-T laboratory and attended a one-hour seminar each week. At the end

of the nine week period A-T subjects did better on the achievement test.

However, achievement differences were not significant.

The effect of two different types of audio tape presentations on

student achievement has been investigated by Hoffman and Druger (1971)

Students in a college gene al biology course were divided into direct

and non-direct groups. Direct groups received lessons that were
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descriptive. Non-direct groups we e taught through a lec u -question-

answer method. Both groups completed the same units of instruction.

Although students in the non-direct group performed significantly better

on a test of probleth solving ability, the groups did not differ signifi

cantly on tests that mea u ed the retention of facts and concepts.

Simons (1972) has compared the relative effectiveness of audio

tapes ald written scripts in teaching biology to college students

Units on genetics and developmental biology were taught during a six

week time pe iod. Following instruction, subjects in the treatment

group that used audio scripts performed at a significantly higher level

on an achievement test for the unit on developmental biology. No

significant difference in achievement was found for the genetics unit.

Simons also determined that subjects with high scholastic aptitude did

well regardless of treatment.

In a study by Strickland (1971) programed instruction and the

lecture approach were compared. College students in two general biology

classes served as subjects. Strickland found that subjects in the group

that used programed instruction scored significantly higher on a biology

achievement test.

Shanon (1968) has also compar d two different approaches to

teaching college biology classes. A conventional recitation-laboratory

group was compared with an integrated, independent study group. Shanon

found that the conventional approach was more effective in helping

students to learn facts and principles.

Alternative methods for teaching general biology to large groups

of college students have been studied by Bell (1970). Bell compared the
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lecture approach (free meetingz per week) with a variety of other

methods. These included optional attendance,

seminars, and tutoring by peers.

available to all subjects. On a

Audio tapes

content type

assigned readings,

from lectures weie

final examination
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made

ubj ec

in all of the experimental groups scored significantly higher than

control subjects.

The effectiveness of closed circuit television (CCTV) as a

method for college biology instruction has been tested by Madson (1969).

During the quarter that the experiment was conducted all subjects

(college freshmen) attended one three-hour laboratory each week. In

addition Group A attended three CCTV sessions and a one hour discussion

period, Group B had three live lectures (by the CCTV instructors) and a

discussion period and Group C had three CCTV sessions. Results

obtained from achievement tests showed no statistically significant

difference in achievement between treatment groups.

The effect of the verbal behavior of biology instructors of

college introductory biology courses on student achievement has been

investigated by Sayer, Campbell, and Barnes (1972). Interaction analysis

was used to identify three instructors who were instructor-centered and

three who were student-centered. An achievement posttest based on the

first four levels of Bloom's Scale was used to compare subjects in the

two treatment groups following instruction. The groups did not differ

significantly in biology achievement.
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Summary

Most of the studies that have compared audio-tutorial with

conventional (lecture-laboratory) biology instruction (Sparks and

Unbehaun; Grobe and Sturges; Mitchell; and Merinos and Lucas) have

reported no significant difference in biology achievement. However,

Mimes found that A-T subjects scored significantly higher during one

semester of a two semester study, and Quick reported that A-T subjects

achieved at a higher level than subjects in conventional groups.

Russell, on the other hand, found that conventional subjects signifi-

cantly outscored A-T subjects. In another audio-tutorial study, Hoffman

and Druger found that direct and non-direct tapes did not significantly

influence achievement. Simons found that students who used audio

scripts were significantly higher on an achievement test than students

who used audio tapes

Significant differences in achievement, which favored experi-

mental groups, have been reported by Strickland who compared programed

instruction with the lecture approach, and Bell who compared a variety

of instructional formats with the lecture approach. Shanon found that

conventionally taught subjects scored significantly higher on achievement

measures than subjects who participated in independent study. Madson

who compared closed circuit television and the lecture approach, and

Sayer, Campbell, and Barnes who compared teacher centered and student

centered instructors found that treatment groups were not significantly

different in performance on achievement measures.
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Student Characteristics as Predictors of

Achl"ment5trL'aductor
Biology Courses

The relationship between student abilities and achievement in

college introductory biology courses has been investigated by Meleca

(1968), Sherrill and Druger (1971), and Grobe (1970). Meleca's study

involved students enrolled in a course that was taught through an auto-

instructional approach. He found that mathematics and biology aptitude

scores were good predictors of biology achievement. Sherrill and Druger

concluded that mathematics aptitude was the best predictor of biology

achievement. However, Grobe reported that student aptitude was not a

good predictor of biology achievement and that high school science

background was not significant in the p omotion of biology achievement

for students using the audio-tuto ial approach.

Scott (1966) attempted to identify predictors of success in

science and math by comparing student performance in high school

and math with performance in college science and math.

college

science

Statistical tests on data collected from the records of 1,095 college

graduates resulted in the following conclusions.

1. average high school mathematics grade is a good predictor of

success in co/lege science and mathematics.

2. in general, high school science grades are good predictors

of college science grades.

Findings of Tamil' (1968), in a study that examined the influence of high

school science background on performance in a college introductory

biology course, are in agreement with those of Scott. Tamir found that
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students who had not taken high school biology and chemistry were

severely punished in college introductory biology.

In a recent review of research related to Ausubel's theory of

learning, Novak, Ring, and Tamir (1971) list high school biology achieve-

ment as the best predictor of college biology achievement, and high

school chemistry achievement as the best predictor of biology achievement

for college freshmen.

Summary

Results of most of the studies that have explored student

characteristics as predictors of biology achievement support the idea

that math and biology aptitude are good predictors of biology achievement

and that achievement in high school science is directly related to

achievement in introductory college biology courses. However, results

obtained by Grobe indicate that student aptitude and prior coursework

in science are not always effective predIctors of achievement in college

introductory biology courses.

Effect of Instructional Method on Students'
Attitudes Toward a _College IntroductEz
Biology

Several investigators who have compared conventional (lectu e-

laboratory) instruction with the audio-tutorial (A-T) approach have

reported an improvement in student attitudes toward the A-T approach.

Although differences in mean attitude score for treatment groups

not reported as significant, Mimes (1971) found a "favorable response"

to A-T, and Quick (1971) detected a "high level of satisfaction" for

A-T subjects. Simons (1972), who compared the effectiveness of audio

ere
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scripts and audio tapes, found that treatment groups differed signifi-

cantly in attitude toward the biology course and that the difference

favored the treatment that had been given first. Hoffman's study

(1969), which compared the eff ct of direct and non-direct tapes on

students' biology achievement, produced a significant shift in the

attitudes of subjects (in both treatment groups) towards A-T instruct on.

Inve tigations involving a variety of instructional approaches

have produced conflicting results concerning students' attitudes toward

a biology course. Wodtke, Brown, Sands, and Fredericks (1967) found no

significant difference in attitude toward CAI when subjects who had

used scrambled programs were compared with subjects who had used

traditional programs. Bell (1970) also reported no sIgnificant diffe

ence in attitudes when subjects who had been taught through the lecture

approach were compared with subjects who had been exposed to a variety

of instructional approaches that did not include lecturing. In a study

which included closed circuit television, Madson (1969) found that

subjects whose only contact with an instructor was in the laboratory

had positive attitudes toward laboratories. Madson also found that

subjects who had been provided with "live lectures" had more positive

attitudes toward lecturers than subjects who studied through the use of

closed circuit television.

Summary

Researchers who have compared the audio-tuto al (A-T) approach

with c nventional instruction (Himes and Quick) report attitudes that

are favorable to the A-T approach. Simon, who compared the effectiveness
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of audio scripts and audio tapes, found significant differences in the

attitudes of subjects which favored the instructional method that they

had used first. Hoffman determined that both direct and non-direct

audio tapes had a positive effect on the attitudes of subjects toward

A-T instruction.

The effect of instructional method on students' attitudes toward

a course or instructional program has been investigated by Bell; Madson;

and Wodtke, Brown, Sands, and Fredericks. Bell found no significant

difference in attitude resulting from subjectst participation in a

variety of instructional procedures. Similar results were obtained

by Wodtke's group when subjects using CAI to study progra s \ith

different internal sequences were compared. Madson found that subjects

whose only contact with their instructor was in a laboratory, had

positive attitudes toward laboratories and subje ts who had been taught

by "live" lecturers had more positive attitudes toward lecturers than

subjects who had studied through the medium of closed circuit

television.

Student Characteristics As Learning
Variables

Many investigators who have examined plssible relationships

betw en personality variables and achievement have utilized the medium

of Computer Assisted Instruction (CAI). For example, Tobias (1972)

studied the effects of distraction, response mode, and anxiety on the

achievement of college students who studied heart disease with a CAI

p ogram. Distraction was in the form of nonsense syllables that were

periodically flashed on terminal screens. Subjects in the distracted
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treatment group were expected to memorize the nonsense syllables while

studying the regular program. Response modes included reading and

constructed response (subjects had to respond overtly by typing a

message). Tobias found that subjects who constructed responses had

high anxiety levels and that distraction did not affect achievement.

Tobias also found that construction of responses led to higher

achievement.

In a study that preceded the work of Tobias, O'Niel (1970 ) also

found that constructed responses produced high state anxiety. However,

O'Niel did not find significant differences in achievement for

constructed response and reading response subjects. ONiel's study also

involved college students who studied heart disease through CAI.

Because constructed response subjects took almost twice as much time

as reading re ponse subjects to complete the CAI program, O'Niel

repeated the study with a shorter version of the program. He found

that shortening the program did not reduce state anxiety for constructed

response subjects. O'Niel concluded that instructional time is not the

crItical variable for reducing state anxiety or improving achievement.

The effect of a shortened program on state anxiety and achi ve-

ment has also been Investigated by Leherisey, O'Niel, Heinrick, and

Hansen (1971). Subjects were college students who studied he t

disease through a CAI program. Shortening the program did not reduce

state anxIety, but did improve the performance of subjects with medium

level state anxiety. However, the sho tened program had a debilitating

effect on the pformance of subjects in the high level anxiety g oup.

The relationship between anxiety and dogmatism has been studied
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by Rappaport (1971). Female college students in a psychology course

were assigned to treatn nt groups on the basis of high or low dogmatism

and trait anxiety. During the performance phase of the udy, subjects

used a CAI program to study mathematics. Rappaport found no relation-

ship between state anxiety and dogmatism. High and low dogmatism

subjects did not differ in state anxiety during the study.

Smith (1971) examined the relationship between personality

characteristics and attitudes toward instruction-related variables.

Subjects were college students who used a CAI program to study behavioral

objectives. The My: Briggs Personality Type Indicator was used to

clas _fy subjects in ter of Extraversion-Intro sion and Sensing-

Intuition. In addition, subjects were assigned to four treatment groups

which were characterized by different forms of instructional sequence

control. Control patterns varied from complete program control to

varying degrees of student control. Smith concluded that student

attitude was related to personality characteristics, and that Sensing

subjects had more positive attitudes toward CAI the CAI program, and

the content of the CAI program. The positive attitudes of the Sensing

subjects were most pronounced when they were given greater freedom to

determine the instructional sequence.

Jelden (1971) attempted to identify student personality

variables that could be used in the prediction of student success in

an individualized, multimedia type course. College students in an

electronics class were permitted to select verbal and/or visual

instructional media. Jelden found that the majority of students viewed

4 8
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learner control in a pos rive manner, and that high achievers did well

with either verbal or visual media.

Summary

Studies by Tobias and O'Niel have produced evidence which

indicates that the manner in which a student interacts with a learning

experience is related to state anxiety. The study conducted by Tobias

also suggests that state anxiety is related to response mode, and that

subjects who construct responses have high state anxiety and are

significantly better on achievement measures than are subjects usitg

passive response modes. O'Niel and Leherissey have both reported that

shortening an instructional program does not reduce state anxiety.

In other studies Rappaport found no relationship between

dogmatism and state anxiety and Smith reported a relationship between

student a titude and a personality characteristic described as "sensing"

(which was measured with the Myers-Briggs Personality Type Indicator).

Smith also reported that the positive attitudes of sensing students

were more pronounced when they were given greater freedom in the

determination of instructional sequences.

Individualized Instruction

A traditional and an individualized college physics course have

been compared by Branson, Brewer, and Deterline (1971). Students at

the United States Naval Academy participated in the experiil1ent.

Experimental subjects were provided with materials, equipment, and

variety of media for "self-paced" independent study. Experimental

subjects progressed at their own rates, selected materials and

4 9
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experiences which they preferred, and requested performance measures.

Traditional subjects attended lectures and completed laboratory

exercises. On the basis of results obtained from achievement tests

and attitude measures the investigators concluded that the individu-

alized program was at least as good as the traditional course, and that

the method of instruction was not the critical element in an instruc-

tional program.

A study conducted by Friend, Fletcher, and Atkinson (1972)

included a provision for student control of the instructional sequence.

College students who studied computer science in a CAI course were

permitted complete freedom in sequencing fifty lessons. Subjects also

controlled the amount of instruction (they could request additional

info ation), and review procedures. The investigators reported that

student success on responses (approximately 65%) was below the

anticipated level (75%), and that subjects rarely used control options.

The feasibility of improving students' performance on higher

level cognitive tasks has been investigated by Wheatley (1972).

Subjects were volunteers from a larger student population enrolled in

an audio-tutorial biology course for college students. All subjects

studied regular instructional units. In addition, subjects in the

experimental group completed activities designed to improve higher level

cognitive skills. Wheatley found that experimental subje ts who had

completed at least one half of the special activities had significantly

higher achievement scores on one of the three unit tests used in the

study. He also found that experimental subjects outscored control

ub ects on several regular course examinations. Wheatley concluded
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that the performance of students on higher level cognitive que tions

can be improved by providing appropriate activities.

A basic premise of Individually Prescribed Instruction IPI)

that a subject can be arranged in a logical sequence of units which

can ultimately be mastered. The program, which is for elementary

school students originated at the Learning Research and Development

Center at the University of Pittsburgh. On the basis of results from

diagnostic tests teachers write a "prescription" for individual student

learning experiences. Students use various combinations of methods and

materials to complete prescribed activities.

Although papers that describe the effectiveness of IPI are

read ly available, research reports are not abundant, and results from

available reports are difficult to interpret. For example, Spinks

(1972) reported that IPI second graders scored significantly higher on

mathematics and spelling tests than did student° in conventional classes.

However, when Spinks compared IPI and conventional students at higher

grade levels (third and fifth), they were not significantly different

in mathematics, spelling, reading, or study skills. In a similar study

Johnson and °strum (1971) found that IPI students had greater achieve-

ment gains in mathematics than did students in three similar schools.

Johnson and Ostrum also reported that students and teachers had positive

attitudes toward IPI materials.

Summary

Branson, Brewer, and Deterline have reported findings which

suggest that individualized instruction in college physics is at least
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as effective as tr-ditional instruction. Subjects who used CAI to learn

computer science in the study

Atkinson did not achieve at a

conducted by Friend, Fletcher, and

prescribed level and were reluctant to

use sequence control options. Wheatley found that students who were

provided with appropriate activities developed higher level cognitive

skills (for one of three experimental instructional units). Studies of

Individually Prescribed Instruction conducted by Spinks and Johnson

and Ostrum indicate that the effectiveness of IPI may be related to

grade level.

Chapter Summary

There is no overwhelming evidence that tends to either support

or reject the notion that structional sequencing is important and/or

necessary in learning expariences. Results of some studies suggest that

the necessity for a specific instructional sequence depends on the

nature of the learning experience.

Although there are exceptions to the rule, studies in which

learner control of instruction has been compared with instructor or

program control of instruction have

in achievement. Many investigators

of conventional and nonconventional

reported nonsignificant differences

produced nonsignificant differences

who have compared the effectiveness

in tructional methods have also

in achievement. Howeve- it

possible to find support (or lack of it) for almost any existing

instructional approach.

In the area of achievement prediction tl.dre seems to be

reasonable agreement that mathematics and biology aptitude and high
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school science grades are re 'able predic ors of col ige biology

achievement.

Results of studies in which audio-tutorial (A-T) and conven-

tional instruction have been compared suggest that the attitudes of the

A-T subjects were generally more positive than those of subjects in

conventional groups. Results from other studies which involved a

variety of instructional methods are not conclusive.

Studies of personality factors that have utilized CAI indicate

that anxiety is related to the role of the student during instruction,

and that response mode can influence student achievement. In addition,

student attitudes (which appear to be related to personality character

istics) may be influenced by the amount of freedom provided by the

instructional program.



Chapter 3

PROCEDURES

Subjects

Basic Biology is offered by the biology department of

Shippensburg State College as a general education course for non-biology

majors. Each semester it is elected by approximately 350 to 500 students

from a variety of departments within the college. Out of the 493

students enrolled in Basic Biology during the first semester of the

1972-73 academic year 376 were included in the study.

TreatmentGroips

Subjects were randomly assigned to groups A, B, C and D.

Treatments were as follows:

Group Instructional Unit Se uence Within-Units

A Structure Based Teacher Directed

Structure Based Student Selected

Test Determined Teacher Directed

Test Deter ined Student Selected

The Structure Based Unit Sequence and Teacher Directed

Experience 'thin-unit sequences were determined through the analysis

of concepts included in 7the units. A Sequence Test, administered prior

to the study, which measured student biology achievement for each of the

40
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instructional units, was used to establish the Test Determined Uni

Sequence.

rinient of the Structure
Based Unit

Since the Structure Based Unit Sequence was to be a sequence of

uctioual units, each of the five units was examined for concepts

that could be used in the establishment of the sequence. Flow cha ts

like the one included in Appendix A were constructed for this purpose.

The following argunerits were then used as a basis for the development of

the sequence:

1. Photosynthesis should precede Respiration. The incorporat

of energy into the bonds of fuel molecules should be considered prior to

energy release and ATP formation

2. Meiosis and Mitosis should precede Genetics. An under-

standing of the basic principles of meiosis is essential to the under-

standing of important concepts of genetics (e.g. variety that results

from the sexual process, crossing over, and recombination).

3. Genetics should precede Control Mechanisms. An under-

standing of the relatIonshIp het een chronosomes, DNA, and genes should

be developed prior to the study of proteIn synthesis. In other words,

Mendelian genetics should precede molecule genetics.

4 Photosynthesis and Respiration should precede Meiosas and

Mi sis r2enetics and Control Mechanisms. Processes which produce

y in living organimns should be considered prior to processes that

consume energy. Although it may be difficult to see the relati nsh p

between Meiosis and Mitosis and Genetics and energy consumption (in the

5



specific units included in the study these units are related to

Control 1eahanisms, which does involve energy eonsu ption the

arguments included in statements 2 and 3.

e Structure Based Unit Sequence was as foll

Devel_
Unit S

1. Photosynthesis.

2. Respiration.

3. Mitosis and Keiosis.

Genetics.

5. Control Mechanisms.

m n o he Test Dete- mined
ence

tz"

14 2

Da for the establishment of the Test Detexniined Unit Sequence

(TDUS) were obtained through the administration of the Sequence Test

which was designed to subjects' entry level biology achievement .

The instrument was administered to all subjects prior to instruction.

Analysis of variance for a one way design was used to compare student

scores on each of the five scales included in the instrumen (each

scale represents an instructional unit). Results of the analysis a e

shown in Table 1.

Since the r atio obtained (95.08 ) was considerably larger than

the table value (F = 2.37 at the .05 level ), there was a significant

difference in the biology achievement of subjects for the five

instructional units included in the experiment. The Schef 6 procedure

was used to identify significant differenc in the
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Table 1

Scale Means and Analysis of Variance Table for Subjects'

Biology Achievement Scores on the Five Scales
of the Secjcnc@ Test

Scale N -ns

aScale 1
(n = 423)

Scale 2
(n = 423)

Scale 3
(n = 423)

Scale 4
(n z 425)

Scale 5
(n = 423)

Means 3.17 3.21

Analysis of Variance

Degrees of Mean
Freedom Square F Ratio

ce of
Variance Sum of Square

3 2 5.17

Between
Treatments

Within

Treatments

Total

1107.49

6144.09

7251.58

4

2110

2114

276.87

2.

95.08

r _ (4, 2110 z 2.37
.05

4Scales represent the following sub ect areas:
1. Photosynthesis
2. Respiration
3. Meiosis and Mitosis
4. Control Mechanisms
5. Genetics

57



44

the five scales. The minimum differc _ (d ) between means which could

be considered significant was calculated as follows:

d

d =

d = .36

where

d = minimum difference between means whith is significant.

k = number of groups.

MSw=within groups nean square.

n = number of subjects.

Mean achievement scores for all subjects on the five scales of the

Sequence Test -e e:

1. Genetics 5.17

2. Control Mechanisms 3.92

3. Respirat -n 3.89

Mitosis and Meiosis 3.21

5. Photosynthesis 3.17

The mean achievement score for the Genetics scale was significantly

greater than the mean scores for the Control Mclh: isms and Respiration

scales, and the mean scores for the Control Mechanisms and Respiration

scales were significantly greater than the mean scores for the Mitosis

and Meiosis and Photosynthesis scales. These differences were used as
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the basis for the es ablishm n- of a hie -ichy of instructional units.

Since the differences between the mean score,, for the Control Mechanisms

and Respiration scales and the Mitosi3 and Meiosi- and Photosynthe

scales were not significant, no ificant differences in mean scores

were used to establi-h the positions of these instructional units in the

sequence.

The basic model utilized was the 2 2 factorial type.

shown in Figure 1.

Approximately 125 subjects were randomly assigned to each of the

four treatment groups. To ehsure proper implementation of the des

the 32 ion audio-tutorial facility was sectioned into four areas

each of which included eight student booths. Subjects in all treatment

groups were provided with specific instructions on how to u e available

materials (see Appendix 13).

Treatments

Tue experimental phase of the study covered a five week peri d

which began on October 9, 1972 each week subj cts completed an

independent study session (in the audio-tutoria facility) and attended

a small group discussion meeting. Prior to the experiment, subjects

completed several basic instructional units. In the completion of these

introductory units they developed skills necessary for eff ctive

performance in an audio-tutorial type system.

During the experiment subjects in groups A and B followed a

structure based sequence of instructional units. As described earlier,
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i

Control of Within-Unit

Experience Sequence

Teacher Directed Student Selected

Instructional

Unit Sequence

Structure

Based

Group A

X, Y, Z

Group B

X, Y, Z

Test

Determined

Gr -p C

X, Y, Z

Group D

X, Y, Z

X = Achievement Sco

Y = Attitude Scores

Z = Time

Figure 1

Exp 'mental Design

6 0
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this sequence was determined through an analysis of concepts included

in the five instructional units. The Structure Based Unit Sequence

(SBUS) was:

1. Photosynthesis

2. Respiration

3. Mitosis and Meiosis

4. Genetics

5. Control Mechanisms

Subjects in groups C and D followed a sequence of instructional units

based on results obtained from the administration of the Sequence Test.

Scores of all subjects were used to arrange the units in a sequence that

progressed from high to low mean score. The Test Determined Unit

Sequence (TDUS) as:

1. Genetics

2. Control Mechanisms

3. Respiration

4. Mitosis and Meiosis

5. Photosynthesis

During each of the five weeks of the study the SBUS and TDUS treatment

groups studied different instructional units. However, during the

experiment subjects in both groups completed the same basic set of five

instructional units. For each instructional unit they completed the

same activit s (obseried films and microscope slides, examined

demonstrations, etc.) and were exposed to the same basic information.

However, subjects in groups A and C were required to follow a within-

unit sequence of experiences that was teacher directed. Subjects in
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groups B and D were pe ,mitted to select a within-unit sequence of

experiences.

Teacher Directed Experience (TDE) and Student Selected

Experience (SSE) n-unit sequences represent different ways to

control the experience sequence within instructional units. Subjects in

both of these groups were provided with audio tapes, m_meographed

scripts (from audio tapes), and all other materials needed to complete

each Instructional cult. However, the tapes, materials, etc. for the

TDE and SSE groups were different. While the basic content for both

groups was the same rapes for the TDE group included experiences

arranged in a definite sequence and tapes for the SSE group were

designed so that: no specific sequence of experiences was apparent.

Subjects in the SSE group selected experiences by examining objectives

included in a card file. Each card corresponded to a mimeographed

sheet which included a statement of the objective, lists of activities

related to the objective, a numerical index to the section of the

tape that corresponded to the objective, and the audio script.

During the experimental period,weekly discussion group meetings

e used primarily to answer student questions about items includedwe

audio

the independent study sessions. No structured lecrlres were presented.

Instructional Materials_

The five audio-tut_ ial instructional units included in the

study were developed over a two year period. The units included

Photosynthesis Respiration, Mitosis and Meiosis, Genetics, and Control

Mechanisms. Audio scripts and related laboratory activities developed
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by SparXP and Nord (1968) served as a starting point in the develop-

mental phase. The investigator and a number of collagues prepared

unit objectives, audio tapes ual Materials, and labora- ory exercises

for the eoure. Each semester, prior to the study, the materials were

revised on the basis of feedback from students and faculty.

Following the development of the five basic instructional units,

within-unit sequences of experiences for subjecto in the Teacher

Directed Experience (TDE) treatm- t group were prepared. Corresponding

materials for subjects in the Student Selected Exp nce (SSE)

treatment group were developed by relating experiences and discussion

to specific objectives. Audio scripts and tapes were then prepared for

subjects in both groups. Sample audio scripts from the unit titled

osis and Meiosis are included in Appendix C.

All materials were tested in a pilot study during the summer of

1972. Results of the pilot study indicated that the materials,

following revision, were technically usable.

Instru- -tation

An entry level biology achie ament st (Sequence Test) an

Achievement Posttest, and an attitude scale (Student Reaction to Audio-

Tutorial Basic Biology) were developed for the study.

Se uence._Test_

This instrument was designed to measure student achievement

prior to instruction. Data obtained from its administration were used

to establi-h the Test Determined Unit Sequence. The test was based on

established unit objectives and included fifty multiple choice qu ions
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(10 items per instructional unit). The test was developed by the

investigator with assi-ti-ce from a number of &lleaçues (.ee Appendix

D), administered to several large groups of B. L_ Biology students,

analyzed and 1-,vised. During the experiments data from 203 student

response sheets were analyzed. Results of the analysis are llsted

below.

Range 0-35

Mean difficulty of items 8.02

Kuder-Richardson 20 reliability 0.59

Test nean 19.01

Variance 26.07

Standard Deviation 5.11

Standard error of measurement 3.26

A copy of the Sequence Test and a list of difficulty indices, discrimi-

nation indices, and point-biserial correlations for each question are

included in Appendix E.

Achievemen

A posttest was designed to measure achieveme following

intructio

the five instructional units. The test was also administered as a

pretest to one half of the sub] cts in each treatment group. It

consisted of 70 multiple choice questions (14 items per instructional

unit). Items were selected or written to measure student achievement

of specific unit objectives. Sources of test items included Dressel arid

Nelson (1956) and a recent publication of the Commission on Undergradua

Education in the Biological Sciences (1967). Original questions were

and Po

was given to all subjects following the completion of

6 4
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written oy the investigator and a number of biology professors who

were involved in teaching Basic Biology ( ee Appendix D). All test

items were checked for di erimination and rel ability by including them

in regular course examinations. During a two year period all questions

were analyzed and revised. The t (in its present form) was

administered to several hundred Basic Biolo y students in the spring of

1972. It was also used in a pilot study during the summer of 1972.

During the experiment, 113 student response sheets were randomly

selected for item analysis. Results of the analysis were as follows:

Range 26-70

Mean difficulty -f items 66.31

Kuder-Richard on 20 reliability 0.83

Test mean 46.42

Variance 76.10

Standard Deviation 8.72

Standard error of mea.urement L3.60

A copy of the Achievement Posttest and a list of difficulty Indices,

discrimination Indices, and point-biscrial correlations for each test

question are included in Appendix F.

Attitude Scale

A Likert-type scale designed to mcae. 5 udents( uttltuue

to ard Audio-Tuto ial Basic Biology was developed prior to the study.

Starting material for the development of the scale was a similar

instrument prepared by GelinaS (see Appendix G). The scale, in

original form contained 45 statements. Over a period of approX ately

6 5
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two years, the instrument was administered to several large classes of

Basic Biology students, analyzed, and revised. Analysis involved the

determination of discrimination indices as described by Edwar s (1957).

The form that lics eventually used in the study in luded 25 -tatem-

The re3iability of the attitude scale was established by

correlating, st ent wores for the odd-even halves of the instrument

(this approach was ased because the available item analysis progr

required specific answers for test The value for r was .81.

When r was corrected through application of the Spearman-Brown Prophecy

Formula the reliability of the attitude scale was .89. A copy of the

Student Reaction to Audio-Tutorial Basic Biology Is In luded in

Appendix H.

Adrninjstatjc.n -3f Ins

The design of the experiment, with specific reference to

umentation, is shown in Figure 2.

Approximately one half of the subjects in each treatment group

were randomly selected for a pretest (the Achieve ent Posttest was used

as the pret t). Following the pretest, the Sequence Test was admin-

ered to all subjects. The Achievement Posttest and the StUdCL

Reaction to Audio-Tutorial Basic 13iology attitude scale were administered

following the completion of the five instructional units included in the

study.
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XA A.c

Cl

C2
A.S.

A, C and D - Treatment groups.

AI, 32, etc. - One-half of a treatment group.

Yc

53

- Achievement Pretest (Posttest administered to one-half
of the subjects in each treatment group).

Yb - Sequence Test.

XA, XB, XC, XD - Treatments (V'ioUS combine Ion of unit and 'thin-unit
sequences).

Ya - Achievement Fosttest.

A.S. - Student Reaction to Audio-Tutorial Basic Biology
attitude scale.

figure 2

Sequence for the Administration of Instruments

6 7
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Analysis of Da a

The following data items were utilized:

1. Grade point averages.

2. College Entrance ExamInation Board (CEEB) scores.

3. Sequence Test scores.

4, cores from the Achievement Posttest.

5. est scores (Achievement Posttest used as a pret-s

6. Scorer from Student Reaction to Audio-Tuto ial Basic

Biology attitude scale.

7. Time required for the completion of individual instructional

W thin unit experience sequences used by students in groups

9. Student cha act istics (sex and college major).

Coll ge Entrance Examination Board scores and grade po.int

averages were obtained from c.tudent reccs. Student charar':

units.

B and D.

cs

(sex and major) were taken from available clae- lists. Time used in

the completion of instructional units was obtained from individual

student record cards. A sample student record ca included in

Appendix I. Information concerning .thin-unit experience sequences

used by groups 3,3. and D was obtained through the use of a check list.

A sample check list is included in Appendix J.

Analysis of variance for a one-way desigr as used to analyze

scores obtained through administration of the Sequence Test. All data

used to test for the equivalence of treatment groups were analyzed with
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a multivariate statistical program. Data obtained from criterion

measures were analyzed through the use of regression analysis and

multivariate analysis of variance. Regression analysis was also used

to determine the predictive value of student characteristIcs on bio ogy

achievement. The significance of gains in achievement made by subjects

in each treatment group was te ted through application of the t-t

for repeated measures. Within-unit sequences used by SSE subjects were

compared with the sequence used by subjects in the TDE group through

the use of a special pr gran srepared by the staff of the comput

center at Shippensburg State College. A check for pretest sensitization

olved the utilization of a one-way analysis of variance.

A pilot study was conducted during the summer of 1972. Results

that study are summarized below:

1. For subjects in the four treatment groups, average scores

from the scales of the Sequence Test not Significantly different.

Since similar scores obtained from a larger group of subjects (361)

during the previous ecade year were significantly different, it was

d A.ded that the Test Detenmined Unit Sequence for the pilot study

would be based on scale mean sco es.

2. Posttest achievement scores were significantly different at

the 0.10 level for subjects in the four eatment groups. Since the

number of subjects in each treatment gr_ p was smal (6 or 7), the

Eruskal-Wallis test was used. Inspection of group nean scores

indicated that subjects In the treatment group that used a struot -e
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based unit sequence and student selection of experiences within units,

scored considerably lower (approximately 10 points) than subjects in

the other treatment groups.

3. When subjects in the teacher directed and student selected

exparience treatment groups were compared on the basis of average time

devo/-ed to Instructional units, it was determined that the teacher

directed group required more time. However, the average time per unit

for the group was not sinificant1y great2r than that for the student

selected experience group.

4 Observations of subjects and feedback obtained throu st-)

informal dis ussion sessions with subjects indicated that t e materi

developed for the study were generally acceptable. Information obrai.
from the pilot study was utilized in a revision of materials priv,n

the exp ent.
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Chapter 4

RESULTS

A description of subjects, tests of treatment group equivalence,

and tests of specific hypotheses

Subjec

e summarized in this chapter.

At the beginning of Semester I of the 972-1973 academic year

tudents were en oiled in Basic Biology. Prior to and during the

experimental period 33 students dropped the course for a variety of

reaso s. Upon completion of the experimental phase of the course,

subjects who had been absent during any of the five instructional units

eluded in the experiment were removed from the study. Thirty-seven

subjects had two or more absences and thirty-two subjects missed one

instructional unit. An additional fifteen subjects were randomly

dropped from the experiment to equalize the number of subjects in each

of the treatment groups. The results of statistical tests, described in

the remainder of this chapter, re bdsed on 376 subjects who completed

all of the instructional units included in the exp riment.

Duri g the remainder of this chapter, treatment groups will be

designated as follows:
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Treatment Groups
Instructional
Unit_Sequence

Structure Based (SBUS)

Structure Based (SBUS)

Test Dete mined (TDUS)

Test Det ined (TDUS)

58

Control of Within-Unit
Experience Sequence

Teacher Directed (TDE)

Student Selected (SSE)

Teacher Directed (TDE)

Student Selected (SSE)

Descr ption of Subjects

Distribution of Sexes in Treatment Grou ,F

Of the 376 subjects included 5 a study, 167 were males and

209 e females. This ratio was very similar to the ratio for all

undergraduate students at Shippensburg State College dnring the first

semester of the 1972-1973 academic year (1844 males am: 7OPP fem-les).

Three of the four treatment groups contained me female subjccV3. The

number of females per treatment group varied from a high of 57 or 60.63%

in Group C to a low of 47 or 50.00% in Group B. Males varied in number

from 47 or 50.00% in Group B to 39 or 41.48% in Group C. The numbers of

males and females per treatment group are shown in Table 2.

Table 2

Distri ution of Subjects by Sex

Group A Group 5 Group C Group D

.r,,.rmvwasaagam.

Total

Males 44 47 37 167

Females SO 47 55 57 209

Total 94 94 94 94 376

7 2
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Lat:LS'ects
A large majority of the subjects (319) were freshmen. Within

treatment groups the percentage of freshmen ranged from a high of 89.36%

in Group B to a low of 80.85% in Group A. Each of the treatment groups

included some upperclassmen. Group B had the smallest number of upp r-

classme (10 and Group A the largest (18). Numbers of subjects

belonging to each of the four undergraduate classes are listed b

treatment gr ups in Table 3.

Table 3

Distribution of Subjects by College Class

Group A Group B Group C Group D Total

Freshmen 76 84 80 79 319

Sophomores 12 8 6 11 3?

Juniors 6 1 5 1 14

Seniors 0 1 2 3 6

Total 94 94 94 94 376

Distribution of Subjects by College
Curriculum

Subjects included in the study were from five broad curricula

which included Secondary Education, Elementary Education, Arts and

Sciences, Business Administration, and Library Science. Data descrIbing

the number of subjects from each of these curricula assaf7ned to specific

treatment groups are included in Table 4. Most of the subjects were an

7 3



Elementary Education (234) and Bu itess Administration 9 The

smallest groups of subjects

and Arts and Sciences (32).

60

n the fields of Library Sci nce (14)

4

Distribution of Subjects by College Curriculum

Group A Group B Group C Group D Total

Secondary
Education 14 21 25 37 77

Elementary
Education 27 31 41 134

Arts ane3
Sciences 11 4 32

Business
Administration 32 25 27 129

Library
Science 2 3 4 5 24

Total 924 94 94 94 376

High School Science Backgrounds
of Subjects

The high school biology, chemistry, and physics backgrounds of

all subjects are shown in Table 5. Three hundred and seventy-one

subjects (98.66%) had completed a high school biology course, 311

subjects (82.72%) had taken high school chemistry, and 171 subjects

(45.47%) had taken high school physics.
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Table 5

High School Soi nce Courses Taken by Subjects

Croup A Group B Group C Group D Total

Biology g4 93 91 371

Chemistry 80 78 76 77 311

Physics 42 53 40 36 171

Although subjects were rendomly assigned to four treatment

groups, specific checks for group equivalence were made. Tests were

based on student scores from the SAT tests of the College Entrance

Examination Board Achievement Pretest scores (Achievement Posttest

administered as a pretest), Sequence Test scores, and grade point

averages. All scores were analyzed with a multivariate analysis of

variance program. Results of these tests are shown in Table 6.

Only one of the F-ratios obtained from multivariate tests was

significant at the .05 level. TDE and SSE subjects had significantly

different mean scores on the Achievement Pretest. Several univariate

tests also produced significant F-ratios. The TDE and SSE treatment

groups had significantly different mean scores on the Control Mechanisms

scale of the Achievement Pretest and the SAT-Mathematics part of the

CEEB, and the SBUS and TDUS treatment groups had significantly

different mean scores on the Genetics scale of the Sequence Test

(see Tables 7 and 8). Tables which include additional tatistical

7 5



Table 6

Multivariate Analysis of Variance for SAT Scores,
Sequence Test Scores, Grade Point Averages,

and Achievement Pretest Scores,
All Treatment Groups

62

Source of Variance df Critical)

aSAT Scores, Sequence Test Scores and CPA's

Unit Sequence 10, 353 0.79 .1.87

Within-Unit Experience Sequences 10, 353 1.03 1.87

Unit Sequence x Within-Unit
Experience Sequences 10, 1.2 1.87

bAc ievement Pretest Se_

Unit Sequence 176 1.12 2.27

Within-Unit Experience Sequences 176 2.65 2.27

Unit Sequence x Within-Unit
Experience Sequences 176 1.37 2.27

aBased on data from all subjee

bApproximately one half of the subjects in each treatment group
were pretested with the Achievement Posttest.
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Table 7

Analysis of Var ance for SAT and Achievement Pretest
Scores, TDE and SSE Treatment Groups

Variable MS df Critical)

a
C -EB Scores

SAT-Mathema ics

SAT-V bal

bAT-Total

23083.03 1, 372

6572 82 1, 372

53882.57 i 372

3.84

116

3.36

3.84

3.64

3.84

bAchievement Pretest Scale Scores

Photosynthesis 1.39 1, 160 0.4 0

Respiration 10.04 1, 160 3 53 3.90

Mitosis and Meiosis 0.09 1, 180 0.02 3.90

Genetics 8.70 1, 180 1.96 3.90

Control Mechanisms 18.92 1, 160 6.27 3.90

aBased on data from a 1 subjects.

Approximately one half of the subjects in each treatment group
were pretested with the Ach:Trement Posttest.
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tests and means and standard deviations for data used in testing

treatment group equivalence are included in Appendix K.

Table 8

An lysis of Variance for Sequence Test Scores,
SBUS and TDUS Treatment Groups

Test Scale MS df -ical)

Photosynthesis 0.17 1, 372 0.08 3.84

Respiration 0.10 1, 372 0.04 3.84

Mitosis and Me osis 3.84 1, 372 1.32 3.84

Genetics 19 67 1, 372 5.48 3.84

Control Mechanisms 0.04 1. 372 0.01

Tes Sensitization

Prior the experiment, approximately one half of the subjects

in each treatment group were pretested wLth the Achievement Postt st.

To check for pretest sensitization, the mean Achievement Posttest scores

of pretested and non-pretested subjects in each treatment group w re

analyzed through the use of analysis of variance for a one-way de ign.

Mean achievement scores are listed in Table 9 and results of the analysis

of variance test are summarized in Table 10. The mean achievement scores

of the pretested groups ranged from a high of 47.96 (Group C) to a low

of 44.94 (Group A). Of the groups that were not pretested, Group B had

the highest average achievement score (46.46) and Group C the lowest

(45.83). In two of the groups (A and D) the pretested groups had lower

7 8
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mean scores on the Achievement Posttest. Since the com ted F-ratio

(0.46) was lower than The table value for F (2.01) there were no

significant differences in mean achievement s ores, and the pretest

did not sensitize subjects to the Achieveme t Posttest.

Table 9

Mean Posttest Achievement Scores for Pretested
and Non-Pretested Subjects

Treatment Groups Pretest Pretest

A 44.94

46.49

47.96

45.14

46.21

46.46

45.83

46.24

Table 10

Analysis of Variance for Achievement Posttest
Scores, Pretested and Non-Pretested Subjects

Source of Variance SS df MS

Between Groups

Within Treatments

Total

284.64

32442.95

32727.59

7

68

375

40.66

88.16

0.46

(7' 368) = 2.01
5
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2, and 3 were designed to test the effects of

d e nt r.quences of in tructional-units and student vs. teacher

control of ;ithin-unit experience sequences on the biology achievement

of subjects. They were as follo

For college students studying introduc ory biology in a general

education course taught through the audio-tutorial method, the organi-

zational sequence of instructional units does not affect biology

achievement.

Itr.a51.1219112111L2.

For college students studying introductory biology in a general

education course taught through the audio-tutorial method, control

(student vs. teacher) of the seuerie of

units does not affect biology achievem.

encez within instru nal

Hypothesis No._ 3

For college students studying introductory biology in a gener._

education course taught through the audio-tutorial method, there is no

interaction between the organizational sequence of instructional units

and control (student vs. teethe ) of the sequence of exp riences within

instructional units that affects biology achievement.

Hypothesis No. 4 was used to identify predictor-- of biology

achievement. It was as follows:

80
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kinpothesi

For college students studying introductory biology in a general

education course taught through the audio-tutorial method, there is no

single characteristic, or set of combined characteristics, that will

reliably predict biology achievement.

Preliminary tests of achievement hypotheses were made through

the use of lultiple regression analysis. In an initial statistical

test, total score from the Achievement Posttest was the dependent

variable and all other variables of the experiment (scholastic aptitude

scores, grade point average, pretest scores, time used in the completion

of instructional units, instructor, treatment group, sex, and college

major) were designated free variables. Re ults of this test are shown

in Table 11. Most of the variables tested did not contribute signifi-

cantly to the variance in Achievem nt Posttest scores. Of the

variables that had significant F-ratios only five (grade point average,

Sequence Test score, SAT-Mathematics score, Instructor No. 8, and time)

produced appreciable increases in R2. A major proportion (42.3%) of

the variance in achievement scores was accounted for by grade point

average. Sequence Test and SAT-Mathe atics scores accounted for 5.6%

and 3.6% of the variance respectively. Instructor No. 8 and time each

accounted for approximately 1.5% of achievement variance. Collectively

the five variables accounted for 54.6% of the variance in Achievement

Posttest scores.

The relationship of biology achievement to the five variables

that accounted for more than one half of the variance in Achievement

8 1
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Posttest scores was further tested through the determination of

correlation efficients (see Table 12). With the except on of

Instructor No. 8, all r values for the five variables were gnifiant

at the .05 level. Since r for Instructor No. 8 was not significant,

and since grade point average accounted fo a major proportion of the

ve lance in Achievement Posttest scores, an additional multiple

regression te,t was made. The effect of factors suc:1 as inst.:.uctor,

time, treatment, sex, and college major on the variance In Posttest

Achievement scores was analyzed by forcing these variables into the

prediction equation. All rcaining variables were assigned "free"

status. Results of this tei are shown in Tabl- 13.

None of the Instructor variables produced a significant F-ratio

and all instructors combined accounted for approximately 2.3' of the

variance in Achievement Posttest scores. Time produced a highly

significant F-ratio (26.' and accounted for appro) ltely 8.996 of

achi fement variance. -,,ee of the four tree+ ,s entered the

prediction equation (Grou was excluded) and none pro&ed signific nt

F-ratios. Of the six college majors, No. 5 (Busilvms Educatici) entered

first, and although it produced a significant F-ratio (3.75), it did not

contibute greatly to achievement variance. Sex did not produce a

significant F-ratio or increase R2 appreciably. Variables which had

been assigned "free" status (grade point average, Sequence Test score,

and SAT-Mathematics score' entered the p. ediction equation after the

forced variables and assu_ d the same relative positions that they held

in the first multiple regression test.

Results obtained from "free" and "forced" multIple rc -ession
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tests indicated that the variance ln Achievement Posttest scores was

prima ily due to the influence of a relati-:ely smal.1 number of

variables. These included grade point averag_ Sequence Test score,

SAT-Mathematics score, and time. Of these variables, grade point

average and time accou ted for the greatest proportion -f achaeve ent

variance (approximately 36.3% to 42.3% and 1.5% t- 8.9% respectively).

The prediction equation for grade point average, Sequence Test score,

and SAT-Mathematics score as combined predictors of biology achievement

was:

= 4.30804 0.02419 x SAT-Mathematics Score
(040334 x Placement Test Score) t

(8.77176 x Grade Point Average)

Additional tests or Hypotheses 1, 2, and 3 we e made by

utilizing the scores from the five scales of t4- Achievement Posttest.

Because tests of group equivalence had revealed significant differences

in SAT-Mathematics scores and one scale of the Sequence Test, these

variable:, were useu as covariates in a multivariate analysis which

com tilt_ mean biology achievement scores o sub4er the-four

treatment groups. Although TDE and SSE groups hatll sign-eicantly

different mean scores on one scale of the Achievement Pretest

(Achievement Posttest used as a pretest), pretest F3.7.,)"(1 was not used

as a covariate. SAT-Mathematics and Sequence Test scores we e used as

covariates because they correlated significantly with Achievement

Posttest scores ( 41 and 44 respectively). The r value for the

relationship between Pretest and Achievement Posttest scor s was .10

which was not significant at the .05 level. Results of the rnultivariate

analysis are shown in Table 14.
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Table 14

Multivariate Analysis of Covariance for Scores from
the Achievement Posttest with SAT-Mathematics

and Sequence Test Scores as Covariates

Source df a-
-F

Unit Sequence 5, 366 1.64

Wi_hin-Unit Experience Sequences 5, 366 1.00

Unit Sequence x Within-Unit
Experience Sequences 5, 366 0.33

F
05 (5- 366) = 2.21

.

When analysis of covariance was used to ecmpare the Achievement

Posttest scores of subjects in the four treatment jroups, nu significant

F-ratios were produced. Treatment groups did not differ signific tly

mean biology achievement and there was no significam: ,nterection

between unit sequence and contr 1 of within-unit experience sequences

which differentially affected biology achievement.

Since . half of the subjects in each treatment group were

pretes ed h the Achievement Posttest) prir to the experiment,

tests for gains in mean biology achievement were made. The t-test

for repeated measures was used to compare the pretest and posttest

scores of subjects in each of the four treatment groups. These tests

are summarized in Table 15. All t values were significant at the .05

level. The smallest gain (19.98 points) was made by Group A and the

largest (22.85 points) was made by Group D.
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Table 15

Mai Pretest and P s :test Bio1oy Achievement
Gains in Achievement , and t Values

for Pretestcd Subjects

Treatmont Pretest
Mean

Posttest
Mean

Achievement
Gain

47 24.96 44.94 19.98 al6.11

47 25.26 46 49 21.23 a21.29

49 23.96 45.14 21.18 al9.25

46 25.11 47.96 22.85 al7.16

a
Significant at .05 level.

On the basis of results obtained from t,_ u ilizing multiple

regression anaiysis and analys s of variance, Hypotheses 1, 2, and 3

were relt r jected. Neither the organizational sequence of instruc-

tional units nor control (teacher vs. student) of within-unit

experience sequences differentially affected biology achievement.

In addition, there was no significant interaction bet een the

organizAtional sequence of instructional units and control ( tudent

vs. teacher) of the sequence of experiences withIn instructional units

that differentially affected biology achiev.ment.

9 0
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On the basis of results obtained -xoL multiple regression

analysis, Hypothesis No. 4 was rejected. Cha-. iristics which included

grade point a- _ago, Sequence Test and SAT-Mar-Jatics scores, and time

used it the completion of instructional unitF; Yere reliable predictors

of biology achievement.

Attitude Hynoths

Hypothesis No. 5 compared the a:ctitudes of subjects in the

Teacer Directed Experl ce and Student Selected Experience groups.

It was as follows:

Hypothesis

For college students studying introductory biology in a

general education course taught -hrough the audio-tutorial -ethod,

control (student vs. teacher) of ithin-unit experience sequences

does not affect students' attitudes toward the course.

Following the completion of the last lnstructior4al unit, the

Reaction to Audio-Tutorial Basic Biology attitude SC244

admini.stere,d to all subject- was assumed that reults obtained

from the i-Imi._istration of the attitude scale would b- more ,w:indid

if subjects were not asked to identify themselvcs beyond the treatmen

group level. Raw scores from the attitude scale ranged from 19 to 87

for TDE subjects, and from 11 to 90 for the SSE gr-up. The mean

attitude score for TDE subjects was 56.23 and the me.ho for SSE subjects

was 54.71. Ana_ 16 of vari&nce was used to compare the mean attitude

scores of subjects in the four trestz*nt sroups. None of :he F-ratios



for main effects or interaction were si nificant at the .05 level.

Results of this test are shown in Table 16.

Table 16

Analysi. of Variance for Scores from
Student Reaction to Audio-Tutorial

Basic Biology Attitude Scale

78

Source of Variance df

Unit Sequence

Within-Unit Experience Sequences

Unit Sequence x Within-Unit
Experience Sequences

Within Groups

370.00

231.44

10'1.56

69672.81

1

3.

372

1.24

0.59

aF 72) = 3.84
.05

Subjects in the SSE and TDE treatment groups did not differ

significantly in their attitudes towara Basic Biology. Hypothesis No.

was not rejected. Control (student vs teacher) of the sequence of

experiences wIthin instructional units did not affect students'

attitudes toward the biology course.
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Tine Hvnotheses

Hypotheses 6 and 7 were designed to test for significant iffer-

ences in the amount of time used by subjects in the four treatment groups

cne completion of 7 tructional units. They were as follows:

Hypothesis No. 6

For col2 6tudent studying in, oduotory biology in a genera

education cours I,. ugh the audio-tutorial method, the organiza-

tional sequence of m.tional units does not af ect the amount of

time required to complete instructional units.

Hypothesis No. 7

For college students studying ;Lrl oductory biology in a general

education course taught through the audio-tutorial method, control

(student vs. t sober) of the sequence of experiences within instruc-

tional units does not affect the amount of time requil?ed to complete

instrucl onal units.

- urce ..Jta used in testing these hypotheses was the

Student -Tutorial Record Card (see Appendix 1). Muitivariate

analysis of variance was used to compare the mean time used by subjects

in each of the treatment groups in the com1eton of each of the five

instructional units. The F-ratio obtained when subjects in SBUS and

TDUS groups were co ed was significant at the .0S ley( 1. Results

of the multivariate test on time utilization are shown in Table 17.

Univariate tests used to compare subjects in the SBUS and MS

groups on the basis of time utilization for individual instructional

93
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Table 17

Multivariate Analysis o- Variance for Mean Time
Used zo Complete Instructional Units

ce of Variance df ar

Unit Sequence

Within-Unit Exper._ nce Sequel es

Unit Sequence x WIthin-Unit
Experience Sequences

5,

5, 368

22.51

1.76

368 0.77

aF
.05

368 = 2.21

units are shown i- Table 10. Three of the five F-retios were signifi-

cant at the .05 level. 0" these significant differences, two favored

the TDUS group (Seneti a d Control Mechani units), and one

(Photosynthesis tinit) favo the SBUS group.

Although the multi -;_ate test that was used to compare subjects

in the TDE and SSE groups . .--asis of T,Ne utilized in the complet on

of instructional units was nc of he five univariate

tests for those treat ent groups produced F-ratios that were significant

at the .05 level. Results of univariate tests for individual instruc-

tional units for TDE and SSE treat,n. groups are shown in Table 19.

Subjects in the SSE group usel more time than subjacts in the TDE group

for all of the five inst-ou tional units. SSE subjects used a signifi-

cantly araater amount of time than their counterparts in the TDE group

for the Mitosis and Meiosis and Genetics units. Mean time used by

oubjects in 411 treatmcAt groups is shown in Table 20.

9 4



Tar:Le 18

Analysis of Variance for Mean Tim -ed to
Complete Instructional Units, SPUS nd

TDUS Treatment Groups

91

Instructional Unit SS df

Photosynthesis 46136.19 1, 372 22.96

Respiration 4350.81 1, 372 2.98

Meiosis and Mitosis 4550.19 1, 372

Genetics 77237.00 1, 372

Control Mechanisms 28980.50 1, 372 10.32

aF.o5 (1, 372 4.

Table 19

Analysis of Variance for Mean Time Used to
Comp'ete Instructional Units, TDE and

SSE Treatment Groups

Instructional Unit SS df ap

Photosynthesis

Respiration

Meiosis and Mitosis

Genetics

Control Mechanis s

6315.63

3271.12

7813.31

16449.00

1367.69

1,

1

372

372

372

372

372

3.14

2.24

JA.31

4.57

0.49

ar.05 372 m 3 84.
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Tablc 20

Mean Time Used to Compiete Instruct al U
All Treatmeat Groups

Instructional Unit aSBUS bTDUS cTDE dSSE

Photosynthesis e13731 114.85 121.64 130.03

Resriration 110.60 103.79 104.24 110.14

Meiosis and Mtosls 118.62 111.65 110 58 19.70

Genetics 131.99 160.65 139.70 152.94

Control Mechanisms 119.04 136.60 125.91 129.72

,tructure Based Unit Sequence.

bTest Det

cT

ned Unit Sequence.

cher Directed ExperIence.

dSLudent Selected Experience.

err.
.ime in minutes.

Because average time used in the completion of instructional

units was positively related to grade point average (r 0.279) and

achievement (r = 0.256), additionai tests on high and low grade point

average subjects were made. CJrrelation coefficients which show the

0:ay in which time relates to biology achievement and grade point avage

for high and low grade point average subjects in each of the four

treatment groups are shown in Table 21.

Wh n the relationship between time and achievement was tested

correlation coefficients were, with the exception of Group D, positive

9 6



Table 21

Correlation Coefficients for Tine vs. Achjvernerit
and Grade Point Average for Hiph and Loy

Grade Point Average Subjects

83

Treatment
Group

High Low
rade Point Average n Grade Point Avezage

Time vs. Achievement

A a0.45

0.22

0.19

42

39

42

0.15

0.15

0.09

-0.20

42

43

46

35

Time vs. Grade Point Average

a0..33

a0.40

0.03

0.'4

42

39

42

55

0.05

a0.43

-0.03

0.11

42

43

46

35

aSignificant at the .05 level.
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higher Ear high grade point average suhjects . In Group D, the va)_ue

1For r was 0.19 for the high grade

low grade point average subjects.

The relationship between grade point average and time varied

average group and -.20 for the

considerabl treatincn groups. 3roups A and D all r

vala,1 were positive and favored

In Group both values of r war

the hig7.71 ,grade point average su_ ects.

itive and favored the low grade

oir1t average subjects, and in Crop C the vajdle for r ran -d from

positive, for high grade p int average to low ncgative for

low grade point average subjects. In all treatment groups the high

grade point average subjects used a greate amount of time to comple e

.ictiona Time data are sumnarl _d in Table 22. fhe greatest

time difference occurred In Group B and the smallest in Group C.

TaOle 22

Mean Time per Instructional Unit, High vs.
Low Grade Point Average Subjects

Treatment H:gh
Group Grade Point Ave

Low
Point Average High-Low

al26.26 105.71 19.53

140.02 L12.74 27.28

11S.35 115.78 C0.58

98 116.54 28.44

aTijne utes.



,Irade point averagc subjects outscored low grade point

averge s _jacts on the Ach evoment Po3ttCst. The greatest differ noes

bet q---n high and low grado point average subjects <11 points) occurred

-ros A and B, and the smallest d'' e ence was found in Group D

Ira su±a IrA Thole

Tab e 23

Mean Scores from the Biology Achievement Posttest,
high vs. Low Grade Point Average Subjects

Treatment

Group
Low

Grade ?oint Average Grade Point Average

A 51

52

:LO

40

41

41

42

High-Low

11

11

0- the b= is of results obtained from multivariate tests which

compared subjects in all treatment groups on time used to complete

instructional u-its, Hypotheses 6 and 7 were rejected. Both the

organizational sequence of instimetional units and control (student vs.

teacher) of 'thin-unit experence sequences significantly affected the

a- ount me used by subjects in the completion of instructional units.

Se uenc_e_Hypothesis

Hypothesis No. 8 was designed to compare the within-ui'

expe-ience sequences used by subjects in the Student Sele ted Exper ence



group w h sequences utilized 1-,)y Teacher Directe x erien=e subjec

It wLs ac llows:

ivothe5is

-For college tUenS Stu,

course tauF

a .7,r.eral education

throuc_Th the audi -tut methoc, sequencLs of xpe 1-

instructional units -that are selected by students,ences within specif

will tot be similar to teacher directed sequences fu.-- ,.hose same units.

During the completion of each instructional unit within-unit

experience sequences used by subjects in the SSE treatment group were

recorded on a check List like the one included in Appendix J. A special

copter program was used to compare subjects' sequences with sequences

scribed for subjects in the TDE treatment group. Each student

sequence was first exaned for all possible two digit sequences

included in the "key" sequence. One point was awarded for each two

digit sequence in luded, regardless of its position in the total

sequence. Sequences were next examined for three digit sequences and

awarded two points fGr each. Four digit sequences were assigned three

Thus, for each student sequence, a total sdore was

calcula 7h student scores ialicated a sequence that was similar

or Identical to th "Rey" or TDE sequence.

It was arbitrarily decided that a student sequence would be

considered shnilar to the key if it had at least one-half of the items

in the ey sequence. This required a total score of approxImately 10

to 12 potnts (the number of items per sequence in different units

varied from 9 to 11). Sequences with scores

10 0

a cund 10 were individually
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compared with the key ..equence i_d a duision concerning similarity was

made. The numbers of identical and similar seqn nces for SSE groups

are shown in Table 24. Only one of the 10 groups produced similar

uences at a level heyord 5% of the total. The SBUS group had four

identical and thrE lar sequences on the Genetics unit for a 7 5

percentage. The number o similar sequences varied from zero fo

Respiration unit to seven for the Geneti unit. In all there were 15

L;imilar sequences out of a total of 940 examined.

A further test was made to try to determine the Dasis for

student sequencing. In this test the key sequence was the random

sequence of objectives on check lists see Appendix J) that subje

completed with each instr ctional unit (subjects were warned that the

sequences on the c eck lists were random). ResuLts of the test are

shown in Table 25. In all but one of the treatment groups more than

5% of the subjects used the random sequences from the check lists.

Percentages ranged from a low of 4.26% (SBUS gr up, Meiosis and Mitosis

unit) to a high of 19.15% (TDUS group, Genetics unit). Out of the 940

sequences examined, 66 were identical and 50 similar to a key based on

the random experience sequences from the check lists.

Hypothesis No. 8 was not rejected. Subjects who were permitted

to select within-unit experience sequences did not select sequences

similar to those prescribed for the TDE group.
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Table 24

Number of Within-Unit Experience Sequences Selected by
Student Selected Experience Subjects That Were

Identical Cr Similar to Teacher Directed
Experience Within-Unit Sequences

Instructional
Unit

Identical
Sequences

Similar
Sequences

Identical
Similar

% of
Total

Pho-zosyn h sis

-DLIS 94 2 2.13

TDUS 0 0.00

Resptration

SEUS L. 0 0 0.00

TDUS 94 0 0 0.00

Meiosis and Mito

SBUS 94 0 0 0.00

TDUS 94 0 2 2 2.13

Genetics

SBUS 94 4 7 7.45

TDUS 94 0 0 0.00

Control MechanismE

SBUS 94 1.07

TDUS 94 3.20

Total 940 4 15 1.60
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Table 25

Nunlb r of Within-Un t Experience Sequences Selected by
Subjects in the Student Selected Experence Group

That Were identical Or Similar to the Random
Sequences from Check Lists

Inst uctional
Unit

Identical
Sequences

Similar
Sequences

Identical
+ Similar

% of
Total

Photosynthesis

SBUS 94 5 14 14.90

TDUS 94 15 15.96

Respiration

SBUS 94 4 7 7.45

TDUS 94 9 12 12.77

Meiosis and Mltosis

SBUS 94 2 2 4 4.26

TDUS 94 11 11.71

Genetics

SBUS 94 4 7 11 11.71

TDUS 94 11 7 18 19.15

Control Mechanisms

SBUS 94 9 5 14 14.90

TDUS 94 5 5 10 10.64

Total 940 66 50 116 12.34

loa



Chanter Summ

Results from statistical tests were as follows:

1. Achievement Hypotheses - treatment grOUPS did not dIffer

.,ignificantly in biology achievement on any of the five scales of the

Achievement Posttest There was no significant interaction bc2tween

instructional unit seqUence and within-unit experience .-,equences which

differentially affected biology achievement.

2. Attitude Hypothesis - subjects who followed a teacher

directed sequence of within-unit experiences and subjects who selected

within-unit exper ence sequences did not differ significantly in their

attitudes toward audio-tutorial biology.

3. Time Hypotheses - significant differences in time u ed to

complete instructional units were found. Of these differences two

favored the TDUS group and one favored thq SBUS group. SSE subjects

used significantly more time than did TDE ubjects in the completion

of two instructional units.

4. Sequence Hypothesis - subjecta who selected within-unit

experience sequences (SSE treatment group) did not select sequences

similar to those presorSbed for TDE subjec

104
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DISCUSSION, CONCLUSIONS, AND RECOMMENDATIONS

Achievement Hypotheses

Hypotheses 1, 2, and 3 tested the s of different sequences

of instructional units and within-unit expe1,ience sequences on biology

achievement as measured by the Achievement Pos test. Hypothesis No. 4

was dn- gned to identify predictors of biology achievement. They were

as follows:

Hy othesis_No _1

r-- college students studying intro tory biology in a general

education course taught through the audio-t4torial method, the organ

zational sequence of instructio al units dos not affect biology

achievement.

Hypo hesis No=

For college students studying intr odictory biology in a gene a

education course taught through the audio-ttAtorial method, control

(student vs. teacher) of the sequence of exper ences within instruc-

tional units does not affect biology achievement.

3

For college students studying intr ry biology in a general

educa_ion course taught through the audio-t0Vorial method, there is no

91
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interaction between the organizational sequence of instructional unitc'

and control (student vs. teacher_ ) _f the sequence of experiences within

instructional units that 1.ffects biology achievement.

Hvnot -es

For college students -tudying introductory biolwy in a general

cat on course taught through the audio-tutorial metho there is no

single characteristic, or ct of characteristics, that will reliably

predict biology achievement.

Data used in testing these hypotheses were obtained from the

five scales of the Achieve-lent Posttest and student records. Statisti(;a1

tests included multiple regression analys..s and multivari te analysis of

variance. On the basis of results obtained, Hypotheses 1, 2, and 3 were

not rejected. Since a number of predictors of biology achievement were

iden ified, Hypothesis No. 4 was rejected.

Discusion of Achievement Hypotheses

Most of the variance in scores from the Achievement Posttest was

accounted for by factors that included grade point average, Sequence

Te-t score, SAT-Mathematics score, and time used to complete instruc-

tional units. Treatments did not contribute significantly to the

variance in Achievement Posttest scores. However, pretested subjects

in all treatment groups made highly significant gains in mean biology

achievement, and subjec s with high grade point averages in all t eat-

ment groups used the instructional method, to which they we e assigned,

more effectively than subjects with low grade point averages.

Thus, it appears that st ucture based and test determined unit

1 j6
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sequences wLre equdily effective in the promotion of -tudent ach eve-

ment. In other words five instructional units (Control Mechanisms,

(enetics, Meiosis and Mitosis Photosynthesis, and Respiration) can

apparently be put into a sequence that is based on scores from an

achievement pretest, or the units can be sequenced according to the

'ucture of biology units that include concepts that are necez,sa ily

prerequisite to other units are sequenced on that basis) ithout

sacrificing effectiveness as measured by a biology achievement test.

It might very well ba true that in courses similar to Basic

Biology, unit sequences are n t very important. Briggs (1967:8) has

suggested that " . . a 'logical' outline or 's ucture' may be

entirely useful for the professional to communicate with another about

matters which the both understand but useless in guiding a tudent."

Briggs furth claims that courses can be classified on the basis of

internal structure. Categories include: (1) flat, 2) v- tical,

3) hierarchical, and (4) mixed (some combination of 1, 2 and 3). Flat

courses are de cribed as courses in which sequence is unimporta t. It

could be that Basic Biology belongs in the "flat" category.

Teacher and student control of within-unit exper ence sequences

seem to be equally effective in the promotion of biology achievement

High grade point average subjects in both the Teacher Directed

Experience group and the Student Selected Experience group used the

control method, to which they were assigned, more effectively than low

grade point average subjects. Results obtained are in agreement with

those obtained by Stavick (1971); Campbell and Chapman (1967); Olsen

(1957); Brown (1966); Rainey (1965); and Hovey, Gruber, and Terrill
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(1963 ). All of these studies compared instruction that was teacher

controlled with various types of student controlled instruction.

Results obtained by sager and McCann (1961); Judd, hinder o_., and

3essent (1970); and Oliver (1971) are not in agreement wLth tho

obtained in the experiment. Although Mager and McCann did not report

istical evidence, they described learnel, conxrc,1 , as beiag

as good as, or better than, students studying ira regular c1asse.

group found that learner control subjects were significantly

better on the achi vement test for one instructional unit. Oliver,

on the other hand, found that learner cont -1 subjects did poorly on a

criterion measure.

Results ob ained in the present study aft: several of those cited

above suggest that programs which provide for learner control

instructional sequences ale as effective in the promotion of student

achievement as programs in which instructional sequences are controlled

by the instructor. This idea is described in a slightly different way

by Campbell and Chapman (1067:130).

If students directing their own learning can achieve at
the same academic level as students following thc best program
we can devise for them, perhaps we should not invest so much
time in arranging the exact format of instruction, hut rather

other areas of need such as clarifying objectives,
improving the basic content elements of instraction and the
means of evaluating progress, and motivating Learners.

Mager and McCann (1061:17) have suggested that instruction

which is rigidly patterned may actually inhibit learn g.

. the ever present instructor who tightly controls
the curriculum and its sequencing may even constitute a
significant hindrance in the path of the learners' progress.

another pa of their report Mager and McCann suggest that a teacher
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controlled sequence of instruction does not take into consideration what

the learner already knows and thus prevents the omission of segments of

instruction hat have been previously mastered.

While the present study did not atte pt to relate various

personality characteristics to achievement, results of the investigation

conducted by Smith (1971) suggest that such factors should be taken into

consideration in the assignment of students to instructional programs

with varying degrees of structare and student control. Since sub ects

in the present study vera randomly assigned to treatment groups,

Important personality factors should have been uniformly distributed

in each of the gx ups. Such an arrangement would tend to cancel out

any influence that personality characteristics may have had on the

achievement of subj ects in each of the four treatment groups.

Although the instructional methods u ed in the present investi-

gation did not include programmed instructica, results obtained on the

Achievement Posttest vere wIthin the range of acceptable success levels

for many types of programmed materials. The mean a hievement score

for all subjects was 46.12 (out of a possible 70 points on the Achi e-

ment Posttest ), and 50.70 for high grade point average subjects. On a

percentage basis these scores represent success levels of 65.88% for

all subjects and 72.42% for high grade point average subjects. This

provides further support for the effectiveness of all of the treatments

as methods of instruction.

In the present study the prediction of achievement for college

students in introductory biology courses was most effective when grade

point average, uence Test score, SAT4iathematics score, and time
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(used to complete instr ctional units) were used as predictors. The

best single predictor of biology achievement was grade point average.

These findings are in accord with those of Meleca (l966) who reported

that biology and mathematics aptitude were good predictors of biology

a.chievernent, and Sherrill and Druger (1S71) who found a positive

velanship between mathematics aptitude and biology achievem nt.

Summery for Achievement Hypotheses_

Data of the experiment supported Hypotheses 1, 2, and 3. The

organizational sequence of instructional units, and control (student vs.

tEacher) of ithin-unit e>cperience sequences did not have a differential

effect on biology achievement. There was no interaction between the

organizational sequence of instru tional units and control (student vs.

teacher) of within-unit experience sequences which different ally

affected bi logy achievement.

Data of the experiment did not support Hypothesis Grade

t average, Sequence Test score, SAT-Mathematics score, and time

( s d to complete instructional units) were reliable predictors of

biology achievement.

Atitude Hypothesi

Following the completion of the five instructional units of

the expe_--iment, th4 Student Reaction to Audio-Tutorial Basic Biology

attitude scale was administered to all subjects. Hypothesis No. 5 was

designed to compare the mean attitude scores of subjects in the Tea,her

Directed Experience and Student Selected Experience groups. It was as

follows:
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Hypothesis No. 5

For college stu-
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studying introductory biology in a gereral

education c arse taught through the audio-tutor al nethod, control

(student Vs. teacher) of the sequence of experie -es within instm

tional utits does not affect students attitudes toward the course.

When analysis of variance was used to compare the mean attitude

of subjects in the TDE and SSE groups, a significant difference
score

was not found. ypothesis No. 5 -was not rejected.

Discussion of Attitude ffypothesjs.

Student and teacher control of wIthin-unit experi nce sequezces

appear TO be equally effective in terms of their influence on students'

attitudes toward introductory biology t ught through the audio-tutcwial

approach. Results obtained for Hypothesis No. 5 were in agreement with

those obtained by Wodtke (1967). Wodtke found no significant difference

in subjects attitudes toward computer assi ted instruction when the

attitudes of subjects who had studIed mathematics and science through

the use of scrambled pr grams were compared with those of control

subjects who used standard, logically sequenced prog a

Results obtained for Hypothesis No. 5 were not it agreenent with

those obtained by Smith 1971). Smith found a significant relationship

between a personality characteristIc described as "sensing" and subjects'

titudes toward CAI, a specific CAI program, and the content of the CAI

program. Smith also found that the positive attitudes of sensing"

subjects were more pronounced when they were given more control of the

instructional sequence.
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In another study Jelden (1971 ) fourd that college students

who studied electronics in a multimedia program viewed learner control

instruction in a po itive manner.

Summary for Attitude H:pothesis

Data of tbe experiment supported Hypothesis No. 5. Control

(student vs. teacher) of within-un t expa.ience sequences did not have

a differential effect on students attitudes t- ard introductory biolory.

7ime_Hypothes_e_

Hypotheses 6 and 7 tested the effect of different sequences of

instructional units and within-unit experien e sequences on the amount

of time used to complete instructional units. They were as follows:

qypothesis go._ 6

For college students studying Introductory biology in a ge erel

education course taught through the audio-tuto ial method, the organi-

zational sequence of instructional units does not affect the amount of

time required to complete instructional units.

Hy thesis No. 7

For college students studying introductory biology in a general

education course taught through the audio-tutorial method, control

(student vs. teacher) of the sequence of experiences within instruc-

tional units does not affect the am unt of time required to complete

instructional units.

Data used in testing these hypotheses were obtained from student

Au -Tutorial Record Cards. For both of the time hypotheses
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significant differences mean time used to complete instructional
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units were found for three of the five instructional units. Hypotheses

6 and 7 were rejected.

Discussion of Time Hypothese,_ . _

Subjects in the Test Determined Unit Sequence group used

significa-tly more time than did subjects in the Structure Based Unit

Sequence group for the Genetics and Control Mechanisms units. SBUS

subjects used significantly more time to complete the Photosynth -is

unit. ;Xoth groups (TDUS and SBUS) took significantly more time to

complete the unit, or units, which were encountered first SBUS sUbjects

started with Photosynthesis and TDUS subjects sti-ted -ith Genetics).

The differences could have been a result of subject ' lack of

familiarity with experimental procedures. However US and TDUS

subjects completed several audio-tuto ial units prior to the study,

and both groups included a 7 acher Directed Experience group which used

pro edures that were very similar t- those used in preliminary units.

Thus the time differences for TDUS and SBUS subjects on initial

instructional units could have resulted from the sequencing activity

of SSE subjects. As the SSE subjects became more proficient in

establishing within-unit sequences, they apparently used less time for

instru tional units and -cime differences bet een TDUS and SBUS groups

became nonsignificant.

Subje-ts in the group that selected withIn-unit sequences of

experiences took significantly more time to complete two of the five

instructional units (Mitosis and M iosis, and Genet It seems
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likely that the additional tune used hy subjects in the Student

Selected Expe nce (SSE) group was expended in establishing a sequence,

since it was necessary for SSE subjects to examine objectives and

materials prior to the actual completion of act vities. If this is

the correct explanation for the differences, then permitting subjects

to select 'thin-unit sequences would offer no real advantage (since

the SSE gwoup was not significantly better than the TDE group in

achievement or in attitude toward the co se). However, if it can he

shown that there is some other important effect that results from the

utilization of addmtional t (such as better retention or understanding

which might occur if the time is being used far cognitive structuring),

then student selection of experience sequences would he justlfied.

In every treatment group the high grade point average subjects

used more time in the completion of instructional units than low grade

point average subjects. It seems that high grade point average subjects

were m re conscientious or more highly motivated than were the low grade

point average subjects. This finding is in agreement with conclusions

reached by Dubin and Traveggia (1968) in a review of research studies

that compared the effectiveness of different methods of instruction.

They concluded that no particular method of college instruction was

more effective In terms of examinati n performance and that t

spent in st dy did contribute to improved grades.

Findings of the present stucf were inconsistent with those

obtained by Judd, Bunderson, and Bessent (1970) ho reported no

significant difference in time for treatment groups in which subjects

were given diffe ent mmounts of control of a mathematics program. On
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the other hand, Newton and Hickey (1945) found that the amount of time

subjects used in the completion of an economics program was related to

the sequence of subconcepts in the program. Mager and McCann (1961)

reported a very significant reduction in time for subjects participating

in a learner control p _gram for engineers.

Su. ary for the Time Hypotheses

Data of the experiment did not suppor. Hypotheses 6 and 7.

The organizational sequence of instructional units, and the control

(student vs. teacher) of within-unit experience sequences did influence

the amount of time used by subjects in the completion of instructional

units.

Sesuence_Hypothesis

Hypothesis No. 8 was designed to compare the similarities of

within-unit experience quences selected by subjects in the Student

Sele ted ExperIence group with the sequence used by Teacher Directed

Experience subjects. It was as follows:

Hypothesis No. 8

For college students studying introductory biology in a general

cducation cour e taught through the audio-tutorial method, sequences of

experiences within specIfic instructional units that are selected by

students, will not be similar to teacher directed sequences for those

sane units

Data used in tes ing this hypothesis were obtained from check

lists completed by subjects during each audio-tutorial session. Out of
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940 sequences selected by subjects, only 15 were identical or similar to

teach : directed sequences. The largest number of similar sequences

pr_ _ced by subjects for a specific unit was seven. Hypothesis No. 8

WaS not rejected.

Dis-ussion of SeQuence Hypothesis

When subjects in the Student Selected Experience group were

permitted to select within-unit experience sequences, they did not

select sequences which were similar to those used by subjects in the

Teacher Directed Experience group. However, the sequences which we e

selected did not have a particularly detrimental effect on the achieve-

ment or attitudes of SSE subjects (mean achievement and attitude

of SSE and TDE groups were not significantly different).

Perhaps the lack of similarity between student selected and

instructor prescribed sequences was due to the fact that students -nd

instructors sequence experiences in totally different ways. Instructor

sequencing is based on a reasonably complete picture of the subject

area. Student sequencing is pr bably related to a variety of unknown

scores

factors.

is also possible that, in any group of students, some will

not want to sequence experiences. Friend, Fletcher, and Atkinson

(1972) have reported that stude ts who studied computer science through

use of a CAI program which permitted them to control the instructional

sequence, the actual amount of instruction, and review procedures were

reluctant to use control options. The fact that many subjects in the

present study used a random ience sequence, after being warned
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that check list sequences were random, is an indication that some

students
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have little desire to structure their learning experiences.

Mager (1961) reported that subjects studying electronics in a

learner control program used sequences that were similar to those of

other subjects, but considerably different from those used by instruc-

tors in conventi nel courses. He observed that subjects, with freedom

to select a sequence of experiences, progressed from a simple whole to

a more complex whole, or from the general to the specific. Mager

concluded that content sequences that are really meaningful to learners

are different from those that the instructors use.

Data of the experiment supported Hypothesis No. 8. Sequences

of ithin-unit experiences selected by students were not similar to

sequences prescribed by an instructor for those same instruct onal

units.

Conclusions

1. Since different unit sequences did not have a differential

effect on biology achievement or subjects' attitudes toward the course,

the approach to sequencing instructional units (Photosynthesis,

Respiration, Mitosis and Meiosis, Genetics and Control Meehan s

in college introductory biology courses should be based on instru o

and/or student preference.

2. If instructor time is limited, students in college

introductory biology courses should be permitted to devise within-unit

experience sequences.
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If a major goal of an instructional program is efficiency

(maximum student learning minimum of i st uctional tim ) the

within-unit sequences for college introductory biology course: should

be teacher directed.

4. Factors which include grade point average, score from an

entry level biology achievement test- and SAT-Mathematics score should

be used in the advisement of college students seeking enrolluent in

introductory biology courses.

5. Since all of the various combinations of instructional

unit sequences and control forms (for -ithin-unit experlence sequences)

e effoctive in the enhancement of students biology achievement,

they should all be considered acceptable as methods of biology instruc-

tion for students similar to those included in the experiment.

6. Because students with high grade point averages achieved

at a much higher level then did low grade point average students (in

all treatment groups), the instructional methods represented by the

four treatments should be considered especially effective and d sirable

for use with high grade point average students.

Recommendations for Further Stud

1. A study in which individual students are per itted to select

instructional unit sequences should be condUted. The study would be

technically complex, but could be conducted if treatment groups were

kept small. If objectives were carefully structured, the achieve ent

and attitudes of subjects could be compared with those of subjects

following an instructor prescribed sequence of units.
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2. The present study should be repeated with an entirely

different group of subjects. Many studies that have tested the effects

of various instructional methods on stud attitudes and achievement

have utilized students in general education courses as subjects.

Results obtained in these studies should be compared with those

obtained from similar studies involving upper--level courses for students

majoring in specific a eas. The present study could be repeated using

students in General Zoology or General Botany a s subjects.

3. Additional studies in which students are permitted to select

sequences of experiences are needed. An attempt should be made to

determine the basis for student selected sequerces. This information

would be useful in the development of more effective instructional

programs. Since a great many studies that have co pared learner control

with teacher or program cont ol on the ba f tudents' achievement

have reported nonsignificant differences, a h for moreoth

sensitive dependent variables should be made.

4. Valuable information for the indixi ualization of biology

instruction might be obtained from a study Of learner control in which

emphasis is placed on the identification of student characteristics that

can be used to pres ribe different amounts of learner control and/or

teacher direction for individual learners.

5. Since high grade point average sbjcts used more time than

low grade point average subjects and scored higher on the biology

achievement test, a study in which time is controlled should be

conducted. This would make it possible to determine the effect of
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increased instructional time on the achievement of -low grade point

average subjects.

6. The effect of different ins _uctional unit sequences, and

various forms of control for w thin-unit experience sequences, on

students' retention of important biological principles should be

explored.

7. The relationship between specific persona. _y factors and

the effective utilization of different combinations of instructional

unit sequences and forms of control for within-unit experience sequences

should be investigated. If it can be shown that certain personality

types use specific instructional sequences and control forms more

effectively than others, matching of students to approplate instruc-

tional progr_:s would be great* facilitated.

Sumnaroftl

The effects of two diff rent sequences of instructional units

and two forms of control fon within-unit experience sequences on the

achievement and attitudes of students in a college introductory biology

course were investigated.

In the experiment, 376 undergraduate students studIed five

instructional units through the audio-tutorial method during a five

week period. Instructional units included Photosynthesis, Respiration,

Mltosls and Meiosis, Genetics, and Control Mechanisms In addition to

independent study sessions (ISS), subjects attended a weekly discussion

period in which probls encountered in the ISS were discussed.

Instructional unit sequences included a Structure Based Unit
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Sequence (SBUS) and a Test Determined Unit Sequence (TDUS). The SBUS

was based on an analysis of major concepts included in the five

instructional un ts. Units including concepts considered prerequisite

to other units were put into the sequence on that basis. The unit

considered to be dependent on the other four was given terminal status

in the secuence. The TDUS was based on results obtained from the

inistration of an achievement pretest which included a scale

each instructional unit. The TDUS began with the unit on which subjects

sco ed highest and moved progressively to instructional units represented

by lower mean achievement scores.

The two forms of control for ithin-unit experience sequences

were Teacher Directed Experience (TDE) and Student Selected Experience

(SSE). TDE subjects followed a teacher-prescribed sequence while SSE

subjects us d lists of objectives and related activities to select

within-unit sequences.

Upon completion of the experimental units, treatment groups did

not differ significantly in biology achievement or attitude toward the

biology course. When subjects in the SBUS and TDUS groups were compared

on the basis of average time used to complete instructional Units,

significant differences favored the TDUS group by two to one. Both

groups used a greater amount of time to complete the units they

encountered first in a sequence. SSE subjects used significantly more

time than TDE subjects on two instructional units.

Other findings included; 1) a combination of factors which

included SAT-4athematics score, grade point average and the score from

a biology achievement pretest were the hest predictors of biology
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ac evement, with -unit exn _ience sequences s lected by SSE

subjects we e not similar to those prescribed by ai instrctcr' for that

same unit, ) subjects with high grade point averages used more time

to complete instructional units and scored higher om th chievenient

posttest than did low grade point average s bj cts, and subjects

in all treatment groups made highly significant gains in achievement.
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Appendix A

Flow Chart Used in the Analysis of Concepts
Included in an Instructional Unit
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Appendix B

instructions for Subject in Teacher Directed and
tudent Selected Treatment Groups

Student Selected Experience Group

1. Find the sheet titled Cheek Li Snan the objectives that it

includes and set up a sequence thaL you will fcliow in completing

the unit. Please avoid the .equence on the sheet; it is a random

secuence. Arrange the objective cards in the sequence you have

established. Flip them as you move through the unit.

There is a plastic notebook in your booth labeled Audio Script It

includes a sheet (or sheets ) of information related to the objec-

tives. (Objectives are listed at the top of each sheet.) The

information provided is the same as that on the tape (the Tape

Index Number indicates the place, on the tape, where the information

is located). In completing the unit you may use the audio script,

the tape, or a combination of the tape and audio script. PLEASE

do not remove the audio script from the booth. A musical signal

indicates the end of the information related to an objective.

Activities that are between musical signals will be indicated by

a bell.

As you complete each objective use the sheet headed Check List to

indicate the sequence you have used (put a "1" behind the objective

completed first, etc. ). Give this to the instructor when you have

completed the unit.

When you have completed the activities for the first objective,
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select another (use the c, d file) and proceed as bfore. Continue

in this manner until you have completed all of the objectives.

Teacher Directed Experience Groun

1. In your booth you will find a set of mimeographed mat, ials. These

papers contain the information that is on the tape.

2. In completing the unit you may use the tape, the mimeographed

sheets, or combination of the tape and mimeographed sheets.

Please do not remove the sheets from your booth.
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Appendix C

Excerpts from Audio Se ints for Teacher Directed and
Student Selected Experience Sequence Groups

a Teacher Directed
Lxnerience Audio Script

Meiosis and Xi o

1114

In the middle of the last century, biologists first observed

cells. They knew that the growth of organi..ms involved al, increase in

cell number, but the explanation of how one cell produced another

remained obscure. It has now been well established that cell division

involves two separate sequences. One, the duplication of the nucleus

into two identical nuclei, and two, the division of the cytoplasm. The

nucleus contains the chromo-omes which are made up of genes and a gene

contains the genetic information for a single her'-able trait. Every

cell has a complete set of genetic material; therefore, when cells

divide each cell must receive a copy of every gene.

The genetIc code is stored in the double stranded DNA molecule.

So if the genetic code is to be duplicated then the DNA must be

duplicated. At this point we need to look at the way in which this

duplication takes place. Accurate duplication is possible since a

given base '11 pair -ith only one other base. Now look at section A on

page 1 in your study guide.

The DNA strand in diagram 1 represents a portion of a molecule

before cell division. The strands are bound together by bonds between

the bases of the two strands1 The two strands start to separate. We
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:it 3NA unzips, because the bonds holding the nitrog n bases

of te two otc strands in c3 j- proximity break. In diagram 2 this

nz i o1; quite

two pairs of baso-

plCe Lc.ause as you can see thore aro still

nd togther. The synthesis of the new straflds has

already started for tha far right of each of the old strands. The base

seau-2nce on the new strands is predetermined since a given base will

pair with on3y a specific one of the other three. When the .ynthesis Is

complete two identical molecules are formed. These are shown in diagram

3. If you do not fully unserstand this process, review Figure 17.2 on

Pa

Z.1

e 240 of your text. Where do the parts for the .ynthesis of the

ridual nucleotides come from? Ribose can be obtained from glucose.

_gen bases can be formed from intermediates ln metabolic pathways.

For imple, purities come from PGAL. Pho.phate is taken in as a

nutrient from an external source We take it in as part of the food

supply; plants absorb it fr,om the soil.

We know that the DNA is an important component of chromosomes,

so lot us say s mething about the dupl cation of chromosomes. Look at

diagram 4 on page 2 in your study guide. The top diagram labeled "a"

shows one chromosome. The DNA is indicated by the helical structure

within the chromosome. The remainder of the diagram represents prote

Note in the diagram labeled "b" that the helical DNA is duplicating.

The newly synthesized prtion of the DNA is sho n in red. Finally ii

the lower portion of the diagram labeled "c" chromosome duplication is

plete. At this point the chromosome is said to be composed of two

chromatids, each with a duplicate copy of DNA. The chromatids are

joined tog_th at a location called the centro ere. After cell

129



116

division, the chamatid s with their duplicate copies of DNA end u_ in

separate cells. Now see if you can relate the events in diagram 1

_ in your stu_y Guide with ev'nts - diagram 4. DIagr MS T.

and 3 show how one molecule of DNA duplicates. Diagram 4 siows -hat

happens on a larger scale when one chromosome which contains replicating

DNA duplicate- and becomes two chromatids.

Excerpt ---- a Student Selected
erienc-e Audio Script_

3BJECTIVE

Give -xamples of plant and animal cells that divide mitotically.

TaalLILE7L, Nunber

Audio Script

In unicellular organisms, cells resulting from cell division are

genetically identical organisms. But in multicelluler or many celled

organisms cells resulting from cell division usually stay together.

They may enlarge and begin to differentiate into specialized _ells that

will play some vital role in the organism. For example, in an animal,

cells might become flattened and eventually form epithelial tissue which

lines the inside of our cheeks. In the case of plants they might become

part of a tissue found in the roots, the stems, or the leaves. Areas

where cell division takes place in plants are confined to the meristems- . -

at the terminal areas of the root and the stem. In animals, areas of

cell division are rather widespread. Rates of division vary; the

highest are generally found in embryonic regions, the lowest in aged

tissues. Some cells cannot reproduce at all, for example, nerve cells
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cannot he rep,i ed. Muscle and liver cells seldom divide. However,

most. cel do retain the potential to repr duce.

o BJECTIV.:7=

Distin7uish between naploid and diploi (2n).

0 ve examples of ant and animal cells that divide mei tically.

lane

Activities

Study Guide - Diagram 7

Audio Script

The genetic material is stored in structures called chro osomes.

In order to understand the signif cance of the sexual process it will be

e5sary to emphasize the relation hip of chromosome numbers to the

organism. Each species of plant or animal has a specific number of

chromosomes in each cell. For example, man has 46 chromosomes per cell.

Watch Diagram 7 while we discuss the human life cycle.

Both the egg and the sperm contain one set consisting of 23

chromosomes. But each cell of adult man contains two sets or 46

chromo o es. Where do the 46 originate? When gametes (sex cells)

fertilization, two -ets of chromosomes come together in a single

cell. Thus, man gets 23 chromosomes from his mother and 23 from his

father. These 46 chromosomes are made up of 23 pairs. One member of

each pair comes from the egg and the other comes from Lhe sperm, or one

member of each pair comes from the mother and one from the father. The

chromosomes which make up a single pair contain genetic information

(genes) controlling the same traits.

use
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01..ce the cells of adult man have two --ts of chromosomes,

are said to be dipioid. Cells such as gametes (which ar- produced by

botn

haoloid. The change

resu

, and anim have only one set of chror.00mes and

romoscme number (from diploid to haploid)

13 2
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Jay F. Davidson, Ass --ant Professor of B.ology, Shippensburg State

College, Shippensourg, Pa.

Herbert E. Hays, Associate Professor of Biology, Shippcnsburg State

College, Shippensburg, Pa.

on W. Kreger Professor of Biology, Shippensburg State College,

Shippensburg, Pa.

4. Robert D. Reed, Assistant Professor of Biology, Shippensburg State

College, Shippensburg,

5. Richard W. Wahl, Assistant Professor of Biology, Shippensburg State

College, Shippensburg, Pa.



1. Oganinsth
class:Zied as
(1) heterotrophs

) holotrophs
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Appendix F.

Sequence Test

produce energy rich fuel molecules (sugar, etc.) are

(3 ) saprotrophs

(4 ) autorrophs

e component of visible light that has short wavel

energy is
(1) blue
(2) red

In certain cells of green plants
initially in structures called
(1) mitochondria

(2) ribosomes

(3 ) green
(4 ) yellow

ngth and

cabobvdrate molecules are

4. A factor that does_not affect the ra
oxygen concentration

(2) light intensity

(3 ) chloroplasts

(4) lysosOMeS

of photosynthesis Is
(3) CO2 concentration
(4) temperature

high

_duced

5. PhotosynthesIs ConSists of two phases or reaction sequences which
are referred to as the light reaction and dark reaction. The dark

reaction occurs
(1) only in the presence of light
(2) only in darkness
(3) in either light or darkness
(4) only during extended periods of darkness

The carbohydrate produced during photosynthesis is from the
(1) light reaction which involves chemical oxidation
(2) light reaction which involves chemical reduction
(3) dark reaction which involves chemical oxidation
(4) dark reaction which involves chemical reduction

Substances required for the dark react
produced in the light reaction inclUde
(1) CO2 H

2
0 (3) H

2
0 0

2

2) ATP NADPH
2

( ) RDP PGAL

of photosynthe is that
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equation that includes the reacting materials and products for
pl-.otozynthes

(1) C _H
16-12

(2) CO-
2

3) CO

12 6

C H6 1

CO- C H-OH
2 -2 5

--a-7> 02 H00

12
--06 0

=> CO002

9. Chlorophyll is essential in photosynthesis because it_
(1) reflects red and green light (3) reflects green and blue light
(2) absorbs red and blue light (4) absorbs green and blue light

10. A technique that is used to separate the com onents of complex
mixtures of chemic 1 substances (e.g. plant pigments) is
(I) centrifugation (3) autoradiography
(2) microscopy (4) chromatography

More directly usable energy is produced during -hich of the
following ce1lu7.ar processes?
(1) anaerobic repiration (4) aeroold respiration
(2) protein syntl-c,-.1 (4) alcoholic fermentation

Energy is releas-d from fuel molecules in which of the following
organelles?
(1) mitochondria
(2) rihosomes

(3) chloroplest
(4) lysosomes

13. Cellular respiration
(1) does no_ occur in green plants
(-) occurs in both plants and animals
(3) occurs in plants duri g darkness but not in light
(4) occurs in all animals but only in plants that lack chlorophyll

14. An equation that includes the reac ing mate ials and products for
aerobic respiration is
(1) 00 H C H

-2 -2
0 61206 02

(2) CO
-2

0
2

3) C ,1206 02

(14) C6H12°6

C 0 H
12 6 2

co H 0
2 2

C
2
H Oi
5-

15. When cellulal' respiration is considered in a yea--1 way which
of the following is true?
(..) it involves chemical oxidation and is energy releasing

(2) it involves chemical oxidation and is energy consuming
(3) it involves chemical reduction and is energy releasing
(4) it involves chemical reduction and is energy consuming
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16. e'n's Cycle and electron transfer reactions are typical of
aeroic respiration
the li7,ht reaction of photosynthesis
--erobic respiration

the dark reaction of photosynthesis

17.
! Gly-olysis

A

I

L,lectron

1 Transfer 1
System

Cycle
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The above diao.ram represents aerobic respiration. Most of the ATP
produced during aerobic respiration comes from
(1) A (3) A and B

(2) B (4) C

18. The energy carrier molecule (which traps energy released in cell
respiration and makes it available for processes which consume
energy) in living cells is
(1) glucose (3) AT?
(2) DNA (4) PGAL

19. Which of the following is true?
(1) glycolysis (which converts glucose to pyruvi acid) occurs in

aerobic respiration
(4) glycolysis does not occur in the fermentation process
(3) glycolysis occurs in anaerobic but not in aerobic respira ion
(4) glycolysis does not occur in plant cells

20. Living organisms can extract more energy from which of the following
types of molecules?
(1) carbohydrates (3) proteins
(2) fats (4) nucleic acids

21. That a sample of tissue has come from the testis of a cat and not

from its kidney can be determined by the presence of cell
(1) in various stages of mitosis
(2) with the diploid chromosome n -ber
(3) which lack nuclei
(4) with the haploid n_ ber of chromosomes
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22. In animals, gametes (sperms and eggs) are produced through
(1) meiosis which reduces the number of chromosomes
(2) mitosis which reduces the number of chromosomes
(3) meiosis which does not change the number of chromosomes
(4) mitosis which does not change the number of chromosomes

23. A cell having 20 chromosomes would, during mitosis, give rise to
two cells each of which would have a chromosome number of
(1) 10 (3) 40
(2) .20 (4) 80

24.

The above drawing represents a stage of mitosis in a plant cell.
The stage is
(1) interphase 3) metaphase
(2) prophase (4) anaphase

25. As compared with the amount of DNA contained in the body cell of
the frog, how much DNA is found in the_sperm cell of the frog?
(1) 1/4 as much (3) an equal amount
(2) 1/2 as much (4) twice as much

26. Human body cells have 23 pairs of chromosomes in their nuclei.
A term that is used to describe cells that have the maximum number
of chromosomes for a particular species is
I) diploid (3) polyploid

(2) haploid (4) monoploid

27. Sexual reproduction is typical of
(1) plants only
(2) animals only
(3) both plants and animals
(4) all animals but only flowering plants
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In the above series of pictures "1" represents the nucleus of a cell
taken from the leaf of a common green plant. Questions 28 and 29 rela e
to the four lettered diagrams.

28. A functional sperm nucleus from a pollen grain produced by this
plant could resemble

(1) A
(2)

(3) C
(4) D

29. The nucleus of a zygote formed from normal gametes in this plant
would most likely resemble
(1) A (3) C
(2) Ei (4) D

30. Crossing over (a process through which adjacent chromosomes
exchange segments) occurs during
(1) prophase of mitosis (3) telophase of mitosis
(2) anaphase of meiosis (4) metaphase of meiosis

31. The total genetic code (or hereditary information) is stored in-
human cells in which of the following
(1) RNA (3) DNA
(2) NAD (4) a gene

32. Protein molecules are synthesized in
(1) mitochondria (3 ) ribosomes
(2) cbloroplasts (4) the cell nucleus

33. Hereditary information is transferred from the cell nucleus to
special areas in the cytoplasm by

(1) DNA (3) transfer RNA
(2) messenger RNA (4) genes

34. Protein synthesis as an overall process is
(1) endergonic or energy consuming
(2) endergonic or energy releasing
(3) exergonic or energy consuming
(4) exergonic or energy releasing
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35. Fotein molecules are essential in living cells because they are
subunits in amino acid molecules

(2) primary fuel molecules
(3) enzymes
(4) denatured by excess heat

Energy for the s ynth sis of protein molecules comes from
(1) DNA (3) enzymes
(2) ATP (4) peptide bonds

37. Systems in living organisms tend to self-adjust. This results in
physiological stability or maintenance of the "steady state." A
very general term that is used to describe this phenomenon is
(1) unbalanced feedback (3) osmoregulation
(2) homeostasis (4) tropic response

33. The human kidney maintains the concentration of substances in the
blood by reabsorbing them from the tubules. An item that is
reabsorbed in large quantities is
(1) H20

(2) pro_ in

(3) urea

(4) red cells

39. Breathing rate in man is controlled by a center in the brain which
the blood) of which of theis sensitive to the concentration

following?
(1) hemoglobin
(2) 02

(3) red cells
(4) CO

2

KEY C) = a phosphate group

E=3 a sugar molecule

Letters A,

T, C, and G = nitrogen bases

40. The above -,tructure represents a small segment of
(1) a protein molecule 3 t-RNA
(2) m-RNA (4) DNA

41. New comb nations of genes result from

(1) mitosis in the body cells of animals
(2) mitosi-, in the gametes (sex cells) of animal
(3) meiosis in the body cells of animals
(4) meiosis in the gametes (sex cells) of animals
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42. An organism that has identical alleles (different forms of a gene)
for a particular trait is described as
(1) homozygous (3) heterozygous
(2) monozvgous (4) isozygous

43. An organism has both alleles of a gene for a particular trait. How
many different types of sex cells (with respect to only this t ait)
can this organism produce?

(1) 0 (3) 2
(2) 1 (4) 4

44. An allele that completely masks or conceals the presence of its
other form is
(1) incompletely dominant (3) dominant
(2) recessive (4) codominant

The punnett scuare shown belo: represents possible patterns of inh7ri-
tance in dihybrid crosses where black (B) is dominant to wh te (b) and
straight hair (S) is dominant to curly hair (s).

BS

Bs

bS

bs

BS bS bs

Q U Y

V Z

S W F K

X

Questions 45 and 46 are based on the above information.

45. The genotype for organism of
(1) Bbss
(2) black with curly hair

Ilyt is

(3 ) BBss

(4 ) white with straight hair

46. The phenotype for organisms of type "K" i$
(1) black, straight hair (3) white, straight hair
(2) bsbS (4) bbSs

F igur e . 1.

47. Figure 1 represents a cross between two heterozygous parents.
is dominant over "r". The phenotype ratio in this cross is
(1) 1 : 2 : 1 (3) 4 : 0

(2) 3 : 1 (4) 1 : 1
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48. The genotvDe ratIo for the cross represented in Figure
(1) 1 : 2 : (3) 4 : 0
(2) 3 : 1 (4) 1 : 1

49. A male with a Tt genotype (for a particular trait) is crossed with
a female of the same genotype. What is the probability that a tt
offspring will be produced?
(1) 1/2 (3) 1/8
(2) 1/4 (4) 1/3

50. An organism has a Tt genotype for a particular trait. The parents
of this organism could have which of the following genotypes?
(1) TT and TT (3) TT and tt
(2) tt and tt (4) T and t
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Appendix E, Table 26

Point= iserial Correlations, Discrimination Indices,
and Difficulty Indices for Questions

from the Sequence Test

Questio_ -o. aPBC bDI CI of D

1. .28 21.67 .28

2. .12 35.96 .02

3. .15 59.61 .14

4. .20 36.45 .28

.11 23.65 .14

.03 9.85 .00

7. .06 25.12 .12

47.29 .46

9. .14 22.66 .24

10. .15 49.26 .24

11. .09 27.09 .04

12. .36 41.87 .44

13. .32 72.91 .40

14. .35 37.44 8

15. .18 32.51 .26

16. .29 49.- .38

17. .06 20.69 .00

18. .33 49.75 .42

19. .28 37.93 .40

20. -.06 11.82 -.06
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Table 26 (continued

Question No. aPEC bDI cI of D

21. .24 35.96 .32

22. .25 16.75 .16

23. .21 44.83 .20

24. .08 47.78 .10

25. .30 26.11 .28

26. .32 27.59 .36

27. .07 24.14 .04

28. .26 30.54 .26

29. .25 24.63 .20

30. .16 29.56 .20

31. .28 46.31 .34

32. .23 59.11 .30

33. .19 53.20 .30

34. .24 26.20 .22

35. .20 29.06 .24

36. .13 23 65 .16

37. .30 51.23 .40

.21 36.95 .28

39. .24 18.23 .26

40. .24 35.96 .30

41. .20 41.38 .18

42. .39 46.80 .54
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Table 25 (continued)
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Question No. aPBC bDI cI of D

43. .08 37.44 .16

44. .30 68.47 .32

45. .24 48.77 .28

46. .29 50.25 .36

47. .27 46.31 .34

48. .28 35.96 .30

49. .34 51.72 .40

50. .32 72.91 .32

aPBC Point-Biserial Correlation

bp' - Difficulty Index

I of D - Index of Disc imination
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Appendix F

Achievement Posttest

1. For the visi le portion of the electromagnetic spectrum, which of
the following is true?
(1) red light has higher energy than blue light.
(2) red light has shorter wavelength than blue light.
(3) green light has less,energy than red light.
(4) blue light has short wavelength and high energy.

2. An experiment was set up involving autotrophic plants, all of the
same species, under the influence of light of different colors. In

any given period of time, in which light would the plants probably
release the least amount of oxygen?
(1) red. (3) green.
(2) orange. (4) violet.

absorption

RED GREEN BLUE

3. The above graph renresents the absorption pattern for a mixture of
pigments from an exotic plant. A true statement that might be made

about the plant is that it
(1) is green. (3) ab orbs light.
(2) is photosynthetic. (4) reflects mostly blue.

4. The light reaction of photos-
(1) in both light and dark.
(2) only in dark.

hesis occurs
(3) only in light.
(4) in either light or dark.

In green plants the reactions of photosynthesis occur in
(1) chloroplasts. (3) mitochondria.

(2) rihosomes. (4) vacuoles.
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nromatography can be used to separate the pigment molecules in a
mixture because
(I) chlorophyll is soluble in alcohol.
(2) smaller molecules move up the paper column very rapidly.
(3) pigment molecules that are more soluble in the solvent move

farther up the paper column.
(4) the paper column interferes with the movement of non-chlorophyll

type molecules.

7. From the list below identl y the products of the light _reaction of
photosynthesis.
(1) NADP, ADP and H O. (3)-and HCO2

2-
O.

PGAL and H_
-2°

(4) NADPH
2'

ATP and 0
2.

8. Oxygen given off by a particular plant during photosynthesis is
found to be radioactive. Other substances involved in the process
are tested. Which of the following will be radioactive?
(1) H2_O. (3) glucose.

(2) CO2. (4) PGAL.

g. We often sfleak of "limiting factors" in biology, that is,
conditions or substances which limit processes by absence or by
inappropriate amounts. Which of the following would not limit
photosynthesis, regardless of presence, absence, or quantity?
(1) oxygen. (3) light.
(2) CO2, (4) water.

10. Which of the following substances, supplied to a green plant kept
in the dark, would make it possible for the plant to remain alive?
(1) NAD alone. (3) NAD and CO2.

(2) PGAL. (4) 1i20 and CO2.

11. Which environmental change is most likely to
photosynthesis in a bean plant?
(1) a drop in temperature to 15° C.
(2) an increase in the intensity of green light.
(3) a rise in the oxygen concentration in the air.
(4) a rise in the carbon dioxide concentration in the air.

-ease 'e rate of

12. In the dark reaction of photosynthesis PGA is reduced to PGAL.
This reduction requires
(1) ADP and NADP. (3) ATP and NADPH

2

(2) NAD and ATP. (4) light and chlorophyll.
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13. A green plant is kept in the dark for several days. It is then
placed in light hut deprived of CO2. After several hours its
leaves give a negative starch test. This is because
(1) the light reaction of photosynthesis is accelerated.
(2) 02 from CO2 is released in photosynthesis.

(3) darkness destroys chlorophyll.
(4) carbon dioxide is necessary for the dark reaction of

photosynthesis.

14. Which of the following represents the overall process of photo-
synthesis?
(1) carbon dioxide + water glucose + oxygen + carbon dioxide.

(2) glucose + water carbon dioxide + water.

(3) carbon dioxide + water glucose + oxygen.

(4) glucose + oxygen carbon dioxide + water.

15. The overall description of aerobic respiration which includes
reactants and products is
(1) glucose alcohol + carbon dioxide.

(2) carbon dioxide + water sugar + water.

(3) sugar + oxygen carbon dioxide + water.

(4) carbon dioxide + water

15. Which life function 1_ represented by the diagram below?

glucose

carbohydrate + oxygen + water.

enzymes
- > ethyl alcohol + CO2 + ATP

(1) anaerobic respiration. (3) aerobic respiration.

(2) photosynthesis. (4) Kreb's citric acid cycle.

17. Heterotrophic animal cells carrying on aerobic respiration were
placed in an artificial atmosphere in which all the oxygen present
was oxygen-16 (a radioactive form of oxygen). During respiration
the cells took in and used oxygen-16 just as they would use
ordinary oxygen-16. The oxygen-18 would most likely leave the

cell as part of a molecule of
(1) glucose.

3) 1120'

(2) CO
2'

(4) pyruvic acid.

18. Most of a cell's ATP Is produced
TIrduring glycolysis.
(2) during the C3 C2 stage.

(3) during the Kreb's cycle.
(4) during the cytochrome sys em s age.

1 7
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19. _ e yield of energy from anaerobic respiration
(1) is greater than from aerobic respiration.

is smaller than_from aerobic respiration.
the same as in aerobic respiration.

(4) varies depending on whether a plant or ani al is considered.

20. The synthesis of ATP in respiration

process involving the ": emoval of" e-
(1) CO2.

(2) water.

essentially an oxidation
-gy from

oxygen.

electrons.

21. The nroduct(s) of the energy-yielding breakdown of
yeast cells in t e absence of ample oxygen is (are
(1) lactic acid.
2) alcohol and carbon dio-

(3) pyruvic acid and water.
(4) acetic acid and carbon dioxide.

ucose in

22. Cellular respiration can occur in living protoplasm at temp ratures
that are much lower than those at which combustion in non-1 ving
things occurs because
(1) more oxygen is used by the protoplasM.
(2) less carbon is present in protoplasm than in non-liv ng things.
(3) enzymes are present in protoplasm.
(4) protoplasm releases less carbon dioxide during the process of

combustion than do non-living things.

23. In the metabolic breakdown of glucose to yield carbon dioxide and
water, most of the different reactions which represent oxidations
are those in which
(1) molecular oxygen is added to a carbon-containing molecule.
(2) a water molecule is added to a carbon-containing molecule.
(3) hydrogen atoms are removed from a carbon-containing molecule.
(4) carbon-containing molecules are split into halves.

24. The common immediate source of energy in cellular activity is
(1) PGAL. (3) NAD.
(2) ATP. (4) glucose.
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25. In exp aining aerobic respiration, a etudent made thk following
genera_izations.

The carbon dioxide produced is the direct result of Kreb Cycle
chemistry.

Oxygen in the cells functions as a donator of high energy
electrons.

All biochemical energy in the form of ATP is packaged in the
electron transport system.

The process is common only in animal tissue.

Which is the best summary of his knowledge?
(1) Excellent! Correct on all points.

(2) Poor: He should review the topic.
(3) Good, but a little weak in which organisms have aerobic

respiration.
(4) Fair, but confused on the Kreb's Cycle.

26. Which of the following is not an energy consuming process?
(1) osmosis in root hairs.
(2) active transport in human kidney cells.
(3) movement (total organism).
(4) synthesi of large molecules.

27. Which of the following includes molecules
living cells?
(1) ATP, glucose and CoA.
(2) NADPH2, glucose and ATF.

(3) FGAL, glycogen, and glucose.
(4) CO2, fats and pyruvic acid.

28. Which of the following is true?
(1) glycolysis occurs in mitochondria.
(2) Kreb's Cycle reactions occur in the cytoplasm.
(3) glycolysis and Kreb's Cycle reactions occur in mitoch dria.

(4) glycolysis occurs in the cytoplasm.

are respled in

29. Which of the folio
(1) mitosis occurs
(2) meiosis occurs
(3) meiosis occurs

animals.
(4) meiosis and

g is true?

ln plants, but not in animals.
in animals, but not in plants.
on1y in plants and mitosis occus only

itos occur in both plants and animals.

in

30. To the species involved the chief advantage of sexual reproduction

is that it
(1
(2

(3

(4

keeps the DNA material constant from
protects the embryo.
leads to new DNA combinations.

involves two organisms.
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An advantage of asexual reproduot on in the propagation of a
superior strain of an ornamental plant is that
(1) this method offers the possib lity of improving the

(2) asexual reproduction guarantees larger numbers of
than would sexual reproduction.
asexual methods offer an increased chance of uniform cuality.
asexual methods tend to eliminate weaknesses from the plants
involved.

32. Which would be the result if, during the process of mitosi
ch omosomes did not replicate themselves?

sperm cells would have double the number
in the parent cell.
-ach daughter cell would have the same number of chromosomes
as the parent cell.
each daughter cell would have double the number of chromosomes
present in the parent cell.

(4) each daughter cell would have half as many chromosomes as the
parent cell.

.osomes present

33. A major difference between meiosis and mitosis is that
(1) in mitosis chromosomes pair up prior to duplication.
(2) in meiosis chromosomes pair up prior to duplication.
(3) tetrads are involved in mitosis.
(4) metaphase occurs in meiosis.

34. Chromosomes do not occur as homologous pairs in
(1) fertilized eggs. (3) zygotes.
(2) gametes. (4) body cel

35. If each line represents a chromatid, then mitosis in a cell w ich
has one pair of chromosomes in its nucleus is represen ed by

(2) --)

(4 )

If the symbol > is used to indicate that an item is an integral
part of a larger more complex structure (ex. glucose > starch
molecule) then the arrangement for the genetic material is
(1) DNA > chromosomes 7 genes. (3) DNA genes > chromosomes.
(2) genes < DNA < chromosomes. (4) genes > DNA > chromosomes.
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37. In a _ormal bouy mai of a --zer ta in shark there are 24 chromosomes.
iow ;rany ..hrorhoseme are li:koly to be found ia each gamete produced
by this animal?
(1) e.
(2) 12.

24-
48.

Game es

38. In the above diagxasr. (-..thieh represe s an animal 1ie cycle)
mitosis occurs at
(1) 1.
(2) 2.

39. The above dia -am reTpresents
(1) prophase in an azthnal. cell.
(2) metaphase in a paant
(3 ) anaphase in an azlioal Cell-
(4) interphase in a D1ant or animal

40. Chromatids, resul4cing frorn tie duplica
mitosis, are held toRetkr by
(1) astral rays.
(2) spindle fibers.

41. Crossing over dur:Ing rfleiOis
(1) new gene cornbinatjQns
(2) tetrad formation.
(3) mutations.
(4) abnormal chorrosQi ninbrs.

g of a chro7nosoaie during

3 e entrio les
(4) centromeres.
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42. The above drawir.cs represent mitosis in a cell which has a dioJ.oid
chromosome number of 2. Stert with interphase and put the &ravings
in sequence. Select the correct sequence from the following
(1) 2, 3, 1, 5, 4. (3) 4, 2, 3, 1, 5.
(2) 4, 3, 2, 1, (4) 4, 1, 2, 3,

43. An almaL is heterozygous for one trait (Aa) and homozygous for
another (rr). The genes for these two traits are on different
chromosomes. How many different types of gametes (with respect
to these traits) can this organism produce?
(1) 1. (3) 3.
(2) 2. (4) 4.

44. Which statement concerning an allelic pair of genes controlling a
singlo characteristic in man Is ue?
(1) both genes come from the father.
(2) both genes come from the 'mother.
(3) one gene comes from the father and one gene comes from the

mother.
(4) the genes come randomly in pairs from either the father or

mot er.

45. In man, the sperm cell determines the sex of the offspring because
it contains
(1) two "N" chro -s_ es.
(2) two "Yu chromosomes.
(3) both an "X" and a "Yu chromosome.
(4) either an "X" or a "Y" chromosome.

46. 1 farmer is told that his black bull is a thoroughbred (homozygous
black), Knowing that blecR color is dominant over red color in
cattle, he decides to determine the pvrity of the strain by mating
the bull with several red cows. If the bull is homozygous
(1) 100% of the offspring will be black.
(2) l00% of the offspring will be hetcrozygous red.
(3) 75% of the offspring will be haack and 25% will be red,
(4) 50% of the offspring will be black and 50% will be red.

47. A student in the laboratory tossed 2 pennies from a contaLner 100
times end recorded these results: both heads - 25; one head and
one tail - 47; both tails - 28. Which cross would result in
approximately the same ratio'?
(1) Aa x AA. (3) AA x aa.
(2) Aa x Aa. (L) Aa x aa.
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B. 1i Dc5, nod flowers (R) are dominant over white flowers (r). Two
plants that are heterozygous for flower color are crossed. What

the nrobability that the first plants produced will be pink?
1/2. (3) 1.
1/4. (4) 0.

49. A wamari whose father was colorblind but who is not colorblind
herself marr es a man with normal vision. The chances for color-
jlindnass in ther ehildren is

(2) 25%-,.

(3) 505.3.

(4) 100%.

Which is the most likely result of crossing-over in plant bree ng?

(1) elimination of some recessive genes.
2) weakening of The dominant gene.

increased numl)er of gene mutations among offspring.
increased variability among offspring.

51. In Jimson ,.qeeds p.urple flowens (P) are doniinant over white flowers
(p), and sniny pod (S) is dominant over smooth pod (s ). N purple-
smooth is crossed with a white-spiny producing:

106 purpie-smooth
110 purple-spiny
102 white-smooth
114 white-spiny

The most likely cross giving these results would be
(1) Ppss x ppSs. (3) PpSs x ppSS.

(2) PpSs x PpSs. (4) PPss x ppSs.

Hemophilia is a sex-linked trait. I.1,en are commonly affected by

the disease, but women are rarely affected. This is due to the
ract that the gene for hemophilia is
(1) dominant and carried only on the Y chromosome.
(2) dominant and carried only on the X chromosome.
(3) recessive and carried only on the Y chromosome.
(4) recessive and carried only on the X chromosome.

53. Dlack Andulusiari_ chickens are BB, and uhite
Heterozygous incividuals are said to be "blu
example of
(1) a sex-Linked trait.

(2) incomplete dominance.
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(3) a mutation.
(4) crossing over.
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The information ni vided in question no. 54 w1l also be used in
Question 55.

5 The gene f when homozygous produces a smooth appearance. Its

allele F :-)roduces a fuzzy appearance in either the homozygous
'=-Ieterozygous condition. One pair of parents has produced 30
zy offspring and 32 smooth offspring. Which of the following

pairs of genotypes fit these parents?
(1) Ff x ff. (3) FF x ff.
(2) Ff x Ff. (4) FF x Ff.

55. When an FF male is crossed with an Ff female, wMt percentage of
the ospring should appear- smooth?
(a) (=A. (3) 50%.
(2) 25%. (4) 75%.

56. In man, mutations that are tansmltted from parent to offspring
are

(1) the result of crossing over.
(2) found only in somatic: (mon-reproductive)celas.
(3) confined to potential reproductive cells.

(4) always found on The sex (X and Y) chromosomes.

57. Genes determine the structure of cells by controlling the synthesIs
of

(1) pigments. (3) vitamins.
(2) proteins. (4 ) herMones.

Translating a cell's coded info mation into a maw enz e molecule
usually occurs in
(1) a chloroplast. (3) the nucleus.
(2) a mitochondrion. (4) ribosomes.

59. 7he kind of nucleic acid which contains the Ereatest amount of
coded information is

(1) DNA. (3) t-RNA.
(2),m-RNA. (4) MAD?.

60. Which statement concerning RNA iE not true?
(1) the sugar present is ribose.
(2) it may contain uracil.
(3) it is single-stranded.
(4) it is found only in the nucleus.

51. Present knowledge indicates that messenger RNA is synthesized_
(1) when the nucleus divides.

(2) using DNA as a template.
(3) using transfer RgA as a template.
(4) in ribosomes.
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songcr RNA
(1) is manufactured in cell cytopl_
(2) acts as a template for transfer RNA synthesis.
(3) is produced as a complimentary copy of one strand of a DNA

molecule in which case uracil is substituted for thymine.
(4) attaches directly to amino acids during protein synthesis.

63. The above diagram repr sents a segment of a DNA molecule. The part
of the molecule that codes for one amino acid is revresented by
the area labeled
(1) w.
(2) x.

(3) y.
(4) z.

64. In an overall sense protein synthesis is similar to
(1) respiration wh oh is energy releasing.
(2) respiration which is endergonic.
(3) photosynthesis which is energy consuming.
(4) photosynthesis which is exergonic.

65. Which of the diagrams represents a functioning balanced control
system?

In the human body the rate o_L breathing is chiefly dependent on
chemical factors in blood, of vhich the most important is
(1) oxygen concentration.

(2) hemoglobin concentrati
(3) nitrogen concentration.
(4) carbon dioxide concentration.
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67. 7he antibiotics strentomycin, viomycin, and ot ers are thought to
associate irrevernibly with ribosomes in bacteria and thus disrupt
tneir normal functioning. In other word- these antibiotics destroy
bacteria in which way?
(1) prevent them from re roducing normally.
-) increases their respiration to an abnormal rate.

(3) prevents the synthesis of proteins.
(4) blocks cell wall synthesis.

68. urospora, a type of mold, can grow if it is supplied with a
relatively simple diet. This is because it can synthesize compai-
cated molecules (particularly amino acids) from basic nutrients
such as if,lucose, inorganic salts, etc. However, it is well
established that certain strains of Neurospora can only grow when
their basic diet is supplemented with specific amino acids. This
is because

(1) amino acids are enzymes.
(2) amino acids are converted to ATP.
(3) specific enzTmes are lacking.
(4) a feedback mechanism results in death.

69. What happens to most of the water that pass s into the filtrate
in the kidneys?

(1) is is excreted in the urine.
(2) it is utilized in carbohydrate synthe is.
(3) it is reabsorbed into the blood.
(4) it is converted into digestive fluids which serve as vehicles

of transport for enzymes.

70. One of the most important functions of the human kidneys is to
(I) assist in the elimination of indigestible wastes from the

digestive tract.
(2) store glycogen for emergency use.
(3) excrete nitrogenous substances produced during protein

metabolism.
(4) eliminate ca_rbon dioxide from the body.
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Appendix F, Table 27

Foint-Biserial Correlations, Discrimination Indices,
and Difficulty Indices for Question-

from the Achievement Posttest

Question No. aPBC bEa

.26

.34

.25

75.57

60.18

59.29

.39

.43

.39

4. .26 95.58 .14

5. .01 93.81 .00

.32 76.11 .36

.26 88.50 .18

.32 65.49 .32

9. .41 70.80 .50

10. .23 26.55 .18

11. .30 76.99 .36

12. .34 75.22 .32

13. .15 72.57 .14

14. .35 80.53 .36

15. .40 75.22 .36

16. .37 84.07 .29

17. .24 48.67 .25

13. .41 64.60 .514

19. .31 75.22 .29

20. .07 61.95 .04
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Ta le 27 (continued)

uestion No. aPBC bDI of D

21. .52 67.26 .71

.31 57.52 .46

23. 19 76.11 .25

24. .18 82.30 .18

25. 55.75 .36

26. .18 88.50 .07

7. .34 27.43 .36

28. .36 65.49 .46

29. .31 69.91 .32

30. .37 87.61 .36

31. .14 72.57 .11

32. .34 78.76 .36

33. 59.26 .50

34. .22 51.33 .18

35. .20 43.36 .29

36. .14 23.01 .11

37. .30 82.30 .29

38. 29.20 .14

39. .28 69.03 .36

40. .36 74 34 .43

41. .25 84.07 .29

42. .40 89.38 .32
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Question No. aPBC bDI CI

43. .10 69.03 .08

44. 1 76.76

45. .22 41.59

46. .29 78.76 .32

47. .23 82.30 .21

48. .34 44.25 .39

49. .11 48.67 .11

50. .36 78.76 .32

51. .32 52.21 .39

52. .12 50.44 .11

53. .45 75.22 .50

54. .24 86.73 .14

55. .34 76.99 .36

56. .33 38.94 .32

57. .23 83.19 .21

58. . 78.76 .29

59. .41 75.22 .50

60. .24 91.15 .21

61. .38 55.75 .57

62. .36 75.22 .46

63. .45 59.26 .68

64. .33 2.48 .32
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Table 27 (continued)

Question No. aPBC bpi cI of D

65,

x

.14 50.44 .21

66. .314 51.33 .50

67. 56.64 .50

68. .30 48.67 .36

69. .29 69 91 .32

70. .23 42.46 .29

aPBC

DI

CI

Point-Biseria1 Correlation

- Difficulty Index

- IndeX of Discrimination
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Appendix G

Correspondence with Dr D. A. Gelinas
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0c-ober 24, 1912

1PPENSSURG STATE COLLEGE
SHIPPENSBURG, PENNSYLVANIA 17257

Dr. Douglas A. Celinss
University of Maine
Orono, Maine

Dear Dr. Gelinas:

(717$ e3a-alars 1148

Several years aGo Az. Lon Idoine of the Burgess Publishing Company gave
me a copy of your instrument titled Student Reaction to Audio-Tutorial
Introductory Botany Course. At that time the biology faculty at
Ohippensburg was getting ready to implement an A-T course in biology
for non-science majors. We are now in our third year of A-T instruction
and working to improve our programe

I am personally engaged In research that is directly related to the A-T
method of instruction. In my research I am testing the effect of various
sequences of instruction on achievement, attitudes, etc. I think that,
ith minor modAficationJ, your instrument would prove very useful in this

study. If you do not oqent, I ,d11 revise the instrument and utilize
it in my research.

Sincerely,

Alfred Gunter
Associate Professor of Biolo
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JNIVERS1TY OF MA N

Delmenwm

Dr. Alfred Gunter
Assoc. Professor of Biology
Shippensburg State College
Shippensburg, PA. 17257

Dc?,r Dr. Gunter:

nd Muu

at a- o

October 30. 1972

149

Thank you for your latter of October 24 requesting permission to use
the evaluation form I developed for our audio-tutorial botany course at
Maine. I would be pleased for you to use the evaluation in any way that
may be helpful to you. I would appreciate receiving a copy of any revised
form you may develop and would be interested in your results.

OG'jf

Sincerely,

Douglas Gelinas
Asst. Professor of Botany
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Appendix H

Student Reaction to Audio-Tutorial
Basic Biology Attitude Scale

on and Directions

In order to assess student reaction to the audio-tutorial
approach, a list of statements has been prepared. You are asked to

Inespond to the statements by indicating whether you: strongly agree
OA), agree (A., are neutral (N), disagree (D), or strongly disagree
(SD). Circle your choices on the response sheet,

1. The A-T study session is preferable because the student can select
a time adapted to his efficiency peak and his schedule.

2. it is easy to "bluff your way through" the discussion session
without having completed the A-T study session.

The student in the audio-tutorial system feels more keenly the
responsibility for learning than a student in the traditional
system (lecture-laboratory).

The tapes in the A-T study session do not adequately explain the
week's material.

S. The audio-tutorial method seems to bring about an in orma , easy-
going atmosphere.

6. I would probably listen to supplenental advanced tapes if they were
available.

The audio-tutorial approach does not take into accuant individual

differences in learning ability.

The A-T study sessIon afford6 the student more ind 5. dual
than would a regular lab.

9. An audio-tutorial cour
course.

more

ention

onal than a conventional

10. I would like some of my other courses to be taught by audio-
tutorial.

11. The audio-tutorial system places too much responsibility on the
student.

12. The lab assistants are usually well informed about the material

being studied
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13. The audio-tutorial system does not provide enough opportunity to
ask questions about lanclear riaterial.

114. I would like to have more supplemental background tapes available
for certain areas (cheoistry, etc.).

1$. It s harder to pay att ti.on to tlie tape -than to a lecturer.

16. I would take more biology coiurses ifmore were taught by audio-
tutorial.

17. l'rn just a nwnber in atdjo-tutr5.a1 course. Nobody knows who
I am.

18. 7he audio-tutorial method makos
in charge of the course

o hard to see the profes ors

lg. I prefer the A-7 method over the lecture-laboratory approach.

20. It would be impOssibLe -to pays the ourse without completing the
A-T study session each vee]c.

21, I believe I would lave learned nore biology in a convent nal
lecture-laboratory course.

22. The tapes are boring, arid it is

23. Students can study at their own

hard t- concentrae on then .

pace Iri ttIM 4-T study session and
repeat difficult parts as soften as necessary.

24. Repeating part .,f the type seldom helps clear up a difficult topic.

25. Wearing headphones angd haing an indivi4ual study area mi.nimizes
distractions by other at uden

16 5
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Appendix

Student Audio-Tutorial Record Card

Name

week # day 'dime in e out booth check
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Appendix

Check List for Ztudent Selected Experience rreatment Group

ssion Group Lead Class

Group Assigrunent A B C D (circle o e

Basic Diology
Meiosis and Mitosis

When you have completed this unit, you should be abl

Discuss the significance of mitosls and meiosis in plant
and animal life cycles.

Manipulate obje s (that represent chromosones) through
the ecluence of events that occurs in mitosis and meiosis.

Define sexual reproJiictIon. Give examples of orgatimns
that reproduce sexual3y..

Recognize the stages of animal mitosis (when given
significant characteristics of a stage). Relate
(1) centrioles, (2) centrosomes, (3) chromatids,
(4) spindle fibers.

Compare meiosis and mitosis (in terms of changes it
chromosome number and end products). Describe the
significant events that occur during meiosis. Explain
crossing over.

Recognize the stages of plant mitosis (w en given
significant characteristics of a stage).

Explain the way in which chromosomes, genes, and DNA are
related

Define asexual reproduction. Giv_ examples of organisms
that reproduce asexua4y.

Give examples of plant and animal cells that divide
mitotically.

Distinguish ;,ezvweet haploid (u) and diploid (2n). Give
examples of p1P.at and aniMal cells that divide me -tically.

GIVE THIS TO THE IVSTRUCTOR
BEFORE YOU LEAVE. 16 7

253
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Appendix K, Tab.': 28

Means and Standard Deviations for SAT Achievement
Pretest, and Sequence Test Scores

Treatinent Groups

aC.E.E.B. Sco es

SAT Nath

SAT Verbs

M 513.98

SD 76 79

M 465.11

SD 70.73

531i,

.58...

0.22

79.28

519.90

85.85

473.35

75.04

531.14

77.92

474.96

78.04

bAchiel.renent Fretest Scale Scores

Photosynthesis M 6.43 6.38 -6 6.50

SD 1.76 2.02 1.90 2.31

Respiration M 4.90 4.70 4.88 4.20

SD 1.64 1.85 1 54 1.75

Mejosis d Mitosis M 4.21 4.47 4.55 4.39

SD 1.86 2.10 1.73 2.04

Genetics M 4.96 5.00 4.12 4.89

SD 2.29 2.34 1.92 2.04

Control M-chanisms M 4.40 4.87 4.35 5..13

SD 1.53 1.86 5
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Table 28 (continued)

Treatment Groups A

cSequence Test Scale Scores

Photosynthesis M 3.19 3.26 3.30 3.06

SD 1.52 1.41 1.39 1.58

Respiration M 3.95 4.03 4.02 4.02

SD 1.64 1.62 1.66 1.57

Meiosis and Mitosis M 2.86 3.28 3.16 3.38

SD 1.48 1.83 1 52 1.95

Genetics M 5.15 4.79 5.35 5.50

SD 1.6 1.93 1.89 1.93

trol Mechanisms M 3.82 4.20 4.09 3.98

SD 1.61 1.74 1.77 1.84

a - 94 sUbj ects per tratatment group

- approximately one half of the subjects in each treotiA
group

94 subjects per treatment group

1C9
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Appendix K, Table 29

Analysis of Variance for SAT and Achievement Pretest
Scores, SBUS and TDUS Treatment Groups

Variable MS df "tical)

a
CEEB Scores

SAT-Mathematics 208 59 1, 372 0.04 3.84

SAT-Verbal 208.63 1, 372 0 04 3.84

SAT-Total 767.10 1. 372 0.05 3.84

b-Achievement Pretest Scale Scores

Photosynthesis 0.20 180 0.05 3.90

Respiration 2.88 180 1.01 3.90

Mitosis and MeIosi 1.06 180 0.28 3.90

Genetics 17.04 180 3.84 3.90

Control Mechanisms 0.66 1, 180 0.22 3.90

aBased on data from ell subjects.

bApproximately one half of the subjects in each treatment grcu.p
were pretested with the Achievement Posttest.
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Appendix K, Table 30

Analysis of Variance for SAT and Achievement
Pretest Scores, Interaction Test

Variable MS df (Critical)

aCEEB Scores

SAT-Mathemat ics 1850.12 1, 372 0.31 3.84

SAT-Verbal 4290.59 1, 372 0.76 3.84

SAT-Total 11517.92 1, 372 0.72 3.84

bAchievement Pretest Scale Scor

-thesis 2.17 1, 180 0.54 3.

Respiration 4.57 1, 180 3.53 3.90

Mitosis and Mei--is 1.06 1, 180 0.28 3.90

Genetics 12.52 1, 180 2.82 3.90

Control Mechanisms 0.66 1, 180 0.22 3.90

aBased on data from all subjects.

73Approx5imate1y one half of the subjects in each eatment group
were pretested with the Achievement Posttest.
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Appendix K, Table 31

Analysis of Variance for Sequence Test Scores,
ME and SSE Tx,estment Groups

Test Scale MS df 'tical)

Photosynthesis 0.68 372 0.31 3.84

Respiration 0.17 1, 372 0.06 3.84

Mitosls and Meiosis 9.58 1 372 3.29 3.84

Genetics 1.06 1, 372 0.30 3.84

Control Mechanisms 1.80 1, 372. 0.59 3.84

Appendix K, Table 32

Analysis of Variance for Sequence Test
Scores, Interaction Test

Test Scale KS df itical)

Photosynthesis 2.08 1, 372 0.96 3.84

Respiration 0 17 1, 372 0.06 3.84

Mitosis and Meiosis 0.86 1, 372 0.30 3.84

Genetics 6.13 372 1.71 3.84

Control Mechanisms 5.63 372 1,85 3.84
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