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This study sought to determine the effects of two types of 

advance organizers on the learning and retention of an 

aeronautical concept, and the interaction of both advance 

organizers across the learner variable of Cumulative Grade 

Point Average (CGPA). The 126 subjects selected for testing 

consisted of students enrolled in the Aircraft Turbine 

Engine Theory course at Embry-Riddle Aeronautical 

University, Daytona Beach, Florida. Students were randomly 

assigned to one of three experimental groups within four 

intact class sections. The treatment instrument was two 

different modes of "The Bernoulli Principle of Energy 

Conservation in a Moving Fluid." The experimental treatment 

was administered at the beginning of the sixth week of a 14 

week course. The first group read a verbal advance 

organizer; the second examined a graphic organizer; and the 
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third received a placebo. Following the treatments, the 

subjects began a six hour block of instruction, Aircraft 

Turbine Compressor Theory, which extended over two weeks. 

Following the instruction, a learning test was administered 

to each intact class section. Seven weeks later, a delayed 

retention test was administered. A statistical analysis of 

the results indicat~d that: (1) the advance organizer in 

verbal or graphic form was an effective approach to 

learning and retention of an aeronautical concept; (2) the 

verbal advance organizer tended to be more effective than 

the graphic in both learning and retention; and (3) the 

graphic advance organizer was most effective in the 

retention of material by those students who had exhibited a 

lower standard of over-all performance (CGPA) in the past. 
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CHAPTER I 

INTRODUCTION 

On October 4, 1957, the Soviet Union launched an earth 

satellite into space which circled the globe every 95.2 

minutes at a speed of 18,000 miles per hour. The dramatic 

a d v en t of ...§...ILU.,.l:.!!.!~ .. I. sud d en 1 y p r e c i p i t a t e d an una n t i c i p a ted 

set of issues relevant to the nation's technological rather 

than ideological capacity to vie with foreign powers. 

Critics focused now on the contribution that education 

should make to the physical security of the nation and the 

exploration of space. 

This remarkable Russian space achievement initiated a 

flurry of educational activities throughout the country, 

most notably in the teaching of science and technology. 

Many educators insisted that it was time to emphasize more 

rigorous study of essential subjects such as the sciences. 

The National Defense Education Act of 1958 manifested this 

renewal of faith in essentialism by providing funds for the 

improvement of instruction in the physical sciences and 

other subject fields related to defense. 

As a result of this academic and technological vigor, 

the expansion of scientific knowledge has accelerated to 
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astronomical proportions. Therefore, it is only natural 

that educators have become increasingly concerned about the 

need to teach both ideas and concepts that have survival 

value and, at the same time, are fundamental to the subject 

discipline. 

To achieve these teaching ideals, obsolete materials 

must be avoided and meaningful concepts must be emphasized. 

Th~s will provide an economy in learning necessitated by the 

wealth of new scientific knowledge thrust upon the learner. 

If it can be demonstrated that through the appropriate 

organizing of subject matter, the student's comprehension 

and retention can be enhanced, then the economy in learning 

can be achieved. 

Statement of the Problem 

This study was designed to determine whether the use of 

advance organizers increases learning and retention as 

measured by achievement tests on an aeronautical concept. 

Secondly, this study was undertaken to determine if 

utilLzin~ verbal advance organizers will serve the same 

function in the teaching of aeronautical science as graphic 

advance organizers when measured by achievement tests on an 

aeronautical concept. Thirdly, the study was undertaken to 

determine whether learners attain and retain concepts with 

less difficulty (i.e., is learning facilitated) through the 

use of verbal or graphic advance organizers as measured by 
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achievement tests on an aeronautical concept. Fourthly, the 

study investigated tne effectiveness of advance organizers, 

as measured by achievement tests on an aeronautical concept, 

across the selected learner variable of Cumulative Grade 

Point Average (CGPA). Fi~lly, the study was designed to 

determine whether there is an interaction between high and 

low CGPA groups and the type of advance organizer treatment 

as measured by learning and retention tests on an 

aeronautical concept. 

This study investigated the ''real life" classroom use 

of advance organizers--a method of presenting the logical 

structure of a discipline to prepare students for learning. 

Advance organizers, the experimental treatment, were 

compared with the control treatment consisting of an 

historic placebo covering the same subject matter. 

Specifically, two forms of advance organizers were 

contrasted with the control group. One experimental group 

studied a verbal organizer while the second studied a 

graphic organizer covering the same content matter. During 

the same time frame, the control group studied the placebo. 

The major research hypothesis compared the effects of 

these treatments on learning and delayed retention in an 

undergraduate course in aircraft turbine engine theory. The 

specific instructional topic of the study was the compressor 

section of the aircraft engine. Students receiving the pre-

instructional.treatments were compared on their ability to 
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answer multiple choice questions which required only the 

recall of specific factual information (knowledge le.y_el 

~~~~ns), questions which required the manipulation of 

numbers or mathematical symbols (algorithmic questions), and 

questions which required understanding of the conceptual 

issues involved (conceptual questions). Finally, the 

results of the tests involving the experimental and control 

treatments were compared across the average cumulative grade 

point average of all students taking the course. 

Purpose of the Study 

In 1960 David Ausubel introduced into the academic 

repertoire two concepts that provided science and technology 

educators with possible answers to their concerns. The 

first concept was that verbal learning is meaningful if it 

is subsumed into the cognitive structure of an individual in 

a prescribed manner. The second was that verbal learning 

can be enhanced through the introduction of advance 

organizers. 

Thus, Ausubel introduced the theory of "advance 

organizers" to the educational community. The theory 

basically states that students learn more and have more 

complete understanding of the subject matter if they are 

exposed to the logical structure of a discipline before 

being taught its specific details. The idea is an obviously 

simple one and appears to be almost intuitive. To help 



5 

facilitate meaningful learning, Ausubel (1962) proposed the 

extensive use of advance organizers. He defined the advance 

__ 9.~anizer-as the relevant, all encompassing, subsuming 

concepts introduced before the lesson for the purpose of 

organizing learning. According to this definition, it 

becomes apparent that the central theme of a lesson should 

be learned first, and that the learner will delineate the 

differences and similarities of related concepts that lead 

to more inclusive concepts. 

The effects of organizers are far from clear and have 

proven quite difficult to evaluate. Several reasons can be 

cited. First, a wide variety of methodological approaches 

have been employed involving numerous situational variables. 

This has made comparisons between studies difficult. 

Secondly, no operational criteria have been established for 

the construction of organizers. Each investigator is left 

to construct an instrument which suits his particular 

purposes or inclination. Lastly, many reported studies were 

carried out under laboratory conditions. The motivational 

factors operative in a true instructional situation were not 

present, thus creating an important bias in the resulting 

data. 

Any of these factors when taken alone would make a 

generalization to the natural environment difficult. Taken 

in combination, their effects are even more profound. As a 

result, the evidence contained in the present body of 



6 

advance organizer literature is equivocal at best. 

This study was designed to control many of the 

difficulties in earlier works. The researcher has attempted 

to conduct the study in a more realistic setting of intact 

classes of a required aeronautical course. The researcher 

has further attempted to draw together a number of factors 

which have been shown to aggravate the effectiveness of 

organizers and to correct methodological flaws which have 

become more commonplace in the research. If these 

conditions prevail, it was reasoned, the effectiveness of 

advance organizers should be clearly observable. 

Rationale 

An effective educational institution is aware of the 

skills needed by its students and accordingly designs and 

develops both curricula and instructional delivery systems 

to produce the graduates who possess those requisite skills. 

The success of an aeronautical university, committed to its 

role as primarily a teaching institution, depends largely on 

the effective delivery system used to assure the student has 

not only learned but also has retained the needed skills of 

his chosen career. 

A neglected area of investigation by college and 

university instructional designers is a methodology 

presently available for presenting the logical structure of 

an aviation discipline to prepare the student for the 
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learning tasks. Educators have long advocated that students 

must be prepared for learning. Students learn more and have 

a more profound understanding of the subject matter if they 

are given the logical structure of a discipline before being 

exposed to its specific details. Logic also dictates that 

teaching will be most effective when the presentation of 

materials develops for the student a proper framework for 

the storage of new learning. 

University administrators, curriculum developers, and 

teachers are constantly searching for the most effective and 

efficient methods to enhance the requisite knowledge and 

skills needed to prepare students for their career roles. 

Since one of the teacher's major concerns is to promote 

certain kinds of learning, the teacher should be fairly 

expert in the understanding of the process of learning. 

However, this is far from the general rule. 

Knowledge about controlling learning has been almost 

totally unrelated to the psychological research on the 

learning process. What is known of controlling the student 

learning process has resulted from the accretion of the 

traditional teaching methods and practices. The 

psychological research of the learning process has often 

resulted from highly controlled and sometimes remote studies 

on the albino rat. 

Naturally, there has been some interchange between the 

laboratory and the classroom. Increasingly, many laboratory 
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researchers are attempting to base their theories on "real 

life" human behavior. Still, the gap between the teacher's 

theoretical approach and his functional knowledge of 

learning is immense. 

The concept of the advance organizer derives from the 

cognitive psychology of David Ausubel. At the center of his 

views is the notion of cognitive structure. Cognitive 

structure is the "substantive and organizational properties 

of previously acquired knowledge in a particular subject

matter field that are relevant for the assimilation of 

another learning task in the same field" (Ausubel, 1968, 

p. 26). It is what one might call background knowledge 

appropriately marshalled and applied to a present meaningful 

learning task. 

Ausubel (1962) defined ~a~ingful learni~ as that type 

of learning in which new concepts are subsumed and anchored 

upon those concepts that are presently in the existing 

structure of the individual. He suggested that meaningful 

learning of verbally presented materials constituted the 

principle means of augumenting the learner's store of 

knowledge. He noted that effective instruction should be 

planned in a concise manner to provide the basis for 

learning in a meaningful way. Therefore, meaningful 

learning is related and relevant to ideas that previously 

exist in' the learner's mind. 

If students are to acquire new meanings, it is 
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absolutely necessary that they associate the new learning 

with the old. Since potentially meaningful subject material 

becomes meaningful through its incorporation into the 

learner's cognitive structure, the principle function of the 

organizer is "to bridge the gap between what the learner 

already knows and what he needs to know before he can 

successfully learn the task at hand" (Ausubel, 1968, p. 148). 
··--·-- --~-----· -------- - ----- ·-·-·------

Ausubel advocates that the advance organizer is the primary 

means by which the old is connected to the new. 

The advance organizer connects the old and new learning 

by its ~~-~~~~p_t;_ .:i-_ve _ _p _()_We_:"-: _~· Subsuming powers are associative 

powers in the learner's cognitive structure that accept new 

knowledge for purposes of enlarging and strengthening a 

concept (Ausubel, 1962). Ausubel further notes that the 

subsu~in_~-- -~-~ ~~-~- p-~-~- serve two desirable purposes: (a) they 

facilitate new learning, and (b) they enhance retention. 

As new information is subsumed by the learner, older 

information loses its identity. Ausubel (1963) referred to 

this forgetting process as obliterative subsumption. 

Therefore, the second stage of subsumption is obliterative. 

That is, individual items become less distinguishable from 

each other until they are completely forgotten. Forgetting, 

or obliterative subsumption, occurs from the bottom of the 

hierarchy and proceeds upward. Of course, this obliterative 

process can be delayed by repetitive practice or by some 

unique characteristic of the learned material; however, the 
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normal forgetting usually prevails. 

In his observations of classroom learning, Ausubel 

(1962) noted that rote reception type of learning 

predominated. Rote learning, according to Ausubel, is that 

type of learning in which knowledge that a learner subsumes 

or takes into his cognitive structure is unrelated to any 

prior concepts that the individual may possess. Ausubel 

suggests that this type of learning does not aid in 

meaningful retention since it has no conceptual anchor. He 

further theorized that learning, to be meaningful, should be 

associated with ideas or concepts that the learner already 

has within his cognitive structure (Ausubel, 1962). 

Although Ausubel has described a number of 

characteristics that advance organizers should have, he has 

never provided adequate guidance and instructions for their 

construction. He states that they should be written at a 

higher level of generality, abstraction, and inclusiveness 

than the learning materials, and they should be constructed 

so as to maximize their potential for explaining the learned 

materials. Only terms that are familiar to the students 

should be used. The special relevance of the ideas 

presented in the organizer to the content of the learning 

material should be explained (Ausubel, 1963, pp. 2-6; 1968, __ 

p. 148). 

Ausubel attempted to clarify the function of the 

organizers by comparing them to overviews and summaries 
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which often appear in textbooks (Ausubel 1963, p. 124; 1968, 

pp. 330-331). Overviews and summaries are typically written 

at the same level of abstraction and generality as the 

learning materials. They accomplish their effects through 

repetition and selective emphasis on key words and central 

concepts. Ausubel postulates that they are simply abstracts 

of a given unit of learning material and, therefore, are not 

advance organizers. 

The function of the organizer is not to abstract or to 

emphasize. Its primary mission is to point out valid 

relationships, and to tie together the pieces of a given 

course into a consistent and logical whole. The essential 

feature of the organizer is that it draws on material other 

than the contents of a single instructional unit. 

Ausubel and Fitzgerald (1961, p. 266) have specified two 

kinds of organizers. When completely unfamiliar material is 

presented, it should be preceded by an expository organizer 

in which a subsumer is generated by use of vocabulary which 

the learner understands and through reference to concrete 

experiences. For students entering an introductory 

aeronautics course, for example, the idea of subsonic 

airflow is most probably an unfamiliar one. The expository 

organizer used here may explain that concept in the terms of 

familiar objects, such as the lifting action of a frisbee 

thrown on the beach. It might also point out the effect of 

the negative airfoils used on racing cars at the Daytona 
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International Speedway located near the campus. 

If the lesson covers further development of some 

previously introduced concept, a comparative organizer 

should be used. Comparative organizers emphasize the 

similarities and differences between new materials and the 

ideas which are already part of the learner's background. 

The more advanced aeronautics students might be given 

comparative organizers which discuss the differences in 

subsonic and supersonic airfoils and their implications for 

aircraft flight characteristics. 

Bruner (1960) suggests that "any domain of knowledge 

can be represented in three ways: by a set of actions .•• ; by 

a set of summary images or graphics that stand for a concept 

without defining it fully; and, by a set of symbolic or 

logical propositions'' (p. 44). Because of its brevi~y, its 

ability to connect with the learner's cognitive structure, 

and its visual impact, visual schema of the structure of a 

discipline seem ideal variables to use in the testing of the 

effects of advance organizers on teaching methodology. 

Visual schema come in various representational forms 

such as physical working models, diagrams, sketches, graphs, 

and flow charts. The format derives its representational 

form from the overall organizational framework that an 

author conceives as the most appropriate to represent a 

discipline. 

This study employs a graphic representation of the 
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concept "The Bernoulli Principle of Energy Conservation in a 

Moving Fluid" (Tipler, 1976). The graphic format is 

arranged to reflect both the structure of the discipline 

(Bruner) and the cognitive structure of the learner 

(Ausubel). Thus, the graphic model serves as an interface 

linking the learner with the subject. 

Ausubel and associates (Ausubel and Fitzgerald, 1962; 

Ausubel, Stager and Gaite, 1968; Ausubel and Youssef, 1963) 

focused upon verbal learning using written advance 

organizers. However, a few researchers (Brovey, 1970; 

Weisberg, 1970) have ventured into the area of visual or 

graphic organizers. Therefore, this study was designed to 

investigate the effects of utilizing two types of advance 

organizers in teaching an aeronautical concept. 

Specifically, it was developed to test the effectiveness of 

using verbal and graphic advance organizers in both the 

learning and retention of an aeronautical concept in an 

aeronautical science course and to relate this effectiveness 

to the selected student variable of Cumulative Grade Point 

Average (CGPA). 

Need for the Study 

The purpose of Embry-Riddle Aeronautical University is 

to provide an aviation oriented educational program of such 

fundamental background, scope, and excellence that students 

may achieve competency and proficiency for productive 
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careers. The institution further acknowledges that it is 

committed to its role as primarily a teaching institution as 

contrasted to a primarily research oriented university. 

A device known as an "advance organizer" shows promise 

toward improving the teaching methodology at the university. 

This stratagem could possibly allow teachers to improve their 

students' comprehension and retention in professions that 

must cope with large amounts of highly technical information 

which is changing at an amazingly rapid pace. Scanning, 

remembering, and problem solving are all programs necessary 

for the orderly thinking needed by the professional aviator. 

If advance organizers can, in fact, enhance the necessary 

learning and retention of concepts to further aid these 

orderly thinking processes, the implication for a teaching 

methodology used for teaching aeronautical topics could be 

enormous. Possibly, the advance organizer is the all 

inclusive introductory concept needed to facilitate the 

understanding of the later detailed material which the 

student must master. 

At the present time, the evidence is difficult to 

interpret. What appears to be needed is a well-controlled 

classroom oriented study which addresses the methodological 

problems discussed. The initial objective of this study was 

to develop the operational characteristics of the "advance 

organizer" as it relates to an aeronautical science topic. 

This having been done, the verbal and graphic organizers _ 
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fitting these characteristics were constructed. The 

effectiveness of those organizers was then tested in the 

undergraduate course in aircraft turbine engine theory. The 

performance of the students exposed to the organizers was 

compared to that of students exposed to the control placebo 

covering the same subject. 

Major Hypothesis 

HO: There is no significant difference in learning 

achievement between groups which receive the advance 

organizer treatment and those that receive no treatment as 

measured by a learning achievement test on an aeronautical 

concept. 

Sub-Hypotheses 

Hl: There is no significant difference in retention of 

material between groups which receive the advance organizer 

treatment and those that receive no treatment as measured by 

a delayed retention test on an aeronautical concept. 

H2: There is no significant difference in learning 

achievement among groups which differ in the type of advance 

organizer received, whether verbal or graphic, as measured 

by a learning achievement test on an aeronautical concept. 

H3: There is no significant difference in retention of 

material between groups which differ in the type of advance 

organizer received, whether verbal or graphic, as measured 
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on a delayed retention test on an aeronautical concept. 

H4: There is no significant difference in learning 

achievement between high and low Cumulative Grade Point 

Average (CGPA) groups which receiv~d the advance organizer 

treatment, whether verbal or graphic, as measured by a 

learning achievement test on an aeronautical concept. 

HS: There is no significant interaction between high 

and low Cumulative Grade Point Average (CGPA) groups which 

differ in the type of advance organizer received, whether 

verbal or graphic, as measured by a learning achievement 

test on an aeronautical concept. 

H6: There is no significant difference in retention of 

material between high and low Cumulative Grade Point Average 

(CGPA) groups which differ in the type of advance organizer 

treatment received, whether verbal or graphic, as measured 

on a delayed retention test on an aeronautical concept. 

H7: There is no significant interaction between high 

and low Cumulative Grade Point Average (CGPA) groups which 

differ in the type of advance organizer received, whether 

verbal or graphic, as measured by a delayed retention test 

on an aeronautical concept. 

Operational Definitions 

1. Achievement: Accomplishment or proficiency or 

performance in a given skill or body of knowledge (Gage, 

1966). In this study achievement is measured by scores on a 
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learning achievement test on the aeronautical concept 

"Aircraft Turbine Engine Compressor Theory.'' 

2. Achievement Test: A test designed to measure a 

student's knowledge, skills, and understandings in a given 

field taught in school (Gage, 1966). For the purposes of 

this study, the achievement test is a 20-item, multiple

choice test on the concept "Aircraft Turbine Engine 

Compressor Theory." 

3. Advance Organizer: A relevant, all encompassing, 

subsuming concept introduced before a lesson for purpose of 

organizing learning (Ausubel, 1963). In this study an 

advance organizer is a verbal or graphic passage either 

describing (verbal) or depicting (graphic) the concept "The 

Bernoulli Principle of Energy Conservation in a Moving 

Fluid." 

4. Anchorage: The characteristic of assimilating new 

learning material by the more inclusive meaning of its 

subsumers. The base on which new knowledge is subsumed 

(Ausubel, 1963). 

5. Cognitive Structure: The organized mass of 

previously acquired knowledge which serves as a guide for 

the comprehension and assimilation of new ideas and concepts 

(Gage, 1966). 

6. Concept: A generalization or mental image of some 

principle, force, objective, or event (Kranzer, 1963). An 

idea or representation of the common element or attribute bJ 
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which groups or classes may be distinguished; any general or 

abstract intellectual representation of a state of affairs 

or objects; a thought, an opinion, idea, or mental image 

(Gage, 1966). 

7. Ego-enhancement: A concern with achievement as a 

source of earned status (Ausubel, 1968). 

8. Graphic Advance Organizer: A model, graph, 

picture, or slide that reflects an all encompassing, 

subsuming concept introduced before a lesson for the purpose 

of organizing learning. For the purpose of this study, it 

is a series of pictorial representations which depicts the 

underlying concept "The Bernoulli Principle of Energy 

Conservation in a Moving Fluid." 

9. Item Analysis: Any one of several methods used in 

test validation or improvement to determine how well a given 

question or item discriminates among individuals differing 

in some other characteristics; the act or process of 

determining any systematic information such as difficulty or 

discrimination about a test item (Gage, 1966). In this 

study, it was utilized for the purpose of determining the 

difficulty and discrimination characteristics of the 

learning and retention tests after a pilot study was 

conducted. 

10. Meaningful Learning: The type of learning in 

which concepts are subsumed and anchored upon those concepts 

or ideas that exist in the cognitive structure of the 
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individual (Ausubel, 1963). 

11. Rote Learning: The acquisition of arbitrary, 

verbatim associations in learning situations where either 

the learning material itself cannot be nonarbitrarily and 

substantively related to the cognitive structure (Ausubel, 

1968). 

12. Subsuming Concept: Associative concepts in the 

learne~'s cognitive structure that accept new knowledge for 

pu~p~ses of enlarging and strengthening a concept (Ausubel, 

1962). For the purposes of this study, it is the all

inclusive concept found in the advance organizer. 

13. Verbal Advance Organizer: Any passage or printed 

material that reflects an all encompassing, subsuming 

concept introduced before a lesson to organize learning. In 

this study, it is the verbal description of the advance 

organizer which is based upon the concept "The Bernoulli 

Principle of Energy Conservation in a Moving Fluid.'' 

Delimitations 

1. This study is delimited to undergraduate students 

in the Aeronautical Science program at Embry-Riddle 

Aeronautical University in Daytona Beach, Florida. 

2. This study is delimited to students whose 

intelligence allows them to function normally on a college 

campus. 

3. This study is delimited to students enrolled in an 
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aircraft turbine engine theory course at an aeronautical 

university. 

4. This study is delimited to comprehension of 

aeronautical science textlike material as measured by the 

learning achievement and delayed retention tests especially 

devised·for this study. 

Limitations 

1. The population for this study was limited to 

undergraduate students enrolled in aeronautical science 

courses on aircraft turbine engines. The power of any 

statistical test can be increased by enlarging the number of 

subjects; however, this study use~ all the students enrolled 

in the turbine engines courses. 

2. The sample for experimental use consisted of ·all 

126 undergraduate students enrolled in the Aircraft Turbine 

Engine Theory courses at Embry-Riddle Aeronautical 

University, Daytona Beach, Florida. The exact number of 

students was beyond the control of the investigator, but the 

class sections are normally limited to 30 students. 

3. All students were registered for one of four 

available class sections, but random assignment to the four 

sections was not possible. Subjects became part of the 

study by virtue of having elected to take the course in the 

given trimester. 

4. The length of the study was 14 weeks in the Spring 
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1985 trimester, namely from January 10 to April 11, 1985. 

The instructional portion of the study was limited to two 

weeks duration in the 6th and 7th week of the term. 

5. Instruction on the aeronautical topic "Aircraft 

Turbine Engine Compressor Theory" was presented to the 

subjects by four instructors. All instructors used 

identical lesson plans and instructional materials for the 

topic treatment, but no attempt was made to control teaching 

techniques. 

6. Students in each of the four class sections were 

randomly assigned to experimental or control groups, but 

communication between groups could not be controlled. 

7. Results of this study could be generalized for the 

undergraduate aeroscience population at Embry-Riddle 

Aeronautical University, Daytona Beach, Florida. 

8. The study was conducted using intact class sections 

in an ongoing academic situation. It was not possible to 

hold for artificiality of "outside of the classroom'' 

instruction in this investigation. 

9. The subjects' abilities to use the advance 

organizer may have been enhanced by previous experience. 

10. The study investigated the effects of advance 

organizers on test performance ~· Although this reflects 

the degree of concept attainment by the student, no 

inferences are drawn about the physical or psychological 

mechanisms whereby the organizers may operate. 
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11. This study is also limited by the reliability and 

validity of the criterion instruments. All tests used in 

this study were evaluated by a panel of experts and a pilot 

study. It is undoubtedly true that these tests could be 

further improved by several repetitions for refinement and 

replacement of the weaker items. 

12. This study is limited by the learning styles of 

the 126 students and the teaching styles of the four 

instructors. The experiment was conducted under as 

realistic classroom conditions as possible. The university 

administration does not subscribe to a policy of assigning 

students to classes by student learning styles or by 

instructor teaching styles. 

Assumptions 

1. This study assumes subjects are of normal 

intelligence based on high school graduation and admission 

to college. 

2. This study assumes that a stable and well-organized 

hierarchy (cognitive structure) facilitates learning and 

retention. 

3. Learning achievement is assumed to be the number of 

questions answered correctly on the learning test which 

meets or exceeds the criterion level of the test. 

4. Delayed retention is assumed to be the number of 

questions answered correctly which meets or exceeds the 
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criterion level of the retention test administered seven 

weeks after the learning test. 

5. A seven-week interval is assumed to be adequate 

time delay for measuring delayed retention. 

6. This study assumes that students will apply recent 

learning that results from teaching to a greater extent than 

they will apply knowledge self-taught or taught in the 

past. 



CHAPTER II 

REVIEW OF THE LITERATURE 

The literature in Chapter I focused primarily on the 

need for conducting this study. In Chapter II, the most 

pertinent literature to the study was reviewed and was 

organized as follows: 

1. A description of selected references to Ausubel's 

initial studies, 

2. Selected empirical studies on the use of advance 

organizers or similar cognitive organizers during the 1960-

1970 time period, 

3. Additional empirical studies on the use of advance 

organizers conducted during the following 10 year period 

from 1970 to 1980, 

4. Selected contemporary studies on advance organizers 

during the 1980's, 

5. Reviews of research studies or reports that have 

analyzed and categorized research according to findings and 

according to selected variables. 

All studies related directly or indirectly to this 

investigation were researched for the period 1960 to the 

present. The primary reason for the time limit imposed was 

24 
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that Ausubel's theory was first introduced in a 1960 

publication. 

Ausubel's Initial Studies 

Most of the early studies of meaningful verbal learning 

and advance organizers were undertaken by Ausubel and 

associates (Ausubel, 1960; Ausubel and Fitzgerald, 1961; 

Ausubel and Fitzgerald, 1962; Ausubel and Youssef, 1963; 

Ausubel, Stager and Gaite, 1968). The use of advance 

organizers in learning and retention of meaningful verbal 

materials was first investigated in an Ausubel (1960) study. 

The work was based upon the hypothesis that relevant 

subsuming concepts (advance organizers) would facilitate the 

learning and retention of meaningful verbal materials. 

In this study, advance organizers were introduced prior 

to the learning of unfamiliar materials. Ausubel used four 

sections of educational psychology at the University of 

Illinois as his subjects. All 110 subjects were graduate 

students, and the subject matter for the experiment dealt 

with "Metallurgy." The basis for matching the four sections 

into experimental and control groups was an 1800-word 

passage on human endocrinology. The subjects were tested on 

a 26-item multiple-choice examination on the material and 

the scores proved to be normally distributed. The treatment 

consisted of reading a 500-word passage on metallurgy. The 

treatment was given to both groups simultaneously; however, 
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the passage read by the control and experimental groups 

differed in content. The control passage was historical in 

nature and provided no information that was relevant to the 

examination material. The experimental p~ssage was designed 

as an advance organizer for material to be studied at a less 

inclusive level of abstraction. Both groups studied their 

respective passages and three days later took an achievement 

test on the topic of metallurgy. Although both groups were 

pretested and equated on "Ability to Learn Scientific 

Information," Ausubel admits to not totally controlling the 

variable of background familiarity on the subject matter. 

Ausubel reported ''almost significant" results at the .01 

level (one tail) between the experimental and control 

groups. Although the test scores did not differ 

significantly, the results did support the hypothesis that 

the advance organizer facilitated learning. 

From his first study, Ausubel inferred that the purpose 

of the advance organizer was to provide the basis for 

anchorage of materials. However, he hypothesized that this 

might not be the only function of the advance organizer. In 

1961, Ausubel and Fitzgerald reported on the advance 

organizers' role in helping learners discriminate new 

material from previously learned but highly related 

material. They devised a second study to test the theory 

~hat in order to retrieve information from memory, it must 

have been discriminated from previously fixed concepts in 
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the cognitive structure and categorized separately. They 

concluded that the ideas that the learners possess will 

increase their ability to discriminate. 

The subjects of the experiment were 94 women and 61 men 

in an undergraduate course in educational psychology. 

Subjects were assigned to treatment groups after they were 

tested on their knowledge of Christianity. Three types of 

organizers were used: A comparative type, an historical 

type, and an expository type. The historical organizer was 

used as a control. The historical introduction was not 

considered an advance organizer because it was not written 

at a "higher level of abstraction'' than the learning 

materials. All three were of equal length. 

Since the comparative type organizer provided the 

opportunity to contrast similarities and differences, 

Ausubel and Fitzgerald hypothesized that those treated with 

this advance organizer would be able to differentiate on 

learning tasks. The comparative organizer contrasted 

Buddhism and Christianity. 

Over a three-day period, subjects were assigned to a 

treatment group after being tested on their knowledge of 

Christianity; were given one of the three types of 

organizers to read; and, were finally asked to read a 

passage on Buddhism. Three days later, a test on Buddhism 

was administered to all groups. 

administered one Meek later. 

A retention test was 
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The ___ <:__()__lll_E3.:.!:Et:._:i,_y_g __ Q£g_c:m_:L~e_r___g.r o up showed significantly 

better retention than the other two groups. Retention 

losses were greater in the historical treatment (p<.OS), 

least in the comparative group, and "average" in the 

expository group. Since most of the difference can be 

accounted for by the group scoring the lowest on the 

previous knowledge test, it was suggested that advance 

organizers were effective in giving ideational structure 

to those who appear to need it the most. 

In a similar study, Ausubel and Fitzgerald (1962) 

studied the effects of advance organizers and general 

background on the learning and retention of two unfamiliar 

sequential passages. Again, the topic was endocrinology and 

undergraduate students were the subjects. The researchers 

proposed that: (a) advance organizers enhance the learning 

and retention of unrelated materials, (b) the learning and 

retention of sequentially oriented antecedent materials will 

be facilitated by means of advance organizers, and (c) a 

significant positive relationship exists between retention 

scores of groups on antecedent and end of sequence parts of 

instruction. One hundred forty three students were randomly 

assigned to the treatment groups. After taking a General 

Endocrinology Test (GET), an advance organizer was read by 

the treatment groups and an introductory passage by the 

coqtrol group. Two days later, the experimental groups 

restudied the advance organizer, as well as a dissimilar 
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passage. An additional two days later, a test was 

administered on the dissimilar passage at a "not quite 

significant" level of .OS (significance achieved at .07). 

Analysis of variance showed that the organizer had an 

overall effect on retention scores. This was not quite so 

significant because both groups achieved so well. For 

students in the lower third of verbal ability, the advance 

organizer was significant at the .01 level, verifying that 

they retained significantly more material than the control 

subjects. This evidence suggests that advance organizers 

facilitate learning and retention of totally unfamiliar 

material. With respect to the other variables, Ausubel and 

Fitzgerald discovered that the first passage had a highly 

facilitating effect of the learning and retention of the 

second passage. However, the advance organizer was not 

facilitative of the second passage. 

For those subjects who had relatively little verbal 

ability, the effects of sequentializing learning was not 

supported by the data; however, for these same lower third 

students, general background knowledge significantly 

affected the learning and retention of the first passage, 

possibly by increasing the familiarity of the new material. 

A further study by Ausubel and Youssef (1963) exposed 

further functioning of the advance organizer. Significant 

facilitative effects were found using an advance organizer 

when dealing with "parallel related" material. As so often 
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occurs in text organization, material sequentially presented 

may in fact have no fundamental or essential sequential 

relationship. However, materials may have a parallel 

relationship such as in Ausubel's early experiments using 

Christianity and Buddhism. A great deal of cognitive 

interaction occurs between parallel materials; ~herefore, 

earlier learned material can serve as an advance organizer 

for subsequent material. The subsequent material is 

compared with and defined in terms of the earlier learned 

material. The new is thereby discriminated from the old. 

The learning task outlined by the experimenters was to 

discriminate between Christianit~ and Buddhism and ' then to 

further discriminate between Buddhism and Zen. Verbal 

ability among the subjects was again controlled. The 

experimental group given a comparative advance organizer 

achieved significantly greater learning and retention than 

the control group when asked to discriminate between 

Christianity and Buddhism. Previously learned relevant 

background knowledge (Christianity) significantly 

facilitated the learning and retention of the first of two 

unfamiliar passages (Zen and Buddhi~m). The passage of 

Buddhism facilitated the learning and retention of the Zen 

passage. These effects were attributed to the increased 

discriminability of the new set of parallel ideas when 

previous knowledge is clear and stable~ 

In summary, the early work of Ausubel and associates 
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was limited to the study of learning and retention of 

meaningful verbal materials. It was based upon the 

assumptions that: (a) meaningful learned materials are 

related to existing concepts that the learner possesses; (b) 

advance organizers provide a basis for anchorage of 

materials; (c) the learner's cognitive structure is 

hierarchically arranged; (d) comparative and expository 

organizers produce varying results; (e) advance organizers 

give ideational structure to those who appear to need it the 

most; and (f) advance organizers enhance learning and 

retention of unfamiliar material. 

Additional Studies (1960-1970) 

Although a great deal of research has been undertaken 

using advance organizers as independent variables, the 

results are often inconclusive and variable. With respect 

to statistical significance, about half of the research 

cited in this review announced complete or partially 

significant results. 

A possible reason for such diverse findings may be the 

wide variety of research settings and variables. Another 

possible reason for the diversity has been the various 

interpretations of the term, ·"advance organizer." A third 

reason for this inconsistency of results may be the 

confusing effect of intervening variables. 

Advance organizer research has involved learners from 



32 

kindergarten through graduate school. Most curricula have 

been used in the experiments to include the social studies, 

science, mathema~ics, and even a statistics program. 

Advance organizers have usually been written, but oral, 

graphic, physical models, role playing, and simulation 

formats have also been used. Subjects have been treated in 

class groupings and as individuals. The treatments have 

been by direct teacher instructions, by audio-visual 

techniques, by programmed materials, and by computer 

consoles. Subjects verbal abilities have ranged from high 

to normal to sub-normal. Studies have been conducted using 

educably mentally retarded subjects with various learning 

disabilities. Researchers have used every strata of society 

from urban to rural, from rich to poor, from white to red to 

yellow to black. Some experiments examined specific 

detailed knowledge, while others focused on more generalized 

knowledge. Studies have examined the advance organizers' 

effect on different levels of understanding from simple 

recall to the application of concepts. · With this enormous 

diversity of advance organizer research, procedures, and 

subjects, it is understandable that such a diversity of 

results exists. 

In explaining the advance organizer, Wittrock (1963) 

reasoned that they served as a mental set in which the 

learners become actively engaged in utilizing prior 

knowledge. He duplicated the study of Ausubel and 
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Fitzgerald (1961) but modified the advance organizers. His 

subjects were instructed to compar~ and contrast, , or _J:q 

understand and remember, the important facts and concepts 
- -

that were· involved in the Buddhism and Christianity 

passages. His findings substantiated those of Ausubel and 

Fitzgerald since those experimental groups that were asked 

to compare and contrast did significantly better on tests of 

learning and retention than did the treatment groups that 

were instructed to understand and remember. Wittrock 

concluded that an advance organizer used as a simple mental 

s e t was e f f ~ -c t:;j. v e i n imp r o v i n g 1 earn i n g and r e t e n t i o n • 

In a related study, Reynolds (1966) investigated three 

factors involved in verbal learning: (a) the effects of 

visual organization as opposed to verbal organization, (b) 

the relationship of learning specific facts that are related 

to previously presented materials, and (c) the impact of 

presentation on transfer. Subjects were 60 Colgate 

University men enrolled in a psychology course and randomly 

assigned to six treatment groups. Two groups familiarized 

themselves with a map, two groups learned eight sentences 

related to the map, and two groups acted as the control. 

The control group received a placebo not related to the map. 

Results showed that treatment groups demonstrated 

superior achievement as measured by a test (p<.05). It was 

found that cognitive organization may facilitate simple 

verbal learning as well as comple~ and conceptual learning. 
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Schult_~ ... _(J2_6_§j investigated the effects of advance ____________ ..__ -

organizers on the learning of the scientific concepts of 

energy forms and transformations. Schultz hypothesized that 

the advance organizers would facilitate learning as measured 

by knowledge level tests. The learning task was composed 

of 12 lessons about energy and transformation, and five 

lessons about photosynthesis and respiration. The 

experiment on the 38 sixth grade students consisted of a 

pretest, treatment, and a post-test. Schultz concluded 

that students can learn information beyond their usual 

limits when material is presented in a carefully structured 

and sequential manner. The researcher found that the 

advance organizer does facilitate learning. 

In a study by Woodward (1966), the effect of organizer 

placement was compared between two teaching strategies, 

discovery and non-discovery learning techniques. He used 27 

college students in an elementary education mathematics 

methods course divided into four experimental groups. 

Treatment included: (a) verbal learning with an advance 

organizer, (b) discovery learning with an advance organizer, 

(c) verbal learning with a post-organizer, and (d) discovery 

learning with a post-organizer. The learning materials 

included computer assisted instructional modules in 

arithmetics. The criterion test was administered on the day 

following the learning sequence. A retention test was given 

one week later. Woodward found no significant difference 
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existed along the scores between groups, the sequence of 

organizer presentation, or the type of organizer used. 

Trienzenberg's study (1967) involved testing the 
~- -~-----~--~ -------~----....... ~ ----~-·-------~~· --·· ·----- - ·-. _., ···-----..... . 

effectiveness of advance organizers on three different 

levels of abstraction. The three advance organizers used 

were verbal material, a sketch, and a mechanical model. 

Each represented the concept of equilibrium. The learning 

material for the seventh and ninth grade subjects was 

ecological systems. The method of instruction was nine 

televised lessons. Each grade level was stratified into 

high, middle, and low according to I.Q. and then randomly 

assigned to three experimental groups. Each group was 

exposed to a different advance organizer. A post-test 

measured three levels of understanding: (a) knowledge, 

(b) comprehension, and (c) application. Trienzenberg's 

analysis showed that at the comprehension level, the working 

model organizer was superior to the other two in terms of 

post-test achievement. Analysis also revealed that across 

both grade levels, nothing worked for the low I.Q. students. 

However, for the high I.Q. students, all three organizers 

worked while results varied for the middle I.Q. group. The 

students were tested for achievement on four concepts. The 

ninth grade students achieved criterion on all four 

concepts. The seventh grade mid-range I.Q. students 

achieved criterion on only one of the four concepts. The 

one achieved used the sketch as the advance organizer. 
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Triezenberg concluded that advance organizers facilitated 

understanding for the students at the higher range of the 

I.Q. scale, varied at the middle range, and are of little 

use for the lower I.Q. range students. 

Jerrolds (1967) tested the effects of the advance 
. ---- - - --- - --~- ~---- - --·- --- -·-· 

organizers and modified advance organizers containing 

greater descriptions on the delayed retention of specific 

facts in reading. He randomly assigned 84 ninth graders to 

seven treatment groups. The subjects were all screened for 

average and above average I.Q. and above the forth 

percentage on the Iowa Test of Basic Skills. There were no 

significant differences found among group scores on a 

retention test when advance organizers and modified advance 

organizers were utilized. It must be noted that Jerrold 

used a deliberately skewed sample of high level subjects. 

Therefore, it is possible that the subject's cognitive 

structure was already of such a magnitude that the 

additional aid in the form of advance organizers was 

inconsequential. 

Advance organizers were applied to an instructional 

s t rate g y by H us t u f t:_ ___ L~~-~22__ t h a t as s e s s e d s tude n t behavior 

while also allowing the instructor of the course to make 

inferences regarding the student's future performance. The 

159 college seniors that he used were randomly assigned to a 

control or experimental group. The advance organizers were 

four video-taped projections of the advance organizer for an 
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8-10 second interval. Following the exposure, the course 

contents was projected by video-tape. The control group 

utilized an oral response mode for course content. After 

the treatment, a 30-item test on decision-making was 

administered to all groups. Results showed that advance 

organizer placement had a significant effect on post-test 

scores and that those students who received an advance 

organizer in contingency with the lecture, scored best on 

the test. 

~:~-=---~~.~.~?2... investigated the e f f e c t s of an advance 

organizer on the performance of a psychomotor task. Using 

four different treatment groups, he compared achievement on 

pretest, retention, and performance tests. The results 

indicated a significant difference among group scores on 

tests when these groups were exposed to an advance 

organizer. Groups using the advance organizer scored 

significantly higher on learning and retention when compared 

to groups not using the advance organizer. 

~J.l~_e:x .. __ il.9..-~.2)_ investigated the facilitation effects of 

an advance organizer on undergraduate learning and retention 

of unfamiliar but meaningful learning. The subjects were 71 

West Virginia students in education psychology who were 

divided into two groups. Both the control and the 

experimental groups studied in two separate content areas: 

(a) behavioral objectives and (b) learning. The treatment 

included the experimental group's receiving a behavioral 
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objective with a passage that was the advance organizer. 

The control group received a passage that was not an advance 

organizer. Each group studied the respective passages and 

were informed of the forthcoming test. A lecture by the 

investigator followed and three weeks later a test was given 

on the behavioral objective unit of instruction. The 

results showed that the advance organizer group scored 

higher than the non-advance organizer groups in the 

achievement of behavioral objectives: however, there was no 

significant difference in learning across groups. 

Allen's st~?.I ~ ~,?_?_?) __ showed significant results using 

advance organizers with social studies material. Subjects 

were 212 ninth graders of low socio-economic status. Allen 

hypothesized that higher order questions that require 

students to search through and mentally manipulate data 

might enhance the facilitative effects of advance 

organizers. Students were randomly assigned to four 

treatment groups. Combination of not advance organizer and 

advance organizer with memory level and higher level 

questions were used. The treatment lasted four days and the 

fifth day was used for testing. Three weeks later an 

alternate test form was used to test for retention. 

Analysis of results showed that all students did best on 

sub-tests corresponding to their type of treatment. 

However, test results were enhanced by the effects of the 

advance organizer and treatment questions for the average 
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and below average students. 

In summary, 13 st_l!_dies conducted during the 1960-1970 

period were found concerning the utilization of advance 

organizers or similar cognitive organizers that directly or 

indirectly related to the present study. Of these 13 

studies, 10 supported Ausubel's theory (Ausubel, 1960; 

Ausubel and Fitzgerald, 1962; Ausubel and Youssef, 1963; 

Wittrock, 1963; Reynolds, 1966; Schultz, 1966; Triezenberg, 

1967; Hustuft, 1969; Burse, 1969; and Allen 1969), and three 

studies (Woodward, 1966; Jerrold, 1967; and Billey, 1969) 

found no significant differences in achievement when advance 

organizers or similar cognitive organizers were used. 

Relevant Studies (1970-1980) 

Studies conducted during the 1970-1980 time period 

concerning the use and effectiveness of advance 

organizers have contributed to the fund of general knowledge. 

These studies have been accomplished in an attempt to answer 

three important queries: (a) Are advance organizers an 

effective instructional device, (b) Do advance organizers 

facilitate learning, and (c) Do advance organizers enhance 

retention? Because most researchers have recognized the 

diversity of their studies and the elusiveness of their 

subjects, they have been cautious in their conclusions and 

have guarded against unjustified implications. However, 

most have viewed advance or g _a~-~-~~-~-~--~-s i mp?_rt~- ~-~---~n_O._~.?-~ .. ~!_o r 
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further research and have encouraged other researchers to 

join the quest. 

Pro_g_~_~ _ _.?_I!.<!._T_<H1Qr. _(1_9 !.0)_. used ad vane e organizers to 

identify and describe certain mechanisms of structuring that 

occur, with highly specific meaningful printed passages. 

The four advance organizers used in this study were: (a) a 

paragraph abstract, (b) an enumerated sentence outline, (c) 

a true-false pretest, and (d) a completion test. Each of 

the pre-passage structuring methods utilized contained a set 

of 10 key points from the learning passage that was employed 

as the task. A sample of five twelfth grade social studies 

classes were the subjects. Each of the groups was randomly 

assigned to one of four treatments. A 2600-word passage on 

Amish culture was the learning task. It contained the 10 

key points to be learned. The students read the passage and 

were immediately tested on a 20-item multiple-choice 

criterion test. Results supported advance organizers and 

showed that the boys did significantly better than the 

girls. 

Gagne' and Wiegand (1970-L_used "main ideas" as a 
----------· 

superordinate context to determine its effects on learning 

and retention in elementary grade students. The pupils were 

given facts to learn and remember about monkeys. The 

experimental group was given the main idea with the facts. 

The control group was not given the main idea. Significant 

differences in favor of the main idea group were found on a 
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retention test. The authors emphasize the use of advance 

organizers in retrieval. 

One study that served as the basis for the present 

investigation was that of Weisberg (1970). In his research, 

Weisberg used visual advance organizers. He attempted to 

test the facilitation effect of visual advance organizers in 

learning a geographical concept. Subjects were administered 

a pretest before they were assigned to one of three 

treatment groups. Subjects were placed in the treatment 

groups according to previous knowledge of the concept as 

well as by sex. Treatment included exposure of the subjects 

to: (a) a verbal, (b) a sketch, and (c) a model type of 

advance organizer. A post-test followed the new learning 

task. Analysis of variance was used to evaluate the post

test results. Weisberg found that the sketch and mpdel 

visual advance organizers functioned at a highly significant 

level, whereas those treatment groups that were subjected to 

verbal advance organizers did not achieve significantly 

higher when compared to other groups. 

In a similar study, Brovey (1970) attempted to 

determine the effects of varying types of advance organizers 

on the acquisition and retention of knowledge of various 

geographical phenomena in a field environment. Subjects 

were given a pretest on rock and mineral relationships and 

then placed in either an experimental or control group on 

the basis of their pretest scores. Two 500-word passages 
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differing only in content were used as a means of presenting 

the independent variable. After studying the introductory 

passage, the subjects were shown rock formations in a park 

and at each predetermined station were asked to read a 

passage describing the formation. A criterion test was 

administered after the park visit and a retention test 

followed one week later. Results showed that the group 

using the advance organizer and observing the first-hand 

experiences in the park did not differ significantly on test 

scores for either the post-test or retention test when 

compared to the control group which did not have the 

experience. 

Kuhn and Novak (1970) conducted a two pronged study on 
··--·· ------- --··- ... ' -· ··· '~- -- ·-- ... _,, ... ...... ___ . 

university students in an elementary biology course. In 

Study I, the experimental subjects were exposed to an 

expository organizer. This was done prior to the learning 

task and again one week later before a laboratory exercise. 

The control group received the same treatment, but were 

given an historical passage to read instead of an advance 

organizer. A 20-item multiple-choice test was administered 

at the end of the laboratory period. Retention was measured 

five weeks later. Results of Study I show significant 

differences in favor of the advance organizer group. 

In Study IT, the treatment was similar to Study I with 

the exception that the content of the advance organizer was 

biological organization as opposed to homostasis as had been 
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the case in Study I. Treatment was the same as in Study I 

and the results proved to be almost the same with a 

significant difference in favor of the advance organizer 

group. 

~-o~-~~-- C! _I1_d _ g!-!_l_>_r_~A ____ _{_ 1_9_7_!_1 _ investigated the pro b 1 em of 

finding appropriate grade levels for the teaching of a 

concept of non-algebraic vector addition. They also 

addressed the problem of determining if information can be 

subsumed into the learner's cognitive structure with enough 

clarity and stability that it can be usefully employed by 

the subject to learn subsequent but related materials. Each 

of the 288 eighth, ninth, and tenth grade students went 

through four 40-minute audio-tutorial lessons on vector 

addition. One-fourth of the subjects took a post-test three 

days after completing the four lessons; one-fourth took the 

test three weeks later; one-fourth received the test six 

weeks later; and, the remaining one-fourth were taught new 

materials related to what was previously learned. The group 

exposed to the new learning took a post-test designed to 

measure only that information taught in the new learning 

task. 

The results supported Ausubel's subsumption theory. A 

difference of 3.9 points (66%) between grades eight and ten 

indicate that a significant difference would have occurred by 

chance less than one time in 1000 (p <.001). Results also 

supported Ausubel's theory when meaningful learning of rules 
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resulted in significantly higher scores between grades eight 

and ten indicating that previously learned materials served 

as an anchorage for new materials. 

Dvergsten (19?~L studied the effects of using advance 

organizers combined with "guided discovery'' on achievement 

and retention in high school biology. The "master ideas" 

were used as advance organizers. "Guided Discovery" is a 

procedure whereby subjects were instructed to identify 

concepts and combine them into generalizations or major 

ideas. The experimental group used advance organizers and 

guided discovery while the control group used only guided 

discovery. Results indicated no significant differences 

between the groups. The Dvergsten study appears to indicate 

that there are no significant differences between 

deductively given or inductively developed advance 

organizers. 

Mumford (1971) attempted to improve on the design of 

Ausubel's original work. His criticism cites: (a) 

inadequate control of the possible contribution of the 

advance organizer to the criterion measure, (b) failure to 

control the familiarity of the material, (c) unequal number 

of learning trials among Ausubel's treatment groups, and (d) 

no distinction between learning and memory. In his 

replicative study, Mumford attempts to control the 

contaminative effects the advance organizer might have on 

the knowledge acquisition variable by using both an advance 
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organizer and a post organizer. Random assignment of 

subjects to treatments was used to control for familiarity 

and the number of learning trails were equalized. All 

groups received a test-retest sequence to distinguish 

between learning and retention. Two groups received 

organizer treatment (one advance and one post) and Mumford 

used a third group as a control. The control group received 

an "historical passage" as a placebo in place of the 

organizer. Mumford found no significant difference among 

the groups in both learning and retention. Although he 

states that serious questions must be given to the role of 

advance organizers in meaningful verbal learning, he also 

suggests that further inquiry into the theory should be 

undertaken. 

Omura (1971) argued that students get "lost" when 

reading a test and become "disoriented." Showing students 

how concepts are organized and sequenced can prevent this 

disorganization and thus should enhance understanding. 

Omura devised three treatments: (a) introducing an 

"instructional map" in a schematic diagram format before the 

text material, (b) placing "test-like" questions after the 

passages, and (c) inserting an introductory passage before 

the text material. The "instructional map" showed 

relationships among the concepts, the order of their 

arrangement, key names and words, but little explanation. 

The "test-like" questions related concepts presented in the 
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text material to concepts appearing earlier in the text. 

The introductory passage emphasized the organization of the 

text material. The subject matter was economics and 

concerned the measures of gross national product and income. 

Random distribution of the 108 college students into 

treatment groups was used. An achievement test was 

administered to all subjects after reading a 2500-word text 

selection. A sub-test dealing with the relationships of the 

concepts in the text was taken from the main achievement 

test. On the sub-test, Omura reported that the 

"instructional map" group scored significantly higher than 

the other group. However, it should be noted that Omura 

used a level of significance of .10 which is twice that of 

the traditionally accepted minimum level of confidence. 

In a study by Malone (1971), the effectiveness of a 
,.- . ,• . ..... ~_. ........... , . ···- --~--- ..... ..... --~--.............. ·-~ ,:.._ .... ....,_ 

cybernetic model as an advance organizer in teaching 

physiology was investigated. Subjects were randomly 

assigned to experimental and control groups. The 

experimental materials included an advance organizer in the 

form of a model to study. Its purpose was to organize the 

information needed to understand the learning task that 

followed. The control groups were given an historical 

introduction in lieu of the advance organizer. A learning 

task consisting of written descriptions of four 

physiological control systems was given to both groups after 

the advance organizer or historical passage was given. 
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An achievement test was given to all groups and three 

weeks later the groups were tested for retention of the 

material. A two-way analysis of variance was utilized to 

determine the influence and interacting effects of treatment 

and sex on the acquisition and retention of factual 

information. Statistical analysis of the results showed no 

significant differences between treatment groups, between 

men and women, and no interactive effects between treatment 

and sex. 

Schnell (1973) studied the effects of advance 

organizers and post organizers on reading comprehension of 

160 community college freshmen divided into four groups. 

The reading material dealt with educational psychology and 

was presented at a readability level of grade thirteen. A 

20-item multiple-choice test was used as criterion. Schnell 

concluded that the use of both advance organizers and post 

organizers significantly increased comprehension compared to 

the control group. 

The effects of pre and post organizers on the retention 

of economic concepts at the collegiate level was studied by 

Anderson (1973). He reported significant effects for the 

advance organizer, but the effects of the post organizer 

were not as revealing. The advance organizer used in this 

study was a 790-word passage dealing with supply and demand. 

Significant effects were found for three levels of 

comprehension: (a) recognition, (b) simple application, and 
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(c) complex application. The learning treatment lasted for 

two weeks and a post-test of 30 multiple-choice questions 

was administered after three weeks. Anderson suggests that 

his results advocate the use of advance organizers as 

instructional strategies. 

Caponecchi (19Z~l found significant results in his 

study using an advance organizer in mathematics with 91 low 

ability college students. Subjects were given one of three 

treatments: (a) advance organizer, (b) introductory 

overview, or (c) historical control. The treatments were 

given in class two days before the learning task was 

introduced. The instruction was presented in a two week 

period and the topic was matrices. Results of the study 

showed that when subjects were stratified into high, middle, 

and low groups based on the American College Test score, a 

significant difference was observed in favor of the advance 

organizer with the low achiever group. 

In his study dealing with the effects of the organizer 

on learning in a college audio-tutorial genetics course, 

Scarnati (1973) used the "structural overview" as an advance 
----------··-~ ·-··· oM 

organizer. The researcher collected data on prior 

achievement and other background variables of the subjects 

enrolled in an audio-taped genetics course at Syracuse 

University. Subjects were divided into two groups based on 

scores of a pretest. A t-test was used to show these two 

groups to be significantly different. The two groups were 
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divided randomly. One half of each of the original high and 

low groups received the advance organizer treatment, but the 

other two halves received no treatment. Analysis showed the 

high advance organizer groups achieved significantly greater 

than the other three groups. 

Schumacher (1975) and associates studied the 

interaction of passage structure and advance organizers on a 

prose passage containing information about six obscure 

American Presidents. Subjects were 140 male and female 

college student volunteers who were presented with either 

one long paragraph or six separate paragraphs. Half of the 

subjects in each condition were given an advance organizer 

describing the passage organization and half were given 

nothing. Contrary to expectation, subjects the given 

passage with neither paragraph cues nor an advance organizer 

recalled better than subjects given paragraph cues but no 

advance organizer. Subjects given the advance organizers 

recalled in the intermediate range regardless of paragraph 

structure. 

In a British study,~§atterly and Telfer (1979) examined 

the interaction of field independence (individual 

differences) and advance organizers in learning and 

retention. The subjects were 96 boys and 84 girls aged 14-

15 years and randomly assigned to twelve teaching groups. 

The researchers further randomly allocated teachers to 

groups and the groups to one of three treatments: (a) 
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lessons, (b) lessons plus the advance organizer, and (c) 

lessons plus the advance organizer plus specific reference 

to its organizing properties. The field independence 

distribution was stratified into three levels described as: 

(a) field independent, (b) intermediate, and (c) field 

dependent groups. The results supported the effectiveness 

of the advance organizer in promoting learning and retention 

among students with certain learning characteristics, but 

not among others. The field dependent subjects, whose 

ability to deal with formal structures is limited, were 

helped by the use of advance organizers, but only when the 

teachers emphasized its properties during the lesson. The 

advance organizer did not produce significant learning 

results among the field independent and the intermediate 

pupils when used without reference to its function. 

However, the researchers caution that the apparent failure 

of the advance organizer in the treatment of the field 

independent and intermediate groups cannot be taken as 

positive evidence that organizers are of little value in the 

classroom. 

In summary, the 16 relevant studies reviewed continue 

to show that during the 1970-1980 time period research 

remained varied and produced differing conclusions. The 

results from these reviews indicate that nine studies 

support Ausubel's theory (Proger and Taylor, 1970; Gagne' and 

Wiegand, 1970; Weisberg, 1970; Kuhn and Novak,· 1970; Novak 
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and Gubrud, 1971; Schnell, 1973; Anderson, 1973; Caponecchi, 

1973; and Scarnati, 1973) and ~~-Y~...!!-~.tusLte..~_(Brovey, 1970; 

Dvergsten, 1971; Mumford, 1971; Omura, 1971; Schumacher, 

1975; and Satterly and Telfer, 1979) show a lack of support 

or found no significant differences in achievement or 

retention when advance organizers were used. 

Contemporary Studies 

As suggested by most researchers, investigation of the 

effects of advance organizers on achievement and retention 

should continue. The newer studies are concerned wit.h large 

amounts of factual information to be retained, various types 

of organizers, differing classroom formats, and differing 

lengths of verbal organizers. 

Slack (1980) and associates evaluated the effectiveness 

of an advance organizer in a medical microbiology course. 

The freshman medical class at the University of Iowa was 

divided into an experimental and a control group. Both 

groups read a six-page written handout prior to the lectures 

and laboratory periods on pathogenic bacteria. The 

experimental groups read an abstract and generalized advance 

organizer dealing with how pathogenic bacteria cause disease 

while the control group read a non-conceptual passage 

dealing with antibiotics. After each presentation, both 

were collected. An achievement test was administered 

immediately after the instruction period to measure short 
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term learning. A test was administered again after six 

months to measure long term retention. Results showed a 

significant difference in the performance on the short term 

test in favor of the advance organizer group. It was also 

concluded that the advance organizer group showed a 

significant difference on the long term test. The 

investigators give support to Ausubel's theory by showing 

that the introduction of relevant and inclusive concepts 

(advance organizers) where none previously existed results 

in increased learning and better retention of unfamiliar 

verbal material. The researchers further recommend that 

advance organizers be used in appropriate situations where 

large amounts of factual information must be learned. 

Johnson (1980) investigated the effect of advance 

organizers on the retention of text material by college 

students on varying reading abilities. From introductory 

psychology classes, 240 undergraduates were selected as 

subjects. Based on their scores on a reading comprehension 

test, the sample was divided into high, middle, and low 

groups. Each group of 80 students was then randomly 

assigned to one of four treatments. Treatment 1 was the 

advance organizer and paragraph organizers (indentations); 

treatment 2, paragraph organizers only; treatment 3, the 

advance organizer only; and treatment 4, no organizer. 

Statistical tests of analysis of variance yielded the 

results that reading comprehension was a highly significant 
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independent variable, but the treatments or manipulations 

were not. Johnson concluded that the differentiated effects 

on recall by students with low, middle, and high 

comprehension scores using advance organizers cannot be 

supported. 

In a study by Elkins (1980), effectiveness of teaching 

the structure of sociology as an advance organizer on 

reading comprehension and delayed recall was investigated. 

A visual model of the structure of sociology was taught by 

audio-tape to urban community college students who were poor 

readers. The treatment group received an explanation of the 

visual model while the control group received the model but 

listened to a placebo tape giving general instructions about 

the procedures of the experiment. All subjects took a model 

mastery test and a reading comprehension test in sociology 

text material. Three weeks later, some students received 

additional tests to measure retention. Test results showed 

a significant difference between treatment and control 

groups on the model mastery test; however, this knowledge of 

structure of sociology made no significant difference on the 

sociology reading test or on the delayed retention test. 

Elkins concluded that the results do not support Ausubel's 

advance organizer theory as applied to reading comprehension 

in sociology. 

In a complex study by Haghighi (1981), the investigator 

attempted to determine whether: (a) an underlined text was 
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more effective on meaningful learning than the same text 

with no underlining; (b) organizer treatments (advance, 

post, and placebo) had a differential effect on meaningful 

learning; (c) underlined/non-underlined treatment interacted 

with organizer treatments; and (d) combined treatments 

(underlined plus organizer) were more effective than single 

treatments (organizers only). The subjects for the study 

were undergraduate Iranian students enrolled in a college or 

university in the United States with an Iranian high school 

background in science and mathematics. One hundred forty

four qualified subjects (60 males and 84 females) 

voluntarily participated in the experiment and were randomly 

assigned to one of six treatment groups. The treatment 

materials consisted of: (a) a 2200-word excerpt (underlined 

and non-underlined) related to Socrates' position in 

philosophy; (b) a 450-word advance organizer which served 

both an expository and a comparative function; (c) a post 

organizer with the same content as the advance organizer; 

and (d) a 430-word biographical placebo organizer. The 

experiment was conducted in six sessions, three in 

California (Berkley-30 subjects, Los Angeles-24, and San 

Jose-18) and three in Texas (Austin-30, Houston-42, and San 

Antonio-12). A 30 mixed-item test was administered 

immediately after the treatments. The conclusion drawn from 

the data analysis were: (a) advance organizers facilitate 

meaningful learning; (b) underlined cues also facilitate 
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meaningful learning; (c) presence of both advance organizers 

and underlining do not significantly enhance meaningful 

learning compared to the presence of the advance organizer 

or underlining alone; and (d) underlining cues might be used 

as an alternative to advance organizers to facilitate 

meaningful learning. 

The purpose of_~?.-~.:_~-~- "~--- - -(~?-~_!.l__ __ _study was to determine if 

three groups differing in prerequisite skills and knowledge 

will benefit from an advance organizer. The subjects were 

154 middle school students grouped into the three separate 

categories by an appropriate test. In each category, 

students were paired then randomly assigned to the advance 

organizer or non-organizer treatment. Students received 

three days of classroom instruction immediately followed by 

an unannounced criterion test. Statistical analysis showed 

that the high prerequisite skills and knowledge, advance 

organizer students did not score significantly higher than 

high prerequisite skills and knowledge, non-organizer 

students. The same results were reported for the middle and 

low level students. Moore concluded that the results of 

this experiment do not add support to Ausubel's theory. 

Rodman (1982) studied the differential effects of 

advance organizers and behavioral objectives using four 

sections of graduate students. The experiment was conducted 

using a one-semester course divided into five instructional 

units. Each unit was followed by a 33-item multiple-choice 
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examination. During the third unit, each lecture was 

preceded by an advance organizer (the experimental 

treatment) or by behavioral objectives (the control 

treatment). Objectives and advance organizers were used 

only during the third unit. Scores of all subjects were 

compared for tests 3, 4, and 5, using analysis of covariance 

with tests 1 and 2 as covariates. No differences among 

groups were observed on unit test 3, which immediately 

followed the use of the preinstructional treatments. On 

tests 4 and 5, however, students who studied with the 

benefits of organizers performed substantially better tha~ 

those using behavioral objectives. This result indicates 

that advance organizers may have a cumulative effect and 

that organizers have their strongest impact in situations 

requiring conceptual understanding, but no differences were 

noted on recall or alogorithmic questions. 

In a recent study, Skelly (1982) determined the 

effectiveness of a comparative advance organizer in 

illustrated prose format on learning and retention of 201 

ninth grade students. Subjects were randomly assigned to 

four groups, each of which included both high and low I.Q. 

segments. Group one read the advance organizer, group two 

read the advance organizer and the learning packet, and 

group three read only the learning packet. The control 

group received no instructions. Learning was asse.ssed by a 

multiple-choice test administered immediately following the 
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learning session. Retention was measured using the same 

examination administered six week later. No significant 

differences in student learning or retention were found 

among those who read both the advance organizer and the 

learning packet versus those who read only the packet. 

Skelly also found no significant interactions between the 

advance organizer and mental ability. 

B o r i n e__0_9_?_D_ i n v e s t i gat e d the e f f e c t i v e n e s s o f 2 0 0-

word advance organizers, 20-word advance organizers, and no 

advance organizers for meaningful learning and retention 

using expository passages. Subjects were 121 seventh 

graders identified by two reading levels and randomly 

assigned to one of the three treatment conditions. 

Depending on the treatment, the subjects read an organizer 

or no organizer followed by a 1500-word expository passage. 

The same day, subjects were administered a comprehension 

test consisting of 20 items. 

reported in four categories: 

Results of the study were 

(a) the 20-word advance 

organizer at-level readers were superior to the 200-word and 

no advance organizer readers on immediate comprehension; (b) 

the above-level readers showed no facilitative effects among 

the 200-word organizer, the 20-word organizer, and the no 

advance organizer readers on immediate comprehension; (c) 

the 20-word advance organizer at-level readers were superior 

to the 200-word and ·no advance organizer readers on delayed 

retention; and (d) the above-level readers showed no 
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facilitative effects among the three treatments on delayed 

retention. 

Gonzale~_D_9_82.L directed his study toward the 

evaluation of advance organizers used to initiate 

preinstructional concepts to improve retention of a new 

technical curriculum. The subjects were 94 students in six 

separate treatment groups who were administered pretests and 

post-test on each of three separate booklets using written 

words and illustrations to represent facts, principles, and 

generalizations toward the technical curriculum: automotive 

electrical fundamentals. Each advance organizer was 

introduced prior to the technical instruction for 20 

minutes, twice a week. Treatment group A received technical 

instruction plus advance organizers; treatment group B 

received technical instruction only; and treatment group C 

received neither advance organizers nor technical 

instruction. Results showed that subjects who received 

technical instruction plus advance organizers (treatment 

group A) scored significantly higher than subjects receiving 

technical instruction only (treatment group B) on the three 

immediate unit tests: however, delayed retention test scores 

between treatment groups A and B indicated no significant 

difference at the .OS level. Subsequently, it was learned 

that each teacher required the delayed retention test as the 

final exam grade; hence, the subjects may have "overstudied" 

and obliterated the results. 
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The purpose of Noel's (1983~study was to investigate 

the influence of advance organizers on the transfer of rule 

learning to problem-solving situations. The subjects were 

72 fifth and sixth grade students evenly divided into high 

and low spelling ability levels. Within levels, learners 

were randomly assigned to one of two treatments, one with 

advance organizers and one without advance organizers. 

Results indicated those with greater general ability 

performed better on the transfer test of rule learning than 

those with less general ability, although both groups 

achieved the same level of performance in applying rules 

taught during the instruction. Results showed no 

statistically significant differences in transfer of 

learning could be attributed to the inclusion of advance 

organizers and no detrimental effects on transfer learning 

were caused by the advance organizers. 

In summary, ten contempo~. ~. 1:"Y studies were found on the 

utilization of advance organizers or similar organizers in 

varied disciplines which relate to the present study. Of 

these ten studies , six supported Au s u ~ ~-!~ s ~~-~-? ry ( S 1 o c k , 

1980; Haghighi, 1981; Rodman, 1982; Skelly, 1982; Borine, 

1982; and Gonzales, 1982) and four studies (Johnson, 1980; 
--~, .. ----·--,,. ... ·-······ 

Elkins, 1980; Moore, 1981; and Noel, 1983) found no 

significant difference in achievement when advance 

organizers or similar cognitive organizers were used. 
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Reviews of Advance Organizer Research 

The failure of advance organizers to produce significant 

results have been explained in several ways. The many 

explanations range from criticisms of the basic techniques 

used to derive the organizer to the general dismissal of the 

advance organizer as an effective learning strategy. After 

reviewing specific studies which are -~~-~_lfl_a_~-~ _ ~.?. the areas 

under investigation in this study, an examination of various 

reviews of advance organizer research will provide an 

overview of advance organizer investigation. At the same 

time, the reviews will present some of the conclusions and 

recommendations of the researchers. 

Barnes and Clawson. 

A review of 32 studies by Barnes and Clawson (1975) 

focused on the question, "Do advance organizers facilitate 

learning?" Pursuing that question, they analyzed and 

categorized the research according to both findings and 

particular variables. 

Barnes and Clawson charted 12 of the 32 studies as 

show i n g s i g n i f i cant 1 y fa c i 1 i t a t i v e e f f e c t s • ___ !_~-~..E..~. o f the 

studies were listed as being nonsignificant. Since their 

chart was organized chronologically, it can easily be 

observed that most of the studies showing significance took 

place in the earlier years of the 1960-1974 time span. In 

fact, if the 32 studies were divided into two groups of 16 
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studies each, the first 16 studies took place during the 

years 1960-1969. In that time frame, nine studies showed 

significance while seven exhibited no significance. In the 

second time frame, from 1970-1974, three studies showed 

significance and 13 showed none. The implication is that in 

the first few years after the emergence of the "new" theory, 

researchers may have had a tendency to sacrifice meticulous 

research design for the chance to replicate and confirm 

Ausubel's findings. A more skeptical attitude may have 

prevailed in the research of the later years producing fewer 

significant results. 

Barnes and Clawson analyzed the 32 studies that they 

selected for their review with respect to the following five 

variables: (a) length of treatment, (b) subject area, (c) 

grade level, (d) ability of the subjects, and (e) level of 

the learning task. In examining the length of treatment, 

four categories were utilized: (a) one day, (b) two through 

five days, (c) six through ten days, and (d) greater than 

ten days. 

Advance organizers were most successful in the two 

through five day category; however, in no category did the 

studies showing significance for advance organizers out 

number those studies showing no significance. In the one 

day category, the significant to nonsignificant score was 

five to eight. The six to ten day category showed a score 

of zero to two, and in the greater than ten day category, 
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the results were one to four in favor of the nonsignificant 

studies. 

With jespect to subject matter, the researcher's review 

showed consistently nonsignificant results for each of their 

subdivisions: social studies (three to eight), science 

(three to eight), and mathematics (two to six). However, 

they were almost forced to include a religion category since 

the original work done by Ausubel (1961, 1963) was in this 

topic area. 

results. 

Both the religion studies produced significant 

In respect to grade level, half of the 32 studies were 

conducted with subjects at the post-secondary school level. 

Half of these studies reviewed found significant effect for 

advance organizers. 

Barnes and Clawson report that of the 13 studies which 

reported results in terms of student ability, only five 

showed significance while eight were nonsignificant. 

Stratified into high, middle, and low ability levels, the 

results were as follows: (a) high, three significant to 

four nonsignificant; (b) middle, one to four; and (c) low, 

one to five in favor of nonsignificant results. Finally, 

with respect to learning task, only three studies were 

reviewed. The researchers drew no conclusions from this 

small sample. 

Barnes and Clawson state than no clear patterns have 

emerged as a result of their analysis and conclude that 



63 

"advance organizers, as presently constructed, generally do 

not facilitate learning" (p. 651). However, the authors 

also point out that statistical significance and practical 

significance are not the same. The former is a mathematical 

conclusion while practical significance is a judgmental 

conclusion. 

The Barnes and Clawson review added important 

perspective to the research technique but left several 

questions unanswered. First, of the many studies done on 

advance organizers, why were these 32 particular studies 

chosen for review? There are at least twice as many studies 

on advance organizers as were used in the review. No 

rationale for the selection of the studies or the number of 

studies selected was offered by the authors. A different 

selection of studies could easily have pictured advance 

organizers in a more favorable light. Second, why select so 

many studies by so few researchers? Obviously there was an 

abundance of studies available for review. Barnes and 

Clawson chose to use the studies of four researchers for ten 

of their 32 cases. 

Even with those limitations, Barnes and Clawson present 

important direction and focus in their recommendations for 

further research. They note that Ausubel has not 

operationally defined the advance organizer. This has 

caused major problems in developing research design and 

comparing research results. Barnes and .Clawson stress the 
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need for operationally defining the advance organizers used 

in future research. They also note that few studies have 

investigated the long-term effects of advance organizers. 

They suggest that future investigators should extend the 

terms of their studies. They call for studies in a greater 

variety of subject matter and recommend that research be 

conducted with graphic or visual organizers. Finally, they 

call for rigorous research design, control for familiarity 

of subject matter, and a determination of the effects of 

organizers on all levels of the cognitive domain. 

Many of Barnes and Clawson's recommendations are 

incorporated into this study. The advance organizer is 

operationally defined by the researcher and evaluated by a 

panel of university teachers. The ~~~- ~-~ce o~g~-~~:i!:~LS.~ 

incorpor~ i:i- ~ .:~ two distinct modes: v~E.!? .<~l. and~_g__r~phic. The 

study provides for testing for mastery of the learning 

material beyond simple recall. The study extends over a 

seven week period from the advance organizer introduction to 

the delayed retention testing. Finally, this study measured 

the effects of the organizer at a higher level of cognitive 

functioning than the "knowledge of ••••• " (Bloom's Level 1). 

A complete discussion of this study's design and procedure 

is delineated in chapter three. 

Lawton and Wanska. 

Lawton and Wanska (1977) find the Barnes and Clawson 
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review to be inadequate because "Although a group of studies 

may be 'similar' in terms of utilizing a written organizer, 

they may be very diversified in terms of subject's age or 

ability level, length of treatment, or subject matter 

taught. Nevertheless, the authors treat them as comparable 

studies" (p. 236). \ An additional problem with the Barnes 
··- -··-·· -- -- J 

and Clawson review, according to Lawton and Wanska, is that 

no rationale was presented for the inclusion or exclusion of 

studies from the review. 

In their criticism of the earlier review, Lawton and 

Wanska suggest that not only Barnes and Clawson but many 

researchers have had difficulty arriving at an operational 

definition of the advance organizer in order to derive an 

appropriate, abstract, general, and inclusive organizer for 

their studies. Furthermore, given that a potential 

organizer has been derived, Lawton and Wanska (1977) 

identify two additional problem areas. First, there is no 

guarantee that the learner will learn and use the organizer, 

and second, the learners in control groups may already 

possess suitable subsuming concepts, thereby, rendering an 

advance organizer unnecessary (p.224). 

For the purposes of this study and to insure ego-

involvement, the students were told that they would be 

informed of their individual scores, as well as the over-all 

class results, at the completion of the experiment. The 

subjects also signed a statement that they had "carefully 
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and thoughtfully" read the advance organizer two times and 

had attempted to understand and retain its contents to the 

best of their abilities. 

Luiten, Ames, and Ackerson. 

L u i t en , A~~~_!_-~~-~ __ A<: ~-~-!:3-2.!!.. ._(J_2_7 9 _.__J _2JiQJ_ r e b u t the 

Lawton and Wanska (1977) critique when they point out that 

while the critique addresses a number of inaccuracies in the 

Barnes and Clawson (1975) review, it fell short of refuting 

the conclusions stated in the review. \. Luiten et al. (1980) 

suggest that a weakness in the Barnes and Clawson (1975) 

study is that, by using a voting technique procedure, it 

failed to "take into account any positive treatment effect 

that fails to reach statistical significance" (Luiten et 

al., 1980, p. 211). They declare that the opposite was true 

because positive yet nonsignificant effects were grouped 

with studies showing negative effects, thus biasing the 

results against favorable findings (p. 212). Using the 

Glass (1978) meta-analysis technique, they compared 

treatment effects of advance organizers across 135 stud i es. 

Their basis of comparison was the assumption that all effect 

sizes are worthy of analysis. The use of the meta-analysis 

technique makes possible the detection of consistent 

treatment effects across all studies even though some of the 

effects may not be significant. 

By their analyses, Luiten et al. (1980) showed that: 



67 

(a) the positive effects of advance organizers across t i me 

tend to increase, (b) the advance organizers are especially 

effective with high ability subjects, and (c) for most grade 

levels, aural advance organizer presentations seem to be 

more effective than written. The vast majority of the 

studies analyzed by Luiten et al. utilized a written advance 

organizer format and did not attempt to measure delayed 

retention; however, the general conclusion of the study was 

that the use of advance organizers is beneficial for al l 

ages and ability levels. 

An operational definition of "advance organizer s tudy", 

by which the studies were selected for analysis, is possibly 

the prime limitation of the Luiten et al. (1980) study. 

This definition would have alleviated a flaw in which 

characteristics of organizers used in specific studies were 

not described nor was a list of those studies presented. 

Kozlow. 

__ _ !!"te ___ ~9_!;_!:__C:()_~P ~ e ~~ ana 1 Y.~ -~ ~ of advance organizer 
- --------·--·--- - ------- -- ----·-- -----· 

research is Kozlow's (1978) study which identifies and ----- -- ·-·-- ---· 

traces the "variables relating to subjects, research 

procedures, content to be learned, experimental materials, 

and research results" (p. 10). In th~L 99 research . <::.~ -~~-13 

chosen, 65 variables were tabulated and examined. The 

sophisticated statistical analyses yield a veritable wealth 

of information; however, only some results are relevant to 
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this study. 

Kozlow (1978) notes that there is considerable range in 

types of advance organizers used in research. Advance 

organizers vary in terms of length, content, and format. 

The purpose of Kozlow's study was to: (a) describe the 

characteristics of advance organizers used in research, (b) 

ascertain the conditions under which the research was 

conducted, and (c) identify the significant "predictors" of 

advance organizer effects. 

All studies included in Kozlow's analysis had to meet 

the following ~riteria~ (a) the "control" group used in the 
I 

study could not be given some alternative preinstructional 

strategy such as an outline or overview of the to-be-learned 

material, (b) the "advance organizer'' used in the study was 

"intended'' to act as a subsumer for the to-be-learned 

material, and (c) the primary format of the advance 

organizer used in the study was a written one. 

Kozlow determined that advance organizers tend to show 

greater facilitative effects as the grade level/age of the 

subjects increase. The decline in significant results from 

early studies to the later studies described by Barnes and 

Clawson (1975) can be partially explained since more early 

studies used college students as subjects and the later 

studies generally used middle or high school students. 

Kozlow's conclusion that organizers can be effective 

instructional tools is based on the research findings that 
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"twenty-two of the positive t-statistics were statistically 

significant while none of the twenty-nine negative t

statistics were significant" (p. 3). 

Since Kozlow limited the studies he considered to only 

those using a control group, he may have biased his review 

in favor of advance organizers. This may explain why his 

findings are substantially different from those of other 

studies. However, some of the conclusions drawn from 

Kozlow's (1978) findings are significant, such as: (a) 

comparative organizers facilitate greater positive learning 

effects than do expository organizers, and (b) treatment by 

ability show high ability groups excel when: (1) higher 

level questions appear with greater frequency in achievement 

tests, (2) the advance organizer is either longer or more 

complex, and (3) the material to be learned deals with a 

classificational concept. This meta-analysis by Kozlow 

gives reassuring support, albeit fragmentary and intomplete, 

to the intuitive confidence that educators place in the idea 

of advance organizers. 

May~r. 

The final major review of advance organizer research 

that will be considered in this section is that of Mayer 

(1979). The purpose of Mayer's review was to e~amine 

advance organizer research conducted since 1960 to ascertain 

whether the results were consistent with assimulation 
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theory. He examined 44 papers which: (a) had been 

published in a journal or book, (b) contained an advance 

organizer group and control group or advance organizer group 

and post organizer group, and (c) gave at least a verbal 

description of their data. 

Contrary to earlier conclusions based on more limited 

data, Mayer's (1979) review allows the following 

conclusion: Twenty years of research on advance organizers 

has clearly shown that advance organizers can affect 

learning, and the conditions under which organizers are most 

likely to affect learning can be specified. The review 

suggests conditions for the use of advance organizers as: 

(a) advance organizers have a stronger effect for poorly 

organized text than for well organized text, (b) advance 

organizers have a stronger positive effect for learners 

lacking prerequisite knowledge and abilities, and (c) 

advance organizers have a strong affect on measures of 

transfer. 

In summary, studies involving advance organizers have 

resulted in inconclusive results as to their effect on both 

learning and retention. In a review of research, Barnes and 

Clawson (1975) concluded that advance organizers generally 

do not facilitate learning. However, Lawton and Wanska 

(1977) suggest that organizers show promise, although studies 

conducted thus far have not established that this is the 

case primarily because of the difficulty of arriving at an 



71 

operational definition of an advance organizer. More recent 

findings have shown that advance organizers do enhance not 

only learning and retention, but also transfer _~uite~-'

Ame~_, __ and Akerson, 1979, 1980; Kozlow, 1978; Mayer 1979). 

Need for Further Research 

Many investigators have approached the subject of 

advance organizers with varying degrees of success and 

widely differing results. There are even differing opinions 

as how those results should be interpreted. Do advance 

organizers facilitate learning and retention? To date, this 

body of work has failed to provide an answer to this 

question. It is possible that the answer is cloaked in two 

areas, one theoretical and the other methodological. 

David Ausubel conceived and developed the theoretical 

basis of advance organizers. He has stated that they should 

be written at a higher level of abstraction, generality, and 

inclusiveness than the learning materials to which they are 

associated; however, he has never provided an operational 

definition to aid in their construction. How does an 

investigator recognize or create an advance organizer? 

There is no agreement on a definitive test for an advance 

organizer; in other words, each researcher is left to 

construct an organizer which is consistent with his own 

particular interpretation. Therefore, the resulting body of 

research literature contains many instructional aids known 
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as "advance organizers", but do they meet the requirements 

of an advance organizer? Should not the researcher outline 

the procedures used to produce his advance organizer? 

Who can benefit from . advan_c _~ or: _g? _nt~ .~r~;;?_ The evidence 
- - ----·---"•''--.. ~- ---"-•"" ~ "•'"A '~· ••* ~ - • 

supports the premise that older students, especially college 

students, are the most likely beneficiaries of advance 

organizers. If this group is to receive the greatest 

benefits, should not the experimental work be directed their 

way? 

A considerable number of studies were carried out under 

laboratory conditions and were not part of a course for 

which students receive academic credit or part of a course 

of instruction essential to their chosen careers. As such, 

the motivational factors operative in a true instructional 

situation were not present and the external validity o5 the 

results is questionable. 

Even fewer investigators have looked at the long-term 

effects of organizers. The majority of studies have lasted 

less than three weeks making the measurement of the effects 

of retention of little value. Furthermore, many studies 

have used isolated or esoteric subject matter. Again, the 

motivational factors associated with need-to-know materials 

are not present as they would be if the studies were 

conducted using subject matter essential to a given career 

goal or qualification. 

Given the limitations on the present body of existing 
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data, research needs in the area are clear. First, there is 

a need for a well documented guideline for the construct~on. 

of advance organizers. Before a meaningful research study 

can proceed, operational definitions must be developed, they 

must be agreed upon by those who use them, and they must be 

used consistently before any comparisons of advance 

organizer effects can be determined. 

Secondly, the use of an advance organizer that is 

general, abstract, and inclusive almost dictates that it is 

going to be more beneficial to the students involved in more 

advanced educational pursuits as opposed to those in the 

beginning school years or those with emotional or mental 

problems which create a handicap to their use of the advance 

organizer. 

Thirdly, the studies should be conducted under 

classroom conditions using subject matter that is part of 

the degree or certificate achieving curriculum. This would 

allow for a more meaningful evaluation of the long-term 

effects of organizers, especially if the subjects are 

required to continue their education with a series of 

courses involving a single discipline. More importantly, 

research data must be gathered under classroom conditions if 

it is to have external validity. 

Fourthly, the studies should be designed so that the 

exposure time to the critical aspects of the learning 

materials is equal for both the experimental and control 
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groups. Studies which fail to consider this factor are 

subject to type I error and contain a serious bias. 

Finally, the studies should extend their time frame for 

the measurement of retention of learned materials. In a 

course of study or a career involving a requirement to 

retain information accurately for extended periods of time, 

a measurement of retention of a few hours or only several 

days falls short of a true indicator of the delayed 

retention aspect of the advance organizer. 

Summary 

This chapter has presented the theoretical background 

of Ausubel's advance organizer and explained the ever 

increasing body of literature which related to its 

effectiveness. It has presented an ~valuation of that body 

of data in specific time periods and as a whole. It has 

presented the present status of knowledge in the area 

through contemporary studies and through reviews which 

provide an overview of advance organizer investigations. 

Finally, it has made recommendations as to the five areas_ 

where the present body of data is either weak or deficient. 

This investigation addresses each of those areas. 

Chapter III describes the experimental and operational 

definitions developed for this study. Research hypotheses 

and the analytical model are presented. 



CHAPTER III 

PROCEDURES AND DESIGN 

The Problem 

This study was designed to determine whether utilizing 

verbal_!:lAYa.nc.e qrg&~izers will serve the same function in 
-~--- ·------

the t each in g o f a e ron a u t i c a 1 s c i en c e a s g r a ph i _~ __ __ (i d v a n c e 

or~_a_g_! _?=__ers when measured by achievement tests on an 

aeronautical concept. Secondly, the study was undertaken to 

determine whether learners attain and retain concepts with 

less difficulty through the use of verbal or graphic 

advance organizers as measured by achievement tests on an 

aeronautical concept. Thirdly, the study investigated the 

effectiveness of advance organizers, as measured by 

achievement tests on an aeronautical concept, across the 

selected learner variable of Cumulative Grade Point Average. 

Description of the Area 

The study was conducted at the Daytona Beach, Florida, 

campus of Embry-Riddle Aeronautical University with a 

population of approximately 5000 students. Embry-Riddle 

Aeronautical University is in many ways a unique teaching 

75 
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institution as it is the only independent, not-for-profit, 

accredited, totally aviation oriented university in the 

world. It is dedicated to professionalism in aviation and 

is committed to preparing its students for academic and 

professional excellence leading to entry-level positions in 

the aviation industry. Embry-Riddle operates under a 

single-university, multiple-campus concept with academic 

operations at Daytona Beach, Florida; Prescott, Arizona; and 

the International Campus, which operates a network of 

resident centers and other continuing education programs 

throughout the world. 

The Daytona Beach campus was chosen for this study 

because the investigator was associated with the 

institution, teaching faculty, and administration. 

Cooperation with the researcher's study was readily granted, 

and a sample of students was available for the experimental 

treatment. The student population of the Daytona Beach 

campus was stratified into 4139 United States and 364 

foreign students. The U.S. students enrolled during the 

Fall 1985 term were from all 50 states plus the District of 

Columbia and Puerto Rico. The foreign students were from 65 

different countries. The study was conducted using a sample 

of the aeronautical science student body which was a 

reflection of the total campus population. 
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Description of the Sample 

At Embry-Riddle Aeronautical University, there were 126 

students who completed the three semester hour course, AS 

311, Aircraft Turbine Engine Theory, during the Spring 1985 

trimester. The sample encompassed the total number of 

students completing the course. It was also a large enough 

sample to increase the overall probability of attaining 

significance. The course was chosen because the subject-

matter taught principles of aerodynamics, thermodynamics, 

vector analysis, thrust, and supersonic flight -- lends 

itself readily to the advance organizer study on learning 

and retention due to the large content of highly technical 

information which the student must master. Four intact 

class sections of the course were used as experimental 

subjects for comparison and evaluation. The subjects in 

each of the four class sections were randomly assigned to 

receive a verbal, graphic, or control treatment. The 

randomization was accomplished within CGPA stratification. 

Each student's CGPA was placed with his student number 

into a bank with the highest CGPA first and proceeding to 

the lowest CGPA last. A list of random numbers was 

generated through a computer program (IBM) random number 

generator. The print-outs were scanned for numbers one 

(verbal), two (graphic), or three (control) to determine 

which treatment would be assigned first, second, and third 

to the stratified CGPA list. The first number arrived at 
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was assigned the graphic treatment; the second number was 

assigned the control treatment; and the third number was 

assigned to the verbal group. Beginning with the highest 

CGPA and using the random sequence of graphic, control, and 

verbal, all subjects were randomly assigned to a treatment 

group irrespective of their assigned class section. This 

type of randomization was conducted to insure that the CGPA 

was uniformly distributed in the treatment groups and that 

six equal cells of 21 students each were formed. 

One hundred thirty two students enrolled in the four 

sections of AS 311, Aircraft Turbine Engine Theory; 

however, only 126 completed the course and provided the data 

needed for the study. The six students not used were 

eliminated in the first week of the classes and prior to the 

beginning of the experiment. 

The intact class sections and enrollments were 

finalized as follows: 

Section 01, enrolled 32, completed 30 

Section 02, enrolled 33, completed 33 

Section 03, enrolled 32, completed 30 

Section 04, enrolled 35, completed 33 

Totals 132 126 

The randomizing process minimized any bias that might 

be introduced by the four instructors during the conduct of 

the learning phase of the experiment. With approximately 

equal numbers of students randomly assigned to verbal, 
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graphic, and control groups within each intact class 

section, the impact of the possible bias is evenly 

distributed among the three treatment groups. 

The CGPA's of all subjects were provided by the Office 

of the Registrar with the stipulation that the names of the 

individual students associated with the data not be 

published. All students were classified as juniors or 

seniors and had completed a minimum of 58 semester hours on 

which to base their CGPA's. The range of student hours 

varied from 58 to 88 hours. All students met the 

prerequisite requirements of the Aircraft Turbine Engine 

Theory course which include physics, calculus, and basic 

aerodynamics. 

The mean CGPA for all subjects was calculated and that 

mean used to divide the student groups into the high and 

low CGPA levels. The mean CGPA for all subjects was 

2.7697. The mean CGPA for the groups receiving the verbal 

advance organizer was 2.7517; the mean CGPA of those using 

the graphic advance organizer was 2.7883; and those who 

served as the control had a mean CGPA of 2.7690. The groups 

were treated in the following manner: 

HIGH 21 VERBAL ADVANCE ORGANIZER 42 
LOW 21 

HIGH 21 GRAPHIC ADVANCE ORGANIZER 42 
LOW 21 

HIGH 21 CONTROL 42 
LOW 21 
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All subjects were given a pretest to further determine 

equivalency of treatment groups. The mean pretest scores 

for all subjects was 21.96. The mean for the verbal group 

was 21.81; the graphic mean was 21.67; and the control was 

22.40. Questions chosen for the pretest were randomly 

selected from a common test bank compiled by an instructor 

assigned as the Turbine Engine Course Monitor. Questions in 

the common test bank were related to the entire course 

content and not specific material to be used for the 

experiment. Pretest treatment interaction was minimized 

because students were aware of course content through 

student advertisement, catalog descriptions, course 

textbooks, course introduction procedures, and peer 

conversations. 

Testing--Treatment 

The 126 students involved in the study were identified 

by student number and randomly assigned to one of three 

experimental groups within each intact section during the 

fifth week of the trimester. The experimental treatment was 

administered at the beginning of the sixth week of the 14 

week course. The researcher met with each of the four class 

sections and conducted the administration of the advance 

organizer phase of the experiment. The first group read a 

verbal advance organizer (see Appendix A); the second group 

examined a graphic advance organizer (see Appendix B); and 
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the third (control) group received a placebo (a passage that 

contained no organizing concept)(see Appendix C). The 

advance organizer groups were presented with material that 

elucidated the concept "The Bernoulli Principle of 

Conservation of Energy in a Moving Fluid." The control 

group received material about the three Swiss physicists and 

mathematicians, Jacob, John, and Daniel Bernoulli and 

historical data concerning their works. All groups within a 

class section received their documents at the same time and 

by name. All subjects were instructed to read the cover 

sheet; read the contents of their individual package twice, 

and use any remaining time to study the concept. All 

students were given the same time frame (20 minutes) to read 

and study the advance organizer or the placebo. At the 

conclusion of the allotted time, the subjects were asked to 

confirm that they had carefully and thoughtfully read the 

material two times and had attempted to understand and 

retain its contents to the best of their ability in the time 

allotted. The advance organizer and placebo materials were 

collected from the individual subjects. All students 

complied with the request to sign the confirmation. 

Immediately after the advance organizer was presented, 

the subjects began a six hour block of instruction "Aircraft 

Turbine Engine Compressor Theory" (see Appendix D). 

Following the two week block of instruction, the learning 

. test was administered to each intact class section (see 
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Appendix E). Seven weeks following the learning testt an 

unannounced delayed retention test was administered to each 

intact class section (see Appendix F). 

Content validity of the pretestt advance organizers, 

lesson plan, learning materials, learning test, and delayed 

retention test was determined by a panel of experts (see 

Appendix G). To determine reliability, a computer generated 

item analysis was used from a library program available at 

the Embry-Riddle Computer Center. 

Statistical Procedures 

All data were analyzed for differences among the three 

groups by use of an Analysis of Variance (ANOVA) technique 

(Glass and Stanley, 1970). The decision to use the ANOVA 

was based on the large number of groups and comparisons to 

be made for the study. ANOVA was considered to be the most 

efficient test for detecting the presence of significant 

differences. The computerized statistical program used to 

produce the ANOVA data was the BSTAT software and data file 

package (McNichols, 1984). 

Experimental Design 

The experimental design used in this investigation was 

the Post-test Control Group Design as suggested by Campbell 

and Stanley (1963). While this design was first used as 

long ago as the 1920's, it has often been recommended in 
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current methodological texts in education. The assignment 

of the treatment (X) (verbal, graphic, or control) to the 

subjects within each intact class section was random. 

Design: 

R 

R 

R 

R 

Xl 
X2 
X 

Xl 
X2 
X 

Xl 
X2 
X 

Xl 
X2 
X . 

01 02 

01 02 

01 02 

01 02 

R --Randomization of intact class sections 

XI--Treatment Group (verbal) 

X2--Treatment Group (graphic) 

X --Control Group 

01--Treatment observation (learning) 

02--Treatment observation (delayed retention) 

The design was used to control for history, maturat!g~, 

testing, instrumentation decay, statistical regression, 

selection of subjects, and mortality. By controlling these 

factors, a high degree of internal validity can be attained 

since all groups experience these effects. Mortality was 

further controlled by measuring the equivalency of the 

groups after the class ''drop" period; selection interaction 
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was minimized since students taking the course were drawn 

from the same university population; and statistical 

regression reduced because students were placed in groups 

within intact class sections; therefore, neither matching 

nor selection on the basis of extreme scores was used. 

Physical differences in the environment were controlled to 

minimize threats to experimental validity. The same 

classroom was used but at different times. Two classes were 

taught during the morning session and two in the afternoon 

session. Identical testing and test administration 

procedures were used for all four class sections during the 

experiment. The researcher administered the treatment, 

learning test, and delayed retention test to all four 

sections. 

Intact class sections were used in the experiment to 

investigate the "real life'' classroom use of advance 

organizers. Each of the four class sections was taught by a 

different instructor who had previously taught the course, 

Aircraft Turbine Engine Theory. Four class sections of 

approximately 30 students each were randomized into verbal, 

graphic, or control groups within each section. The 

experimental design randomization within each class section 

minimized instructor bias by assuring that individual 

instructor teaching styles, presentation techniques, and 

classroom procedures would have equal impact on all three 

treatment groups. Consequently, the performance of an 
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outstanding instructor or a poor instructor would be 

neutralized across treatment groups since all groups are 

equally represented in each class section. 

Test Design and Development 

The learning test and the delayed retention test used 

in this study were designed as objective, four-option 

multiple choice tests with separate answer sheets. The 

learning test was administered immediately following the six 

hour block of instruction, Aircraft Turbine Engine Compressor 

Theory, and the delayed retention test was administered 

during the fourteenth week of the course. 

The researcher selected test items from a test bank 

compiled by the course monitor of AS 311, Aircraft Turbine 

Engine Theory. In addition, a panel of university teachers 

analyzed the lesson plan, text, and associated materials 

then constructed additional related questions. These 

questions were revised by this and incorporated into the 

tests. The additional test items selected increased the 

probability for validity and reliability of the test 

instrument. 

All items were then analyzed by a panel of university 

teachers (see Appendix H) for content validity by matching 

each item with the concepts to be taught during the 

instructional phase of the study. A learning test of 23 

items and a delayed retention test of an equal number of 
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items evolved from the procedure. 

A pilot study was conducted at Embry-Riddle 

Aeronautical University during the Summer 1984 trimester, 

and item analyses were determined. Results of the analysis 

of the learning test appear in Appendix I and the results of 

the delayed retention test in Appendix J. The item analyses 

were then examined to determine which items were most 

applicable and also to determine those items which needed 

revision or elimination. Three questions were eliminated 

from each test (see Appendix I and Appendix J) to produce 

the final study tests of 20 items each. 

The reliability of the instruments was measured by the 

Point Biserial Correlation Coefficient based on the item 

analysis obtained on a single trial of the tests. The 

learning test on the whole was found to have a reliability 

of 0.732 and the delayed retention a reliability of 0.722. 

Both exhibit a sufficiently high level of internal 

consistency. (See Appendix I for learning test pilot study 

item analysis and Appendix J for retention test item 

analysis.) (See Appendix L for final study item analysis and 

summary statistics for the learning test and Appendix M for 

final study and summary statistics for the delayed retention 

test.) 

The validity of the tests was based upon content 

validity derived from logical analysis (previously 

described) by a panel of university teachers. Panel members 
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compared the test content of the learning achievement test 

and the delayed retentiDn test with the instructional 

objectives of the lesson plan. 

Development of Instructional Materials 

A 900 word verbal advance organizer and a graphic 

advance organizer were developed by the researcher as 

treatment instruments for the experimental groups. 

Characteristics of these advance organizers were based upon 

the following criteria: 

1. A short set (approximately 700-900 words) of verbal 

or visual information. 

2. Adequate to be presented prior to a large body of 

information to be learned. 

3. Contained _ no specific or factual content to the 

to-be-learned information. 

4. Showed a relationship among the elements of the 

to-be-learned information. 

5. Should influence learners' encoding processes 

for the new material. 

6. Allowed the learner to relate unfamiliar material 

to familiar material. 

7. Learner should easily acquire the organizer 

information. 

8. Written at a ~igher level of general~ty (as opposed 

to specific or factual data) than the to-be-
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learned material. 

9. Written at a higher level of abstraction (as 

opposed to concrete) than the to-be-learned 

material. 

10. Written at a higher level of inclusiveness (as 

opposed to exclusiveness) than the to-be-

learned material. 

11. Organizer was comparative in nature to the 

to-be-learned material. 

12. Used terminology familiar to the learner. 

Authenticity of the advance organizers was verified by 
J 

a panel of university teachers who w~e familiar with 

A~subelian . learning -2heories. Each panel member received a 

checklist to aid in the evaluation of ~he organizer, ''The 

Bernoulli Principle of Consefvation of · Energy in a Moving 

Fluid." The checklist was used to evaluate the verbal and 

graphic advance organizer (see Appendix H). The panel was 

also asked to read the 700 word placebo developed for the 

control group to insure that it contained no organizing 

concepts. The changes agreed upon by the panel were 

incorporated by the researcher into the final verbal and 

graphic advance organizers and into the placebo. 

Data Collection and Treatment 

Prior to the treatment, it was necessary to obtain 

information concerning the student variable of Cumulative 
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Grade Point Average (CGPA). The Office of the Registrar 

provided CGPA data for all students enrolled in the four 

experimental sections with the stipulation that the names of 

the students not be published in conjunction with their 

CGPA's (see Appendix K). All CGPA's were based on a minimum 

of 58 hours of college level work successfully completed. 

The range of hours completed varied from 58 to 88 hours. 

These CGPA scores were used to determine if there was any 

interaction between the student variable of CGPA and the use 

of the written or graphic advance organizer. 

All instruments used in the study were objective type, 

pencil and paper tests intended to be used with a separate 

answer sheet. A standardized machine-graded answer sheet 

(Scan-Tron form 2052) supplied by the university was used in 

all tests. 

Student responses in the learning and delayed retention 

tests were machine-graded and analyzed using computer 

programs supplied by the Computer Department of Embry-Riddle 

Aeronautical University. The test analyses were done via a 

computer program designed to yield summary statistics, item 

analysis, listing of students' numbers with scores, and a 

distribution of scores. An Analysis of Variance (ANOVA) 

computer program designed to analyze interaction of scores 

and tests for significance was used for the final analysis. 
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Results of Incoming Behavior 

Prior to the beginning of the instructional phase of 

the study, it was necessary to establish that treatment 

groups were comparable across the CGPA scores. The mean 

and standard deviation of each treatment group appear in 

Table 1. The subjects had previously been randomly assigned 

to treatment groups within each intact class section. 

Table 1. Summary Statistics--Mean and Standard 
Deviation for CGPA Scores in Each 
Treatment Group 

Treatment Mean Standard Deviation 

Verbal 2.7517 0.5167 

Graphic 2.7883 0.5257 

Control 2.7690 0.5157 

Analysis of the means and standard deviations of 

verbal, graphic, and control groups reveal little departure 

from the norms of each of the groups. It was hypothesized 

that the means and standard deviations of each of the groups 

revealed no significant differences in CGPA scores. To 

test this hypothesis, a one-way Analysis of Variance (ANOVA) 

for CGPA scores across treatment groups was undertaken with 

the results listed in Table 2. The computed F-value of 

0.0527 compared to the critical F-value of 2 and 123 degrees 

of freedom of 3.07 was not significant; therefore, the 
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assumption that the groups were equal in CGPA was accepted 

as valid. 

Table 2. One-Way Analysis of Variance for CGPA Scores 
Across Treatment Groups 

Degrees of Sums of Mean 
Source Freedom Squares Squares F 

Among Treatment 2 0.0284 0.0142 0.0527* 

Within Treatment 123 33.1846 0.2698 

Total 125 

F(2,123) = 3.07 
N = 126 

* Do not reject hypothesis. F-value is not significant 
at .05 level. 

Subjective Treatment 

In order to establish if previous aviation technology 

experience influenced the subject's ability to achieve 

higher scores on the learning test and delayed retention 

test, each student was given a pretest. The 50 question 

test was general in nature and covered the full spectrum of 

the Aircraft Turbine Engine Theory course, with the 

exception of mathematical calculations. The test was 

administered during the first week of the course as an 

unannounced exercise and was used to further verify the 

equality of the treatment groups. It was hypothesized that 

the means and standard deviations of each group revealed no 
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significant differences in pretest scores. The means and 

standard deviations of each appear in Table 3. 

Table 3. Summary Statistics--Mean and Standard 
Deviation for Pretest Scores in Each 
Treatment Group 

Treatment Mean Standard Deviation 

Verbal 21.8095 5.3749 

Graphic 21.6667 5.9003 

Control 21.4048 5.2035 

To test the hypothesis, a one-way Analysis of Variance 

(ANOVA) for pretest scores across treatment groups was 

undertaken (see Table 4). 

Table 4. One-Way Analysis of Variance for Pretest 
Scores Across Treatment Groups 

Degrees of Sums of Mean 
Source Freedom Squares Squares F 

Among Treatment 2 12.8711 6.4335 0.2126* 

Within Treatment 123 3721.9300 30.2596 

Total 125 

F(2,123) = 3.07 
N 126 

* Do not reject hypothesis. F-value is not significant 
at .05 level. 
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The computed F-value was 0.2126, and the critical 

F-value for 2 and 123 degrees of freedom was 3.07. The 

assumption that the groups were equal in pretest scores 

was not rejected at the .05 level of significance. 

Summary 

The research design consisted of three treatment 

groups: (a) verbal advance organizer, (b) graphic advance 

organizer, and (c) control. The experimental groups used 

the designated advance organizer prior to receiving a six 

hour block of instruction, and the control group used a 

placebo prior to the same instruction. 

The study consisted of an advance organizer-instruction

learning test-retention test sequence involving four intact 

class sections. Each class consisted of subjects randomly 

assigned to each of the three treatments, and was taught by 

a different university instructor. The experiment involved 

nine weeks of a 14 week trimester. 

The instruments used to measure learning achievement 

and delayed retention were designed and developed by the 

investigator. Content validity and reliability were 

determined by a panel of university experts, a pilot study 

on each instrument, and rigorous test construction 

techniques. 



CHAPTER IV 

PRESENTATION AND ANALYSIS OF FINDINGS 

Introduction 

This chapter presents an analysis of the data used to 

test the hypotheses as they were listed in Chapter I. Each 

of the analyses was presented in a table format that shows 

the results of the Analysis of Variance (ANOVA). A 

correlation analysis of learning achievement and delayed 

retention test scores across high and low treatment groups 

was also presented. 

Presentation of Experimental Findings 

The eight experimental hypotheses consisting of one 

major and seven sub-hypotheses were all stated as no 

significant differences either in learning achievement or 

delayed retention between the two treatment groups and one 

control group or between the two treatment groups. All 

hypotheses involved the learning achievement test scores or 

delayed retention test scores of all subjects in the study. 

(See Tables 20 and 21, for item analysis data.) 

Each of the experimental hypotheses was presented in 

94 
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this section followed in order by the presentation of the 

data and the decision to reject or not to reject the null 

hypothesis. All decisions to reject or not reject the null 

hypothesis were based upon whether or not the computed 

£-value was statistically significant at the .05 level of 

confidence which according to Ferguson (1981), to adopt the 

five percent or one percent level of confidence is common 

convention for educational research. 

A correlation analysis of learning achievement test 

scores versus delayed retention test scores was presented in 

a summary format. The five percent level of confidence was 

used in the analysis. 

Hypotheses as Tested with Learning and Retention Test Data 

The major hypothesis (HO) of this study dealt with the 

differences in learning achievement test scores among the 

three treatment groups; verbal advance organizer, graphic 

advance organizer, and control. Table 5 shows the means of 

the verbal, graphic, and control groups on the learning 

achievement test and the results of the one-way analysis of 

variance on learning achievement test scores. The decision 

to reject the null hypothesis was based on the statistical 

significance demonstrated in Table 5. The computed F-value 

was 9.85, and the critical F-value was 3.07 for 2 and 123 

degrees of freedom. This was significant at the .05 level 

of· confidence. 
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Table 5. One-Way Analysis of Variance for Learning 
Achievement Scores 

Variable: Learning Test 
Treatments: Verbal, Graphic, and 
Means of Learning Test: Verbal 

Graphic 
Control 

Control 
17.71 
16.57 
15.69 

Analysis of Variance 

Degrees of Sums of Mean 
Source Freedom Squares Squares F 

Among Treatments 2 86.49 43.24 9.85* 

Within Treatments 123 539.84 4.49 

Total 125 626.33 

F(2,123) = 3.07 

N = 126 

* Decision: Reject the null hypothesis. F-value 
significant at the .OS level of confidence. 

The first sub-hypothesis involved a comparison of the 

retention of materials among the three treatment groups as 

demonstrated by the scores on a delayed retention test. 

Table 6 shows the results of a one-way analysis of variance 

on the delayed retention test scores. The decision to 

reject the null hypothesis was based on the statistical 

significance demonstrated in Table 6. The computed F-value 

was 16.20, and the critical F-value was 3.07 for 2 and 123 

degrees of freedom which was significant at the .OS level of 

confidence. 
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Table 6. One-Way Analysis of Variance for Delayed 
Retention Scores 

Variable: Retention Test 
Treatments: Verbal, Graphic, and 
Means of Retention Test: Verbal 

Graphic 
Control 

Control 
17.12 
16.52 
14.60 

Analysis of Variance 

Degrees of Sums of Mean 
Source Freedom Squares Squares F 

Among Treatments 2 146.21 73.10 16.20* 

Within Treatments 123 555.00 4.51 

Total 125 701.21 

F(2,123) 3.07 

N = 126 

* Decision: Reject the null hypothesis. F-value 
significant at the .05 level of confidence. 

The second sub-hypothesis involved a comparison of 

learning achievement between the two advance organizer 

treatment groups, verbal and graphic. Table 7 shows the 

analysis of variance on the learning achievement test 

scores. The decision to reject the null hypothesis was 

based on the statistical significance demonstrated in Table 

7. The computed F-value was 7.10, and the critical F-value 

was 3.96 for 1 and 82 degrees of freedom which was 

significant at the .05 level of confidence. 
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Table 7. One-Way Analysis of Variance for Learning 
Achievement Scores vs. Verbal and Graphic 
Treatment Groups 

Variable: Learning Test 
Treatments: Verbal and Graphic 
Means of Learning Test: Verbal 

Graphic 
17.71 
16.S7 

Analysis of Variance 

Degrees of Sums of Mean 
Source Freedom Squares Squares 

Among Treatments 1 27.43 27.43 

Within Treatments 82 316.86 3.86 

Total 83 344.29 

F(l ,82) 3.96 

N = 84 

* Decision: Reject the null hypothesis. F-value 
significant at the .OS level of confidence. 

F 

7.10* 

The third sub-hypothesis compared the delayed retention 

scores between the two advance organizer treatment groups, 

verbal and graphic. Table 8 shows the analysis of variance 

on the delayed retention test scores. The decision not to 

reject the null hypothesis was based on the lack of 

significance demonstrated in Table 8. The computed F-value 

was 2.22, and the critical F-value was 3.96 for 1 and 82 

degrees of freedom. This is not significant at the .OS 

level of confidence. 
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Table 8. One-Way Analysis of Variance for Delayed Retention 
Scores vs. Verbal and Graphic Treatment Groups 

Variable: Delayed Retention Test 
Treatments: Verbal and Graphic 
Means of Retention Test: Verbal 

Graphic 

Analysis of Variance 

Degrees of 
Source Freedom 

Sums of 
Squares 

17.12 
16.52 

Mean 
Squares F 

Among Treatments 1 7.44 7.44 2.22* 

Within Treatments 82 

Total 83 

274.88 

282.32 

3.35 

F(1,82) = 3.96 

N 84 

* Decision: Do not reject the null hypothesis. F-value 
not significant at the .OS level of confidence. 

The fourth sub-hypothesis involved a comparison of 

learning achievement scores between the high and low CGPA 

groups in the verbal and graphic advance organizer treatment 

groups. Table 9 shows the two-way analysis of variance on 

the learning achievement test scores. The decision to 

reject the null hypothesis was based on the statistical 

significance demonstrated in Table 9. The computed F-value 

was 15.53, and the critical F-value was 3.92 for 1 and 120 

degrees of freedom which is significant at the .OS level of 

confidence. 
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Table 9. Two-Way Analysis of Variance for Treatment vs. 
High and Low CGPA Groups Measured by a Learning 
Achievement Test 

Variable: Learning Test 
Treatment A: Verbal and Graphic 
Treatment B: High and Low CGPA 

Analysis of Variance 

Degrees of Sums of 
Source Freedom Squares 

Treatment 1 27.43 

Mean 
Squares F 

27.43 8.31 

High and Low CGPA 1 37.33 37.33 11.31* 

F(1,80) 3.96 
N = 84 

Interaction 
(Treatment X 

High/Low CGPA) 1 15.43 15.43 

F(1,80) = 3.96 
N = 84 

Error 80 264.10 3.30 

Total 83 344.29 

* Decision: Reject the null hypothesis. F-value 
significant at the .05 level of confidence. 

**Decision: Reject the null hypothesis. F-value 
significant at the .05 level of confidence. 

4.67** 
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The fifth sub-hypothesis dealt with the testing of 

interaction between the high and low CGPA groups in the 

verbal and graphic advance organizer treatment groups. 

Table 9 shows the two-way analysis of variance of the 

learning achievement test scores. The decision to reject 

the null hypothesis was based on the statistical 

significance demonstrated in Table 9. The computed F-value 

was 4.67, and the critical F-value was 3.96 for 1 and 80 

degrees of freedom. This is significant at the .OS level of 

confidence. 

The sixth sub-hypothesis involved a comparison of 

delayed retention test scores between the high and low CGPA 

groups in the verbal and graphic treatment groups. Table 10 

shows the two-way analysis of variance on the delayed 

retention test scores. The decision to reject the null 

hypothesis was based on the statistical significance 

demonstrated in Table 10. The computed F-value was 16.93, 

and the critical F-value was 3.96 for 1 and 80 degrees of 

freedom which exceeds the .05 level of confidence. 

The seventh sub-hypothesis dealt with the testing of 

interaction between high and low CGPA groups in the verbal 

and graphic advance organizer treatment groups. Table 10 

shows the two-way analysis of variance on the retention test 

scores. The decision not to reject the null hypothesis was 

based on the lack of statistical significance demonstrated 

in Table 10. The computed F-value was 1.54, an-d the critical 



102 

F-value was 3.96 for 1 and 80 degrees of freedom. This is 

not significant at the .05 level of confidence. 

Table 10. Two-Way Analysis of Variance for Treatment vs. 
High and Low CGPA Groups Measured by a Delayed 
Retention Test 

Variable: Retention Test 
Treatment A: Verbal and Graphic 
Treatment B: High and Low CGPA 

Analysis of Variance 

Degrees of Sums of 
Source Freedom Squares 

Treatment 1 7.44 

Mean 
Squares F 

7.44 2.66 

High and Low CGPA 1 47.25 47.25 16.93* 

F(l,80) = 3.96 
N = 84 

Interaction 
(Treatment X 

High/Low CGPA) 1 4.30 4.30 

F(l,80) = 3.96 
N = 84 

Error 80 223.33 2.79 

Total 83 282.32 

* Decision: Reject the null hypothesis. F-value 
significant at the .05 level of confidence. 

1.54** 

**Decision: Do not reject the null hypothesis. F-value 
not significant at the .05 level of confidence. 
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Correlation Between Learning and Retention Tests Scores 

A correlation analysis of learning achievement test 

scores versus delayed retention test scores for all high and 

low treatment groups tested the null hypothesis that the 

correlation between the learning scores and retention scores 

was zero. The data was based on the division of the 126 

students into six cells of 21 subjects each. Table 11 

exhibits the correlation, significance level, and the 

decision to reject or not reject the null hypothesis for 

each cell. The results were based on the calculation of the 

Pearson Product-moment Sample Correlation coefficient. The 

critical value of the correlation coefficient was 0.433. 

The decision whether or not to reject the null hypotheses 

was based on statistical significance of the computed 

correlation coefficient at the .OS level of confidence. Of 

the six treatment cells, only the graphic-low CGPA cell 

could not be rejected as having a correlation between the 

learning and retention test scores of zero. All other 

cells, verbal-high CGPA, verbal-low CGPA, graphic-high CGPA, 

control-high CGPA, and control-low CGPA were statistically 

rejected at the .OS level of significance. 

An analysis of the means of the learning achievement 

test and the delayed retention test scores of each of the 

six experimental cell groups reveals characteristics of each 

individual cell group with respect to changes in scores 

bas€d on the two 20-point tests. Further analysis indicates 
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Table 11. Correlation Analysis of Learning Test Scores vs. 
Retention Test Scores for High and Low Treatment 
Groups 

Source Correlation 

Verbal-High +.545 

Verbal-Low +.470 

Graphic-High +.728 

Graphic-Low +.345 

Control-High +.631 

Control-Low +. 712 

Degrees of Freedom = 19 

Significance 
Level 

0.01 

0.03 

o.oo 

0 .12* 

0.00 

0.00 

Decision 

Reject the null 
hypothesis 

Reject the null 
hypothesis 

Reject the null 
hypothesis 

Do not 
reject the null 

hypothesis 

Reject the null 
hypothesis 

Reject the null 
hypothesis 

Critical Value of Correlation Coefficient = .433 

Sample = 21 

Correlation--Pearson Product-moment Sample Correlation 
Coefficient 

Significance Level--Smallest significance level at which 
null hypothesis that the correlation 
is zero can be rejected in favor of 
alternate hypothesis that it is not 
zero 

* Decision: Do not reject the null hypothesis. 
Critical value not significant at the .95 level of 
confidence. 
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that there were more significant differences among the cell 

groups. The means of the learning achievement and delayed 

retention test scores of each of the six experimental cell 

groups was presented in Table 12. 

Table 12. Means of Learning Achievement and Delayed 
Retention Test Scores for Six Experimental 
Cell Groups 

Learning Delayed 
Cell Achievement Retention 

Verbal-High 17.95 18.10 

Verbal-Low 17.48 16. 14 

Graphic-High 17.67 17.05 

Graphic-Low 15.48 16.00 

Control-High 16.43 15.76 

Control-Low 14.95 13.43 

Analysis of means revealed that the learning and 

retention test scores remained high and virtually unchanged 

(0.75%) for the verbal-high group (17.95 to 18.10) on the 

20-point tests. The verbal-low group lost 1.34 points 

(6.7%) between learning and retention (17.48 to 16.14). The 

graphic-high group lost only a little over one half of a 

point (3.1%) of the learned material (17.67 to 17.05). The 

graphic-low group increased retention (15.48 to 16.00) over 

the learned material by about one half point (2.6%). The 

control-high decreased in retention (16.43 to 15.76) 
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compared to learning by 0.67 of a point (3.4%), while the 

control-low group decreased (7.6%) the most by 1.52 points 

(14.95 to 13.42). The learning test results indicate a 

tendency for the high CGPA groups to score high and the low 

CGPA groups to score low with respect to their treatment. 

The verbal groups, control groups, and graphic-high group 

retain this characteristic on the retention test scores. 

The data tends to indicate that not only does the graphic

low group retain its level of learned material but tends to 

improve its score on the retention test over the learning 

test. 

Summary of Experimental Findings 

The results of the analysis of variance for the one 

major and seven sub-hypotheses indicated that only sub

hypothesis three (H3), which dealt with retention of 

material between groups that had a different type of advance 

organizer, and sub-hypothesis seven (H7), which dealt with 

interaction between high and low Cumulative Grade Point 

Average (CGPA) groups that had a different type of advance 

organizer were not significant. 

Tables 5 through 10 indicated the evidence for rejection 

or non-rejection of the null hypotheses. The tables for the 

major and all sub-hypotheses were produced by means of an 

analysis of variance of learning and retention test scores 

for all subjects used in the study. Table 11 displayed a 
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summary of the correlation results of learning versus 

retention test scores of each treatment cell. The means of 

learning achievement and delayed retention test scores for 

six experimental cell groups was shown in Table 12. A 

summary of the analysis of variance results for one major 

and seven sub-hypotheses was displayed in Table 13. A 

summary of personal data for all treatment groups appears in 

Appendix K, page 184. 

In conclusion, the analysis shows that the F-values for 

sub-hypotheses three and seven were not sufficient to 

warrant rejection. The major and sub-hypotheses one, two, 

four, five, and six can be rejected on the basis of the 

computed F-values. 
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Table 13. Summary of Analysis of Variance Results for One 
Major and Seven Sub-Hypotheses 

Critical Computed 
Null Hypotheses F-Value F-Value Decision 

Major hypothesis (HO) 3.07 9.85 Reject the null 
hypothesis 

Sub-hypothesis (H1) 3.07 16.20 Reject the null 
hypothes i s 

Sub-hypothesis (H2) 3.96 7.10 Reject the null 
hypothesis 

Sub-hypothesis (H3) 3.96 2.22 Do not 
reject the null 

hypothesis 

Sub-hypothesis (H4) 3.96 11.31 Reject the null 
hypothesis 

Sub-hypothesis (HS) 3.96 4.67 Reject the null 
hypothesis 

Sub-hypothesis (H6) 3.96 16.93 Reject the null 
hypothesis 

Sub-hypothesis (H7) 3.96 1. 54 Do not 
reject the null 

hypothesis 



CHAPTER V 

CONCLUSIONS, IMPLICATIONS, AND RECOMMENDATIONS 

Introduction 

The primary purpose of this study was to investigate 

the effects that two types of advance organizers had on the 

learning and retention of an aeronautical concept in an 

undergraduate aeronautical science course. The measurement 

instruments used in were a learning achievement test and a 

delayed retention test. The verbal and graphic advance 

organizers were two totally different modes of "The 

Bernoulli Principle of Energy Conservation in a Moving 

Fluid." The aeronautical concept to be learned was 

"Aircraft Turbine Engine Compressor Theory." 

The sample of 126 subjects selected for experimental 

use consisted of all students enrolled in the Aircraft 

Turbine Engine Theory course at Embry-Riddle Aeronautical 

University, Daytona Beach, Florida. The students were 

registered for one of four class sections and became part of 

the study by virtue of having elected to take the course in 

the given trimester. Each of the four intact class sections 

was taught by a different instructor. 
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Three treatment groups were established: (1) verbal 

advance organizer group, (2) graphic advance organizer 

group, and (3) control group and were assigned by random 

means to groups within intact class sections. Each group 

was comparable on the basis of CGPA and pretest scores. To 

provide equal numbers within each cell of the design, 

subjects were randomly assigned to experimental or control 

groups. This included 42 students each in the two 

experimental and one control group. 

The learning test and the delayed retention test were 

objective, four-option multiple choice instruments designed 

by the researcher and analyzed by a panel of university 

teachers for content validity. The revised test instruments 

were used in a pilot study to test reliability using item 

analysis procedures. 

The verbal and graphic advance organizers were 

designed by the researcher as treatment instruments. The 

authenticity of the advance organizers was verified by a 

panel of university teachers familiar with Ausubelian 

learning theories. The panel also reviewed the placebo to 

insure that it contained no organizing concepts. 

Conclusions--Major Hypothesis 

The major null hypothesis of this investigation was 

that there was no significant difference in learning 

achievement between groups which received the advance 
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organizer treatment and those that received no treatment as 

measured by a learning achievement test on an aeronautical 

concept. 

Analysis of the learning achievement test scores data 

(as shown in Table 5, page 96) indicated that there was a 

significant difference among and within treatment groups. 

The verbal mean exceeded the control mean by 2.02 points 

(10.1%) and the graphic mean exceeded the control mean by 

0.88 points (4.4%). This would tend to confirm that advance 

organizers do affect the learning achievement, and that 

learning achievement is significantly different among groups 

whether the treatment is verbal, graphic, or control. 

Conclusions--Sub-Hypotheses 

The seven sub-hypotheses pertained to comparisons and 

interactions of the student variables of CGPA--high and low, 

learning achievement, and delayed retention across all 

treatment groups. Sub-hypothesis one (H1) compared delayed 

retention across all treatment groups. Sub-hypothesis two 

(H2) and three (H3) involved the two advance organizers, 

verbal and graphic, across learning achievement and delayed 

retention respectively. 

Sub-hypotheses four (H4) and five (HS) dealt with the 

differences in learning achievement and the phenomena of 

interaction between high and low CGPA groups and advance 

organizer treatment groups based on learning achievement 
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test scores. The format for investigation was a two-way 

analysis of variance. 

Finally, sub-hypotheses six (H6) and seven (H7) dealt 

with the differences in retention and the phenomena of 

interaction between high and low CGPA and advance organizer 

treatment groups as tested with delayed retention test 

scores. The same format for inve~tigation was followed as 

that in four (H4) and five (HS). 

The first sub-hypothesis (Hl) was that there is no 

significant difference in retention of material between 

groups which receive the advance organizer treatment and 

those that receive no treatment as measured by a delayed 

retention test on an aeronautical concept. 

A one-way analysis of variance of the delayed retention 

scores data (as shown in Table 6, page 97) ·indicated that 

there was a significant difference among and within 

treatment groups. The verbal mean exceeded the control mean 

by 2.52 points (12.6%), and the graphic mean exceeded the 

control mean by 1.93 points (9.6%). This would tend to 

confirm that advance organizers affect the retention of 

material, and that retention is significantly different 

whether the treatment is verbal or graphic. 

The second sub-hypothesis (H2) was that there is no 

significant difference in learning achievement among groups 

which differ in the type of advance organizer received, 

whether verbal or graphic, as measured by a learning 
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achievement test on an aeronautical concept. 

Learning achievement scores analysis data (as shown on 

Table 7, page 98) revealed that there was a significant 

difference between the two modes of presentation of the 

advance organizer. The verbal mean exceeded the graphic 

mean by 1.14 points or 5.7 percent on a 20 question test. 

This would tend to confirm that verbal and graphic 

advance organizers do not impact on learning achievement in 

the same degree, but that the verbal mode has a more 

pronounced effect on learning achievement than the graphic 

mode. 

The decision not to reject the third sub-hypothesis 

(H3) was based on the results of the one-way analysis of 

variance for delayed retention scores. (See Table 8, page 

99.) The difference in the means of the retention test 

scores for the verbal and graphic advance organizer groups 

differed by only 0.6 of a point or three percent on a 20 

question test. The lack of statistical significance in the 

case of the third sub-hypothesis (H3) would indicate that 

there was little difference in the retention of material 

whether the mode of the advance organizer presentation was 

verbal or graphic. 

Sub-hypothesis four (H4) stated that there is no 

significant difference in learning achievement between high 

and low Cumulative Grade Point Average (CGPA) groups which 

received the advance organizer treatment, whether verbal or 
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graphic. 

A two-way analysis of variance of the means for verbal 

and graphic treatments across CGPA groups was completed 

using the learning test scores as the variable. (See Table 

9, page 100.) This indicated that high CGPA groups tended 

to score high on the learning test, and low CGPA groups 

tended to score low on the learning test regardless of the 

advance organizer treatment they received. 

The decision to reject the fifth sub-hypothesis (HS) 

was based on the results of the two-way analysis of variance 

of means for verbal and graphics treatments across CGPA 

groups. (See Table 9, page 100.) The demonstrated statistical 

significance in the case of the fifth sub-hypothesis (HS) 

would indicate that there was a significant interaction 

between previously demonstrated student performance (CGPA) 

across groups using verbal and graphic advance organizers. 

The sixth sub-hypothesis (H6) stated that there is no 

difference in retention on material between high and low 

Cumulative Grade Point Average (CGPA) groups which differ in 

the type of advance organizer received, whether verbal or 

graphic. 

The computed F-value was much larger than that required 

for significance at the .OS level of confidence. (See Table 

10, page 102.) This indicated that the high CGPA groups 

scored high, and the low CGPA groups scored low regardless 

of advance organizer treatment received. It can be inferred 
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from these data that there was a significant difference in 

the retention of material between high and low CGPA groups 

utilizing the verbal and graphic advance organizer. 

However, the verbal group retained more material than the 

graphic group by only 0.6 of a point. 

The seventh sub-hypothesis (H7) pertained to the 

testing of interaction between high and low CGPA groups 

which differ in the type of advance organizer received. 

(See Table 10, page 102.) The difference in retention 

between the verbal-high CGPA and verbal-low CGPA groups was 
. 

2 points on a 20 question test as was the differen~e between 

the control-high and control-low CGPA groups. (See Table 

13, page 108.) The difference between the graphic-high and 

graphic-low CGPA groups was only 1 point. This would tend 

to support the contention that there was a lack of 

interaction between CGPA and the graphic-low CGPA group 

delayed retention scores when the verbal advance organizer 

was involved. 

Conclusions--Correlation Analysis 

The six correlations pertain to the relationship 

between learning test and retention test scores for all high 

and low CGPA treatment groups. The analysis tested the null 

hypothesis that the correlation between the learning test 

scores and retention test scores is zero. (See Table 11, 

page 104.) The verbal-high CGPA, verbal-low CGPA-, graphic-
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high CGPA, control-high CGPA, and control-low CGPA were 

each statistically rejected. The graphic-low CGPA cell 

could not be rejected which would tend to indicate that five 

of the six experimental cells exhibited a tendency toward 

high scores on the learning test leading to high scores on 

the retention test and low scores on the learning test 

leading to low scores on the retention test. The graphic

low cell failed to exhibit this tendency since the low 

scores on the learning test did not dictate low scores on 

the retention test. 

In conclusion, it can be stated that the F-values for 

the major hypothesis and five of the sub-hypotheses were 

significant. However, sub-hypotheses three (H3) and seven 

(H7) had F-values less than the critical level. The critical 

correlation coefficient listed in a table of distribution 

was less than the computed values of five experimental 

cells, but the graphic-low CGPA cell had a correlation value 

less than the critical value. 

These results tend to indicate that subjects with 

varying CGPA scores will score varyingly regardless of the 

treatment received with one exception. The graphic-low CGPA 

group tended to score higher on retention than expected. 

Implications of the Study 

According to the theory of Ausubel (1962), the 

strengthening of the learner's existing cognitive structure 
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becomes an important factor in learning new materials. 

The organizer is usually described as creating "cognitive 

anchors" for the storage and retention of incoming 

information. As Novak, Ring, and Tamir (1971, p.485) point 

out, it is seldom that an individual approaches a lesson 

with no relevant anchors for incoming information. More 

frequently, some relevant material exists, but learning 

occurs at various levels of meaningfulness, depending on the 

extent to which that material is stable, differentiated, and 

perceived as relating to the new material. However, it 

would appear from this study that the advance organizer was 

not only effective in strengthening the learner's cognitive 

structure to aid in learning, but also the strengthening 

aided in the retention of the learned material. 

It is obvious from reviewing prior research that the 

effect of organizers has been viewed as a simple, univariate 

process concerning the presence or absence of these anchors. 

Such a simplistic approach does not do justice to the 

numerous subtle variables which appear to relate to the 

advance organizer function. In order to be effective, the 

advance organizer must activate specific and relevant 

information which has already been acquired by each student. 

It must cause the student to make the necessary association 

between prior material and that which is to be learned. 

Given the differing personalities, learning styles, and 

intellectual histories of the students in any classroom, it 
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is doubtful that any two subjects are affected in the same 

way by a single advance organizer. 

The results of this study did support the major 

hypothesis since significant differences were found between 

advance organizer treatment and control groups on a learning 

test on an aeronautical concept. This study must now be 

added to the increasing number of studies finding the use of 

advance organizers to facilitate learning to be an effective 

educational tool. Inferences are as follows: (1) the advance 

organizer in verbal and graphic form can be an effective 

approach to learning and retention of an aeronautical 

concept; (2) the verbal advance organizer tends to be more 

effective than the graphic organizer in both learning and 

retention; (3) the graphic organizer is most effective 

in the retention of material by those students who have 

exhibited a lower standard of over-all performance (CGPA) in 

the past. 

Unfortunately, there is no strict formula for the 

development of the advance organizer, and information that 

would enable science educators to define the advance 

organizer is nebulous. It would appear from this study, 

that the possible differences in quality of the verbal and 

graphic advance organizers could impact on the outcome of 

the experiment. Logistically, the advance organizers used 

in this study fulfilled the criteria specified by Ausubel 

and were edited, revised, and approved by a panel versed in 
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the characteristics of advance organizers. Therefore, 

although it is necessary to examine the data of the study 

for clues to possible shortcomings of materials and 

limitations of the study, the theory remains valid. 

A requirement for advance organizer effectiveness is 

that the student actively participate in the learning 

process. Subject matter that is essential to the career 

goals of the student enhances the probability of this needed 

active participation. Although the sample may not have 

totally understood the organizers and their applications to 

the learned material, a transfer of the organizers to the 

learning material appears to have taken place. Since the 

organizers were presented in different modes, it is possible 

that the descriptions and information contained in the 

verbal mode was more adequate for transferability than that 

of the graphic mode. 

A further consideration was the nature of the graphic 

presentation on d~layed retention by the graphic-low CGPA 

group. The graphic mode appears to have more firmly 

anchored the learning material in the cognitive structures 

of these subjects. It is possible that this occurred due to 

the sample tested since all subjects were certified 

professional aviators accustomed to daily encounters with 

aeronautical charts, diagrams, and graphs. If this is the 

case, more graphic advance organizer materials in the 

classroom could lead to increased retention for the lower 



120 

CGPA students and, therefore, an increase in their over-all 

CGPA as well as an increase in their effectiveness in the 

aviation industry. 

The evidence presented in this study may be of special 

interest to college level science teachers for supporting 

the use of advance organizers for the development of 

instructional techniques and strategies. The research 

evidence developed in this study could be useful to the 

writers of science and technical textbooks as they develop 

the systems of a component. These writers might find it 

advantageous to utilize advance organizers in their 

textbooks to enhance the learning and retention of 

appropriate concepts needed for an hierarchically developed 

presentation. 

Summary of Conclusions 

In general, the findings of the study were as follows: 

1. That the differences in the learning achievement 

scores for verbal and graphic advance organizer groups were 

sitnificant when compared to the control group not using an 

advance organizer. 

2. That the differences in delayed retention test 

scores for verbal and graphic advance organizer groups were 

significant when compared to the control group not using the 

advance organizer. 

3. That the difference in the learning scores were 
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significant between the advance organizer groups, that is, 

verbal compared to graphic. 

4. That there was no significant difference in the 

delayed retention scores between the verbal and graphic 

advance organizer groups. 

5. That subjects with varying CGPA scores (high and 

low) will achieve in accordance with their CGPA scores on a 

learning achievement test regardless of whether they 

receive the verbal or graphic type of treatment. 

6. That there is an interaction between high and low 

CGPA scores and high and low verbal and graphic advance 

organizer groups due to the significant difference in 

learning achievement test scores. 

7. That the difference in delayed retention test 

scores between high and low CGPA groups receiving either the 

verbal or graphic advance organizers was significant. 

8. That the experimental treatment with the graphic

low CGPA group was more effective than with the other high 

and low CGPA groups using verbal and graphic advance 

organizers since the difference in delayed retention test 

scores due to treatment interaction with CGPA was not 

significant. 

The significance of the study is not restricted to the 

objective findings as revealed by the statistical analysis. 

The investigator discovered certain subjective advantages 

to the use of advance organizers as a learning aid and a 
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help to retaining material for future use. It was found 

through personal interviews with the students that most 

reported that the advance organizer helped them in 

interpreting the textbook material and the lectures on 

compressor theory. The advance organizers also gave them 

insight into answering the learning test questions. Most 

agreed that the organizer keyed their memories during the 

recall of material on the delayed retention test. All 

graphic advance organizer subjects agreed that it was easier 

to recall pictures and diagrams associated with the advance 

organizer, after the seven weeks delay between the learning 

test and the retention test, than to recall the textbook 

written material or the lecture presentations. This was 

confirmed by asking several questions after the instruction 

and both tests were completed. 

Seventeen of the 126 subjects in the study reported 

that the advance organizer used was already familiar to 

them. However, most were familiar with the idea of lift on 

aircraft wings but had never fully associated it with the 

Bernoulli principle and certainly not to the extent 

presented in the verbal or graphic handout. From this 

revelation, it might be appropriate to speculate as to 

whether previous experiences influenced learning and 

retention. Since there was no real evidence as to which of 

the two contributions (previous experience or the advance 

organizer) played the major role, it would appear reasonable 
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to conclude that both factors played some part in learning 

and retention. 

In summary, the results of this investigation appear 

to substantiate the findings of Kuhn and Novak (1970), whose 

study indicated that advance organizers affected acquisition 

·and retention of scientific concepts; Weisburg (1970), who 

found significant differences in post-test scores for those 

subjects who used visual advance organizers; Anderson 

(1973), whose study reported significant results on the 

retention of economic concepts of supply and demand; and 

Slock (1980), who reported significant differences in 

learning and retention in favor of advance organizers used 

in a medical microbiology course. The findings of these 

investigators indicate a significant difference in learning 

and/or retention when subjects who were exposed to advance 

organizers were compared to control groups with no advance 

organizers. 

It would appear that the results of this study would 

refute the findings of Jerrolds (1967), Brovey (1970), and 

Johnson (1980) who found no significant differences in 

learning or learning and retention for those subjects who 

used advance organizers. 

Perhaps mental maturity is the differing factor when 

comparing results of this study to those of other 

investigators. In the Jerrold (1967) study, the subjects 

were ninth grade students. In the present study, the 
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subjects were upper-level, career oriented college students. 

Differences between findings as reported by Brovey (1970) 

and the present study may result from the differences in 

modes of presentation of the advance organizer. In the 

Brovey (1970) study, rock formations in a park were used as 

organizers; in the Johnson (1980) study, the audio-tutorial 

mode was used; whereas, in the study reported in this 

thesis, the verbal and graphic modes were used. 

Recommendations for Further Study 

The following recommendations for further study arise 

directly from the conclusions and implications of this study 

and from previous research cited in this study. Although 

multi-variate research is fairly common, it is recommended 

that these areas should be treated separately because of the 

complexity of each of the variables. 

On the basis of the finding and conclusions previously 

stated, the investigator recommends the following: 

1. That similar studies be expedited to determine the 

effects of advance organizers at varying college grade 

levels. The effectiveness of the advance organizer should 

be examined on groups from entering freshmen through graduate 

level students. Would the advance organizer be more 

beneficial to students taking remedial courses or those in 

accelerated programs? Should they be used only in the basic 

''building block" courses as opposed to the advanced courses? 
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2. That similar studies be conducted to determine the 

effects of advance organizers on varying subject matter. 

The advance organizer should be examined in every area of 

the curriculum spectrum from the humanities with programs 

such as literature, art, and music, to the mathematics of 

algebra, trigonometry, and calculus, to the sciences with 

such courses as chemistry, physics, and astronautics. 

3. That research be conducted to determine if a 

correlation exists between the mastery of the advance 

organizer and increased comprehension and retention of the 

learning material. A comparison should be made as to the 

effectiveness of advance organizers after the student has 

demonstrated a mastery of the organizer as opposed to a 

short term exposure to this anchoring concept. What is the 

correlation between mastery of the advance organizer and 

increased learning and/or retention of the target learning 

material? Can critical levels of mastery be found for 

different types of organizers, grade levels, or subject 

matter? 

4. That studies be conducted to determine alternative 

modes of advance organizer presentation. This research is 

fundamental to the advancement of knowledge of advance 

organizers. Which type is more effective for whom and with 

what subject matter? What is the impact of novel subject 

matter on the various modes? Is there a relationship such 

as, the more exotic the subject the more abstract or 
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concrete the advance organizer must be? 

5. That similar studies be undertaken to determine the 

impact of advance organizers on student learning styles 

versus instructor teaching styles. These studies should 

include discussion, demonstration, lecture, simulation, and 

role playing. This too should be done over a range of grade 

levels and subjects. 

Research on the advance organizer is less than twenty-

five years old. Perhaps in another twenty-five years, a 

considerable research effort will shed more light on the 

enigma of the educational process. Even that which is 

called an advance organizer may be less of a mystery. The 

information should provide valuable guidelines for 

instructional designers in their continuing attempt to make 

learning more efficient and effective. If this study and 

these recommendations serve to guide or assist future 

research, then these efforts were not solely for some 

vainglorious personal satisfaction. 
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INSTRUCTIONS 

1. Read the attached pages carefully and attempt to 
understand and remember the concept of Bernoulli's 
principle. 

2. Please read the contents of the article twice and use 
any remaining time to study it. 

3. No discussion of the article will be conducted by the 
instructor. 

4. At the conclusion of the allotted time for reading and 
studying the article, please read the confirmation below 
and sign it. 

I have carefully and thoughtfully read the 
attached article two times and have attempted to 
understand and retain its contents to the best 
of my ability in the time frame allotted. 

(Signature) 
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THE BERNOULLI PRINCIPLE OF ENERGY CONSERVATION 
IN A MOVING FLUID 

"The total pressure of a particle in motion is constant at 
all points on its path in a steady flow" 

Bernoulli's principle states that the higher the speed 
of a flowing fluid or gas, the lower the pressure and 
conversely, as the speed decreases, the pressure increases. 

Most simply stated, Bernoulli's principle says that 
when a gas or fluid is flowing through a restricted area, as 
in a nozzle or a venturi, its speed will increase and its 
pressure will decrease. However, if the area is increased 
as in the divergent portion of a jet diffuser, the reverse 
is true. 

The total energy of the flowing gas is made up of 
static and dynamic temperatures and pressures. A nozzle or 
a diffuser does not change the total energy level, but 
rather changes one form of energy into another. For 
example, the convergent nozzle will increase the flow, or 
dynamic pressure, at the expense of the static pressure. 
If the gas is moving through a pipe at so many pounds per 
second, the air must continue to flow at the same rate out 
through the nozzle. The only way that it can do this is to 
increase its speed. A diffuser or divergent duct will 
cause just the opposite result. Thus, by varying the area 
of a pipe, velocity or dynamic pressure can be changed into 
static pressure and static pressure into velocity. 

Bernoulli's equation is a statement of energy 
conservation in a fluid. Like any moving body, the fluid 
has kinetic energy through its motion. At all points in a 
fluid, there is a STATIC pressure proportional to the 
height of the fluid above that point. The kinetic energy 
of the fluid is proportional to the square of the velocity 
and gives rise to a DYNAMIC pressure. If no energy is 
added to or taken away from the fluid stream, then total 
energy will be conserved even if there is an interchange 
between kinetic energy (dynamic pressure) and potential 
energy (static pressure). This is the principle behind 
Bernoulli's equation: 

E (total) = E (pressure) + E (kinetic) 
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For turbine engine applications, pressure changes are 
of the greatest concern. Therefore, the total energy can be 
equated to total pressure, the pressure energy to static 
pressure, and the kinetic energy to dynamic pressure; 
therefore, a more useful form of the equation becomes: 

P (total) = P (static) + P (dynamic) 

The work of Bernoulli provides the basis of 
hydrodynamics and aerodynamics, which are the studies of 
the flow behavior of liquids, such as water and air 
respectively. The basic principle assumes zero viscous or 
frictional forces within the fluid. The low viscocity of 
air and water results in the theory providing a good 
approximation of the flow behavior of these fluids. A 
basic premise is that orderly or streamlined flow is also 
assumed. 

Applications of this principle are surprisingly common 
and diverse. If the lower end of an open tube is immersed 
in a liquid and a stream of air is blown with sufficient 
velocity over the upper end of the tube, the reduction of 
static pressure above the tube allows the atmospheric 
pressure to force the liquid up the tube and out into the 
rapidly moving airstream. This is the basis for perfume 
atomizers, throat sprays, and paint spray guns. 

Bernoulli's principle can also explain the curve of a 
golf ball or the lift on an airplane wing. In hitting a 
hook on the fairway, the golfer causes the ball to spin. 
The velocity of the air is greater on one side of the ball 
than on the other and the differential of pressures causes 
the ball to curve from its desired course. The wing is 
shaped so that the speed of the air on top is greater than 
the air below, therefore, the pressure of the air below the 
wing is greater than the pressure on the top surface and 
the air exerts an upward force. 

The Bernoulli effects have been responsible for some 
accidents. If a car zooms past a bicyclist, the "rush" of 
air involves a lowering of pressure between the car and the 
bicycle, so air from the other side tends to tilt the 
bicycle toward the car. In a similar manner, passengers 
standing too close to the edge of a train or subway 
platform when the train whizzes by have "fallen" onto the 
tracks--with an assist from Bernoulli. 

The very nature of the turbine engine with its 
internal characteristics requires an understanding of the 
behavior of moving air. The higher the air velocities 
involved, the larger will be the pressure changes and · the 
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greater the possibility of density changes due to 
compressibility. Since all internal airflows in the 
turbine engine remain subsonic. air is treated as an 
incompressible fluid similar to water. At these low 
internal velocities, the air can undergo changes in 
pressure with relative little changes in density. Since 
the condition of low speed airflow is analogous to the 
flow of water or any other incompressible fluid. the 
Bernoulli principle and other relationships developed for 
an incompressible fluid may be used. 
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INSTRUCTIONS 

1. Read the attached pages carefully and attempt to 
understand and remember the concept of Bernoulli's 
principle. 

2. Please read the graphic illustrations twice and use any 
remaining time to study them. 

3. No discussion of the graphics will be conducted by the 
instructor. 

4. At the conclusion of the allotted time for reading and 
studying the graphic illustrations, please read the 
confirmation below and sign it. 

I have carefully and thoughtfully read the 
attached graphic illustrations two times and 
have attempted to understand and retain their 
contents to the best of my ability in the time 
frame allotted. 

(Signature) 
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INSTRUCTIONS 

1. Read the attached pages carefully and attempt to 
understand and remember the concept of Bernoulli's 
principle. 

2. Please read the contents of the article twice and use 
any remaining time to study it. 

3. No discussion of the article will be conducted by the 
instructor. 

4. At the conclusion of the allotted time for reading and 
studying the article, please read the confirmation 
below and sign it. 

I have carefully and thoughtfully read the 
attached article two times and have attempted to 
understand and retain its contents to the best 
of my ability in the time frame allotted. 

(Signature) 
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THE BERNOULLI PRINCIPLE OF ENERGY CONSERVATION 
IN A MOVING FLUID 

"The total pressure of a particle in motion is 
constant at all points on its path in a steady flow" 

Bernoulli was the family name of three Swiss 
mathematicians: two brothers, Jacob and John and John's 
son Daniel. They were born in Basel. 

Jacob Bernoulli (1654-1705) developed new material in 
the theory of probability, analytic geometry, and the 
.calculus of variations at the University of Basel. 

John Bernoulli (1677-1748) worked in applied 
mathematics with such topics as astronomy, the tides, 
optics, and ships' sails. He succeeded his brother, Jacob, 
as professor at the University of Basel. 

Daniel Bernoulli (1700-1782) laid down the 
hydrodynamic principles by which he could calculate the 
flow of fluids. He also contributed to the probability of 
theory, the calculus, and differential equations. He 
served as a professor of mathematics at the University of 
Basel. 

An analogy of Bernoulli's work with fluids can be made 
with an illustration of soldiers marching down a street in 
the town of Basel. If the street is wide enough for the 
men to march 20 abreast and then narrows to an alley where 
they can march only 10 abreast, the soldiers marching 
through the alley must walk twice as fast as they did in 
the broad street for the same number of men to pass a point 
in the alley in a given period of time. If they did not 
increase their marching speed in the alley, there would 
soon be a traffic jam at the entrance to the alley. 

Some of Bernoulli's principles have modern 
applications in fluid studies. Hydrodynamics and 
aerodynamics are both branches of fluid dynamics, which is 
the study of fluids in motion. The fundamental laws 
governing the movements of gases, such as air, and liquids, 
such as water, are identical. The equations representing 
these "natural laws" are, however, so complex that, 
although formulated over a hundred years ago, they cannot 
be easily solved to account for all situations and 
conditions. 
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The equations which describe in a general fashion the 
motion of fluids were first developed by Navier in 1820 and 
subsequently perfected by Stokes in 1845. These equations, 
now called the Navier-Stokes equations, relate velocity, 
density, pressure, compressibility, viscosity, and the 
spatial dimensions of the fluid. 

Because of the number of variables involved, the 
subject of fluid dynamics has been broken down into a 
number of subdivisions where certain conditions 
predominate and others can be ignored. This results in a 
whole series of solutions--each applying in a limited 
range of circumstances. 

Historically, hydrodynamics came first and 
consequently includes the greater number of assumption~. 
Water is, however, almost incompressible, which means that 
the density of water does not change with the pressure 
applied to it. This property of water allows the original 
Navier-Stokes equations of fluid dynamics to be greatly 
simplified. 

Interestingly, the Bernoulli principle of fluid motion 
can explain the increased distance of flight of a spinning 
golf ball, the lift on an aircraft wing, or the operation of 
a float carburetor. Other applications range from the 
curving motions of a volleyball at the beach, to the 
tendency of a clammy shower curtain to swing against you 
when the spray of water from the showerhead causes a 
downrush of air, to the unroofing of a house by hurricane 
winds forced to detour up and over the roof and down the 
other side. 

When a fluid is at rest, the pressure exerted (called 
static pressure) is the same at all points in a given 
horizontal plane, a phenomenon which forms the basis of 
hydrostatics. Of course, when a fluid is moving this 
condition does not necessarily prevail. A change of 
pressure with a change in velocity is known as the venturi 
effect. It was named for the Italian physicist G. Venturi 
(1746-1822), who first studied the effects of constricted 
channels on fluid flow. An explanation of the effect was 
first postulated by the Swiss mathematician and physicist, 
Daniel Bernoulli, in approximately 1738. 

Apart from the measurement of flow rates, the venturi 
effect can also be put to practical use in a device such as 
the float carburetor used in many aircraft engines. The 
carburetor uses the drop in pressure to cause fuel to be 
sucked into the fuel-air metering system. 
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LESSON PLAN 

Title: Aircraft Turbine Engine Compressor Theory 

Competency: 

Objectives: 

Knowledge that the proper functioning of the 
turbine compressor is fundamental to the 
maintenance of engine operating limitations 
and to the generation of thrust. 

a. 
b. 
c • 
d. 

e. 

State functions of the compressor. 
Define two principle types of compressors. 
Identify components of compressors. 
Describe why it is important to increase 
stages of axial-flow compressors. 
Compare TSFC of centrifugal and axial flow 
compressors. 

f. Define Pressure Ratio and Compression Ratio. 
g. Calculate Compression Ratio. 
h. Using both Aerodynamic and Thermodynamic 

considerations, explain the vector analysis 
of the airflow, pressure, and velocity 
changes through the axial-flow compressor. 

i. List methods of reducing the volume of air 
in rear stages. 

j. Calculate tip speed of compressor blades, 
the maximum diameter, and maximum RPM using 
various speeds of sound. 

k. Show a knowledge of Compressor Stall/Surge. 
1. Be familiar with causes of Compressor 

Stall. 
m. Discuss cures for Compressor Stall. 
n. Exhibit a knowledge of the Thermodynamic 

considerations of compressors. 
o. Calculate the SHP of the compressor. 
p. Identify and compare the construction 

features of compressors. 
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LESSON--COMPRESSOR THEORY 

Time: 6 contact hours. 

Advance Organizer: The Bernoulli Principle of Conservation 
of Energy in a Moving Fluid. 

1. Two functions of compressors. 

2. Centrifugal-flow compressors. 

3. Axial-flow compressors. 

4. Components. 
A. Centrifugal-flow 

1. Impeller 
2. Diffuser 
3. Collector 

B. Axial-flow 
1. Inlet Guide Vanes 
2. Rotor Blades--rotating airfoils 
3. Stator Vanes--stationary airfoils 

5. Compressor Stages. 

6. Pressure Ratio. 
1. Max allowable 1.2 psi 
2. Rationale 
3. Formula 

7. Compression Ratio. 

8. Compression Ratio Formula. 
1~ Units of measurement 
2. Sample problems 

9. Vector Analysis. 
1. Airflow changes 
2. Pressure changes 
3. Velocity changes 

10. Volume of air reduction in rear stages. 
1. Taper case 
2. Taper rotor 
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11. Tip Speed. 
1. 
2 • 
3. 
4. 
5. 

Formulas 
Max diameter of compressor 
Max RPM of compressor 
Speed of sound considerations 
Sample problems 

12. Compressor Stall/Surge. 

Handout: "Compressor Stalls: Theory and 
Practice" 

1. Definition 
2. Causes 
3. Cures 
4. Angles of Attack (high and low) 
5. Choking 
6. Overboard Bleed Air 
7. Stall indications for the pilot 

13. Thrust Specific Fuel Consumption (TSFC). 

14. Thermodynamic considerations. 
1. BTU 
2. Specific heat of air at CP 

(.24 BTU/lb/degree) 

15. Horsepower required to drive compressor. 

16. 

1. Formula 
2. Sample problems 

Construction 
1. 
2. 

3. 

features. 
Cast/mold/forge/nitride/single crystal 
Centrifugal-flow 
a. Impeller/diffuser/collector 
b. Materials 
Axial-flow 
a. Blade 
b. Clearances 
c. Disk 
d. Vanes 
e. Cases 
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AIRCRAFT TURBINE ENGINE COMPRESSOR THEORY 

1. The Centrifugal-flow compressor consists of basically 
three major parts. They are: 

1. Stator vanes, diffuser, and rotor blades. 
2. Rotor blades, stator vanes, and impeller. 
3. Stator blades, rotor blades, and guide vanes. 
4. Impeller, diffuser, and collector. 

2. You are the designer of compressors for aircraft 
turbine engines. Your requirement is to use centrifugal 
or axial-flow compressors or a combination of both on 
the engine. Which type would you use for a high speed 
(Mach 1.5) aircraft? 

1. Centrifugal. 
2. Centrifugal-Axial combination. 
3. Axial-Centrifugal combination. 
4. Dual Centrifugal combination. 

3. Vector analysis of the airflow through the turbine 
compressor takes into consideration: 

A. Airflow changes. 
B. Aircraft speed. 
C. Temperature changes. 
D. Ambient temperature. 
E. Aircraft velocity changes. 
F. RPM of Inlet Guide Vanes. 
G. Changes in Pressure. 

1. A, D, and G are correct. 
2. c, E, and F are correct. 
3. A' c, and G are correct. 
4. All items (A-G) must be taken into consideration. 
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4. Why is the Pressure Ratio (PR) per stage of an axial
flow compressor usually limited to 1.2 across each 
stage? 

1. Above 1.2 the diffused air moves from high to low 
and breaks away from the surface disrupting smooth 
airflow. 

2. Above 1.2 the diffused air moves from low to high 
and causes unstable airflow conditions. 

3. The lack of strong metals prohibits the excessive 
pressures that are associated with ratios above 
1. 2. 

4. Above 1.2 there is a condition in which the 
constricted area exceeds the design limitations of 
the compressor. 

5. A 12 stage compressor has a pressure ratio of 1.2 
across each stage and an inlet pressure of 14.5 psi. 
The final pressure of the compressor is: 

1. 890.0 psi 
2. 129.31 psi 
3. 107.76 psi 
4. 8.9:1 

6. The compression ratio of a 6 stage axial-flow 
compressor with a pressure ratio of 1.18 across 
each stage and an inlet pressure of 14.9 psi is: 

1. 2.7:1 
2. 1.9:1 
3. 3.6:1 
4. 8.9:1 

7. The vector analysis of the air movement through the 
inlet guide vanes of the axial-flow compressor would 
reveal which of the following conditions: 

1. No change in air velocity. 
2. Air deflected to a pre-determined angle opposite 

the direction of the airflow. 
3. Increase in air velocity due to convergence of the 

IGV's. 
4. Decrease in air velocity due to diffusing effects 

of the IGV's. 
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8. The blade tips of the rotating blades must NOT exceed 
the speed of sound in order to avoid shock-wave 
formation because: 

1. The increase in temperatures across the shock-wave 
will melt the blades. 

2. The pumping efficiency of the compressor will be 
greatly reduced. 

3. The shock-waves will crack the blades resulting 
in blade elongation into the outer case. 

4. The tips will become dislodged from the rest of 
the blade. 

9. What is the maximum diameter of a compressor whose 
RPM equals 8,000 and whose blade tip speed is limited 
to Mach .80 when the local speed of sound is only 
1090 ft/sec? 

1. 31.23 inches 
2. 872 ft/sec 
3. 2.5 feet 
4. 24.89 inches 

10. The diameter of an axial-flow compressor is 24 inches 
and the RPM is 9,000. The compressor is operating 
under standard conditions. The tip speed is: 

l. Supersonic 
2. Subsonic 
3. Transonic 
4. None of the above. 

11. Each successive stage of an axial-flow compressor: 

1. Increases pressure with an ever decreasing volume. 
2. Lowers the temperature of airflow significantly 

due to the diffusion. 
3. Increases flow velocity so that velocity at the 

compressor discharge is just under Mach 1.0. 
4. All of the above. 
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12. The most vital problem associated with the axial-flow 
compressor is a condition known as: 

1. Cascading. 
2. Stalling. 
3. Blade airfoil displacement. 
4. Blade angle retarding. 

13. Choking in the axial-flow compressor is associated 
with: 

1. High angles of attack of the rotating blades. 
2. High angles of attack of the inlet guide vanes. 
3. Low angles of attack of the rotor blades. 
4. Low angles of attack of the inlet guide vanes. 

14. Compressor stall results from an unstable air condition 
within the compressor. This can be caused by: 

1. Ground operation at low thrust. 
2. "Jam" acceleration or rapid power movements. 
3. Flight in very turbulent air or with abrupt 

attitude changes. 
4. All of the above. 

15. An axial-flow compressor is operating at 16,000 RPM 
under standard day conditions. The mass airflow is 
180 lb/sec, the temperature at the inlet to the 
compressor is 93 degrees F, and the the outlet of 
the compressor is 583 degrees F. How much power (SHP) 
is needed by the compressor? 

1. 2,994.3 SHP 
2. 3848.0 SHP 
3. 36,053.9 SHP 
4. 29,943.0 SHP 

16. The axial-flow compressor requires a great deal of SHP 
to: 

1. Pump the air. 
2. Increase the pressure of the air. 
3. Increase the temperature of the air. 
4. All of the above. 
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17. The specific heat of air at a constant pressure is 
denoted by the figure: 

1. 500 ft-lbs of work per second. 
2. .24 BTU/lb/degree F. 
3. 1 lb of water raised 1 degree F. 
4. 33,000 ft-lbs of work per minute. 

18. The ''Dovetail" attachment of rotor blades to the disk 
allows for: 

1. Extremely tight fit to the disk. 
2. Use of centrifugal action to hold blades during 

operation. 
3. Expansion of the stator vanes. 
4. Balance at very high RPM. 

19. For better support for long stator vanes at the forward 
stages and for the necessary seal between the rotating 
and stationary parts, many vanes are: 

1. Weldmented. 
2. Nitrided. 
3. Porous chrome plated. 
4. Shrouded. 

20. The changing of airflow velocity and compressor RPM 
results in changes of angle of attack on the compressor 
blades. The conditions of high air velocity, normal 
RPM, and low angle of attack are associated with a 
condition called: 

1. Compressor stall. 
2. Compressor choke. 
3. Cascade effect. 
4. Power hypoxia. 
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DELAYED RETENTION 

AIRCRAFT TURBINE ENGINE COMPRESSOR THEORY 

1. The three major components of the axial-flow compressor 
are: 

1. Stator vanes, collectors, and impellers. 
2. Inlet guide vanes, rotor blades, and stator vanes. 
3. Rotor blades, stator vanes, and impellers. 
4. Inlet guide vanes, impellers, and diffusers. 

2 • A purpose of the stator vanes is to: 

1. Increase the pressure of the air flow. 
2. Decrease the pressure of the air flow. 
3. Increase the temperature of the exhaust gases. 
4. Decrease the temperature of the air flow. 

3. One of the primary functions of the Inlet Guide Vanes 
is to: 

1. Decrease airflow pressure. 
2. Increase airflow pressure. 
3. Change airflow direction. 
4. Increase airflow velocity. 

4. To reach the desired compression ratio in an axial
flow compressor, an engine manufacturer would normally: 

1. Increase the length of the Air Inlet Duct. 
2. Increase engine RPM to a point so that the rear 

stage compressor blade tips reach Mach 1.2. 
3. Increase the vector quantities of static discharge. 
4. Increase the number of stages in the compressor. 

5. The impeller, diffuser, and collector are the major 
components of: 

1. Axial-flow compressors. 
2. Reverse-flow compressors 
3. Inlet Guide Vanes. 
4. Centrifugal-flow compressors. 
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6. The most desirable design configuration for high speed 
(Mach 1.5) aircraft would utilize which of the 
following compressor combinations? 

1. Centrifugal. 
2. Dual centrifugal with a plenum chamber. 
3. Axial-centrifugal. 
4. Centrifugal-axial. 

7. A 10 stage compressor has a pressure ratio of 1.2 
across each stage and an inlet pressure of 14.7 psi. 
The final pressure of the compressor is: 

1. 6.2:1 
2. 91.02 psi 
3. 109.22 psi 
4. 7.4:1 

8. If the blade tips of the rotating blades in the 
compressor exceed the speed of sound, the results 
will be: 

1. Shock wave formation. 
2. An increase in the pumping efficiency. 
3. Elongated bearings in the compressor housing. 
4. Melted blades due to large increases in the 

temperature across the sound barrier. 

9. What is the maximum diameter of a compressor whose 
RPM equals 7,000 and whose blade tip speed is limited 
to Mach.85 when the local speed of sound is listed 
as 1090 ft/sec? 

1. 35.69 inches 
2. 926.5 ft/sec 
3. 2.8 feet 
4. 30.33 inches 

10. Compressor stall results from an unstable air condition 
within the compressor. This can be caused by: 

1. Ground operations at maximum thrust. 
2. "Jam" acceleration or rapid power movements. 
3. Flight above 36,000 feet. 
4. All of the above. 
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11. An axial-flow compressor is operating at 10,000 RPM 
under standard day conditions. The mass airflow is 
170 lb/sec, the temperature at the inlet to the 
compressor is 80 degrees F and the outlet of the 
compressor is 600 degrees F. How much power (SHP) 
is needed by the compressor? 

1. 3,857.4 SHP 
2. 3,001.1 SHP 
3. 30,010.9 SHP 
4. 34,628.1 SHP 

12. The portion of the compressor output air that is used 
for the actual combustion of fuel is the: 

1. Vector air. 
2. Primary air. 
3. Secondary air. 
4. Plenum chamber air. 

13. What is the main advantage of using dual compressors 
on a jet engine? 

1. Higher compression ratios. 
2. Higher velocity of the mass air flow. 
3. Higher pressure at the Air Inlet Duct. 
4. Have one available for cockpit pressurization. 

14. What is the secondary function of the compressor 
section of a turbine engine? 

1. Furnish bleed air to the other systems. 
2. Drive the turbines. 
3. To pressurize the fuel-air mixture control. 
4. To furnish high pressure air to the turbines with 

a minimum loss of pressure. 

15. Each successive stage of an axial-flow compressor: 

1. Increases flow velocity so that velocity at the 
compressor discharge is just under Mach 1.0. 

2. Increases pressure with an ever decreasing volume. 
3. Lowers the temperature of airflow significantly due 

to the diffusion. 
4. All of the above. 
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16. Clearance between rotor blades and the outside case is 
often held to a minimum by: 

1. Designing very close tolerances under static 
conditions so contraction of the blades due to 
cold ram air through the compressor at altitude 
is not significant. 

2. Using knife-edge blade tips which rub against the 
outer case as heat in the compressor causes blade 
expansion. 

3. Constructing blades of material that is not subject 
to expansion or contraction. 

4. None of the above. 

17. The compression ratio of a 16 stage axial-flow 
compressor with a pressure ratio of 1.2 across each 
stage and an inlet pressure of 14.7 psi is: 

l. 14.2:1 
2. 15.4:1 
3. 17.0:1 
4. 18.5:1 

18. One of the principle advantages of the two-spool 
compressor design is: 

1. It permits narrow limits for compressor airflow. 
2. It permits no change in air temperature. 
3. It permits multiple sets of inlet guide vanes. 
4. It permits higher tip speeds at the rear stages 

without exceeding the speed of sound. 

19. How does the dual axial-flow compressor type engine 
produce more power? 

1. More turbine wheels. 
2. Lower diffuser pressure. 
3. More velocity of air entering combustion chamber. 
4. Higher compression ratios. 

20. Low angles of attack of the rotor blades is associated 
with a condition in the compressor known as: 

1. Stalling. 
2. Choking. 
3. Vectoring. 
4. Angle Ratio By-passing. 
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ADVANCE ORGANIZER PANEL 

Characteristics of Advance Organizers 

Many researchers have had difficulty designing advance 
organizers using David Ausubel's definition as their guide. 
According to Ausubel, the organizer is: 

1. Introductory material presented in advance of the 
learning task. 

2. Presented at a higher level of generality, 
inclusiveness, and abstraction than the learning task. 

3. Related to the relevant ideas existing in the 
learner's cognitive structure and to the learning task 
itself. 

4. Provides ideational scaffolding or anchorage for 
the learning task by increasing discriminability between the 
new ideas to be learned and the related ideas of the 
learner. 

Richard Mayer eliminated some of the confusion by 
providing a useful list of characteristics included in the 
advance organizer such as: 

1. A short set of verbal or visual information. 
2. Presented prior to learning a larger body of 

information. 
3. Contains no specific content from the to-be-learned 

information. 
4. Generates logical relationships among elements of 

the to-be-learned information. 
5. Influences the learner's encoding processes. 

Mayer also presented a checklist to aid in the 
production of effective advance organizers. His list 
included some of the following: 

1. Does the organizer allow the learner to relate 
unfamiliar material to familiar material? 

2. Is the organizer easily acquired by the learner? 
3. Does the organizer provide the learner with 

organizing qualities which the learner may not normally use? 

For the purposes of this study, the checklists provided 
by Mayer have been adopted as being consistent with advance 
organizer theory and having practical relevance in the 
development of organizers. 

The attached checklist was developed to aid the panel 
in the evaluation of the advance organizer "The Bernoulli 
Principle of Energy Conservation in a Moving Fluid" for use 
as an anchoring device for the learning material "Aircraft 
Turbine Engine Compressor Theory." Part I evaluates the 
verbal and graphic advance organizers; Part II the placebo; 
and, Part III the learning and retention tests. 
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PANEL CHECKLIST 

I. Advance Organizers 

1. A short set of verbal (about 700-900 
words) or visual information. 

2. Adequate to be presented prior to a 
large body of information to be 
learned (see Lesson Plan). 

3. Contains no specific or factual content 
to the to-be-learned information. 

4. Shows a relationship among the elements 
of the to-be-learned information. 

5. Should influence learners encoding 
processes for the new material. 

6. Allows the learner to relate unfamiliar 
material to familiar material. 

7. Learner should easily acquire the 
organizer information. 

8. Written at a higher level of generality 
(as opposed to specific or factual data) 
than the to-be-learned material. 

9. Written at a higher level of abstraction 
(as opposed to concrete) than the to-be
learned material. 

10. Written at a higher level of inclusive
ness (as opposed to omission) than the 
to-be-learned material. 

11. Organizer is comparative in nature to 
the to-be-learned material. 

12. Uses terminology familiar to the 
learner. 

Verbal 
yes/no 

Graphic 
yes/no 



167 

II. Placebo 

1. A short set of verbal (700-900 
words) information. 

2. Contains no specific or factual 
content to the to-be-learned 
information (see Lesson Plan). 

3. The material contains organizing 
concepts. 

4. Should influence learners encoding 
processes for new material. 

5. Should influence the learner to relate 
unfamiliar material to familiar 
material. 

6. Learner should easily acquire the 
information. 

7. Uses terminology familiar to the 
learner. 

III. Tests 

1. Learning and retention test questions 
consistent with lesson objectives. 

Comment: ---------------------------------------
2. Each question of learning test has a 

parallel question on retention test. 

Comment: ---------------------------------------
3. Parallel questions are of similiar 

difficulty. 

Comment: ---------------------------------------

yes/no 

yes/no 
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Table 14. Summary Statistics--Pilot Study 

Learning Test 

Number of Students 

Maximum Test Score 

Number of Choices per Item 

Test Mean 

Standard Deviation 

Test Range 

Median 

Modes 

High Score 

Low Score 

The mean difficulty of items on this test = 0.623 

The mean biserial (discrimination index) = 0.360 

Point Biserial Correlation Coefficient = 0.632 

25 

23 

4 

15.72 

3.67 

15 

16 

16/17 

23 

9 
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Table 1 5 . Item Analysis--Pilot Study Learning Test Scores 

Item Difficulty Discrimination 
Number Key Index Index 

1 2 .667 .648 
2 1 .855 .669 
3 3 .436 .173 
4 4 .563 .464 
5 4 .816 .339 
6 3 .923 .602 
7 2 .661 .537 
8 1 .571 .484 
9 4 .316 .486 

10 2 .494 .261 
11 3 .723 .406 
12 2 .429 -.004 
13 1 .890 .262 
14 1 .756 .587 
15 2 .923 .574 
16 2 .841 .406 
17 4 .682 .582 
18 4 .563 .487 
19 4 .687 .218 
20 2 .289 -.023 
21 1 .476 .204 
22 1 .471 -.146 
23 3 .316 .064 
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Faulty Test Items 

The following items were found to be unsatisfactory on 

the basis of an item analysis of the pilot learning test 

data: 

12. The advantage of multiple shocks in an inlet duct of a 
high velocity aircraft (above M 1.4) is: 

1. Air velocities are increased above sonic at the 
compressor inlet. 

2. Each decrease in velocity across the shock produces 
an increase in pressure. 

3. Higher inlet temperatures. 
4. Each increase in velocity across the shock produces 

a decrease in pressure. 

20. A condition of airflow instability which affects the 
operation of the compressor and known as "inlet buzz" 
is caused by: 

1. Vibrations in the inlet inner cone attachment. 
2. A shock wave being swallowed and expelled at the 

duct. 
3. A sonic shock at the inlet to the turbine section. 
4. Excessive RPM of the compressor blades. 

22. The portion of the compressor output air that is used 
for the actual combustion of fuel is the: 

1. Primary air. 
2. Secondary air. 
3. Vector air. 
4. Plenum chamber air. 



APPENDIX J 

Statistical Analysis for Delayed Retention Pilot Study 
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Table 16. Summary Statistics--Pilot Study Retention Test 

Retention Test 

Number of Students 

Maximum Test Score 

Number of Choices per Item 

Test Mean 

Standard Deviation 

Test Range 

Median Score 

Mode Score 

High Score 

Low Score 

The mean difficulty of items on this test = 0.607 

The mean biserial (discrimination index) 0.386 

Point Biserial Correlation Coefficient 0.622 

25 

23 

4 

14.64 

4.37 

19 

16 

16 

22 

4 
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Table 17. Item Analysis--Pilot Study Retention Test Scores 

Item Difficulty Discrimination 
Number Key Index Index 

1 4 .786 .517 
2 3 .667 .605 
3 3 .476 .453 
4 1 .285 -.047 
5 2 .663 .60 5 
6 1 .667 .549 
7 1 .489 .438 
8 2 .576 .551 
9 4 .477 -.040 

10 2 .687 .493 
11 1 .650 .233 
12 2 .867 .568 
13 3 .771 .532 
14 4 .786 .609 
15 4 .884 .313 
16 4 .563 .262 
17 2 .315 .254 
18 2 .267 -.014 
19 4 .563 .386 
20 2 .389 .214 
21 3 .785 .443 
22 3 .863 .662 
23 1 .574 .297 
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Faulty Test Items 

The following items were found to be unsatisfactory on 

the basis of an item analysis of the pilot retention test 

data: 

4. A shock wave that is swallowed and expelled by a high 
performance aircraft is known as: 

1. Inlet buzz. 
2. Sonic shock syndrome. 
3. Jam acceleration. 
4. Vibration hysterisis. 

9. Primary air in the compressor is that air: 

1. Confined to the plenum chamber. 
2. Used for cooling purposes only. 
3. Used for systems operation and also known as 

bleed air. 
4. Used for combustion of the fuel. 

18. In an aircraft operating above Mach 1.4, multiple 
shock waves are often induced to: 

1. Increase air velocity entering the compressor. 
2. Increase pressure in the compressor. 
3. Increase temperatures to sonic levels. 
4. Increase the number of stages in the compressor. 
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Table 18. Personal Data for Verbal Advance Organizer 
Treatment Group 

Pretest Learning Test Retention Test 
Student CGPA Raw Score Raw Score Raw Score 

1.3 2.92 14 18 18 
1.6 3.09 23 17 18 
1.9 2.54 22 17 16 
1. 12 . 2.16 28 18 16 
1.14 2.07 25 17 15 
1.15 3.87 36 20 18 
1.16 2.83 18 18 18 
1.17 3.03 31 19 20 
1.19 3.56 30 19 20 
1.12 3.12 22 20 18 
1. 23 2.29 23 18 16 
1. 29 2.81 19 17 18 
2.2 2.60 15 20 15 
2.12 2.49 34 18 16 
2.17 2.62 16 19 19 
2.26 3.20 16 19 20 
2.28 1. 77 22 15 13 
2.33 2.88 15 16 17 
3.2 2.38 17 19 18 
3.3 2.66 24 18 19 
3.5 2.57 18 20 16 
3.7 1.94 15 14 13 
3.8 2.55 26 17 13 
3.9 2.85 21 16 15 
3.10 2.23 17 18 18 
3.14 3.61 21 20 20 
3.17 3.70 30 18 17 
3.18 3.35 23 18 18 
3.22 2.00 20 19 17 
3.29 2.08 15 18 16 
4.2 2.13 25 13 16 
4.3 2.79 26 17 16 
4.5 2.20 27 16 17 
4.9 2.71 21 18 18 
4.10 3.31 19 19 17 
4.17 3.05 25 18 18 
4.18 3.15 21 18 20 
4.26 2.94 17 15 18 
4.27 2.31 16 17 15 
4.28 3.53 20 19 20 
4.29 2.98 20 16 18 
4.30 2.70 23 18 17 
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Table 19. Personal Data for Graphic Advance Organizer 
Treatment Group 

Pretest Learning Test Retention Test 
Student CGPA Raw Score Raw Score Raw Score 

1.2 2.36 08 15 13 
1.4 2.43 17 15 15 
1.5 2.71 16 18 14 
1.7 3.94 25 20 20 
1.13 3.18 16 19 18 
1.18 3.53 18 18 16 
1. 21 2.20 21 10 16 
1. 22 2.06 24 16 14 
1. 24 3.86 21 16 15 
1. 26 2.88 21 19 16 
1. 30 2.00 23 13 15 
2. 1 2.51 31 15 16 
2.7 2.90 22 18 17 
2.8 3.52 28 20 20 
2.9 2.13 15 1 7 17 
2.11 2.15 19 16 15 
2. 13 2.57 21 16 18 
2.18 2.70 33 17 17 
2.21 2.94 21 17 18 
2.22 3.33 20 19 18 
2.23 2.31 23 16 16 
2.25 2.66 12 15 17 
2.27 1. 87 36 16 14 
2.29 2.75 16 14 18 
2.31 3.06 27 17 20 
2.32 2.80 17 14 15 
3.4 2.86 15 16 15 
3.12 2.08 15 14 15 
3.19 2.97 16 20 20 
3.21 2.61 20 20 18 
3.30 3.15 29 18 17 
4.4 2.18 34 17 17 
4.6 3.28 25 17 15 
4.8 2.83 21 17 16 
4.13 2.26 20 15 17 
4. 16 3.68 16 19 20 
4.19 3.05 27 16 15 
4.20 2.60 18 18 18 
4.21 3.12 17 18 16 
4.22 3.00 25 15 15 
4.23 3.58 26 18 17 
4.24 2.55 22 17 16 
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Table 20. Personal Data for Control Treatment Group 

Pretest Learning Test Retention Test 
Student CGPA Raw Score Raw Score Raw Score 

1.1 3.25 23 18 17 
1.8 3.05 30 19 19 
1.10 2.83 16 15 14 
1.11 2.93 17 16 13 
1. 25 2.07 19 12 10 
1. 27 2.20 25 14 13 
1. 28 1.97 13 13 10 
2.3 2.59 15 16 15 
2.4 3.71 28 18 18 
2.5 3.03 24 16 15 
2.6 3.16 23 20 17 
2.10 2.54 27 17 14 
2.14 2.72 20 19 16 
2.15 2.33 24 16 14 
2.16 2.80 18 14 15 
2.19 2.18 13 12 12 
2.20 2.71 26 16 15 
2.24 2.96 22 16 16 
2.30 3.64 27 18 20 
3. 1 2.30 27 10 11 
3.6 2.64 25 17 15 
3. 11 2.49 20 15 16 
3.13 2.12 24 14 15 
3.15 3.57 20 16 14 
3.16 3.40 17 17 13 
3.20 2.40 13 14 12 
3.23 3.94 31 20 20 
3.24 2.69 30 20 17 
3.25 3.14 33 17 16 
3.26 3.32 25 16 16 
3.27 3.10 21 16 17 
3.28 2.61 22 15 17 
4.1 1.87 18 14 08 
4.7 2.02 14 15 14 
4.11 2.15 26 14 12 
4.12 2.85 22 15 14 
4.14 2.55 23 17 15 
4.15 2.98 28 15 12 
4.25 3.53 18 18 15 
4.31 2.89 31 14 16 
4.32 2.25 17 14 11 
4.33 2.82 19 11 14 
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Table 21. Summary Statistics--Final Study Learning 
Achievement Test Data 

Learning Test 

Number of Students 126 

Maximum Test Score 20 

Number of Choices per Item 4 

Test Hean 16.66 

Standard Deviation 2.24 

Test Range 11 

Median Score 17 

Mode Score 16 

High Score 20 

Low Score 10 

The mean difficulty of items on this test = 0.620 

The mean biserial (discrimination index) = 0.367 

Point Biserial Correlation Coefficient = 0.631 
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Table 22. Item Analysis Data--Learning Achievement Test 
Scores 

Item Difficulty Discrimination 
Number Key Index Index 

1 4 .642 .337 
2 3 .592 .158 
3 3 .667 .495 
4 1 .717 .347 
5 2 .839 .388 
6 1 .694 .581 
7 1 .752 .435 
8 2 .603 .180 
9 4 .442 .316 

10 2 .605 .595 
1 1 1 .838 .242 
12 2 .520 .348 
13 3 .286 .204 
14 4 .696 .435 
15 4 .444 .373 
16 4 .620 .552 
17 2 .720 .070 
18 2 .561 .246 
19 4 .773 .676 
20 2 .783 .361 
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Table 23. Summary Statistics--Final Study Delayed Retention 
Test Data 

Retention Test 

Number of Students 

Maximum Test Score 

Number of Choices per Item 

Test Hean 

Standard Deviation 

Test Range 

Median Score 

Mode Score 

High Score 

Low Score 

The mean difficulty of items on this test = 0.615 

The mean biserial (discrimination index) = 0.374 

Point Biserial Correlation Coefficient = 0.626 

126 

20 

4 

16.08 

2.37 

13 

16 

16 

20 

08 
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Table 24. Item Analysis--Delayed Retention Test Scores 

Item Difficulty Discrimination 
Number Key Index Index 

1 2 .644 .351 
2 1 .583 .417 
3 3 .868 .281 
4 4 .621 .324 
5 4 .776 .519 
6 3 .580 .429 
7 2 .683 .287 
8 1 .704 .482 
9 4 .429 .349 

10 2 .696 .322 
ll 3 .588 .538 
12 2 .720 .446 
13 1 .386 .24 2 
14 1 .717 .490 
15 2 .606 .164 
16 2 .483 .260 
17 4 .641 .526 
18 4 .575 .247 
19 4 .662 .578 
20 2 .328 .249 
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