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The problem of this study was to measure the effects of

differing curricular patterns involving the use of planetarium-

centered activities on the affective domain of high-,middle-,

and low-achieving secondary school students. Two different

curricular patterns were studied. At each achievement level,

one group viewed two planetarium lessons in conjunction with

their classroom work in astronomy. Also, at each achievement

level, two groups viewed the planetarium lessons as review

activities which followed their completion of classroom work

in astronomy earlier in the school year.

Eighth-grade students from all middle schools in the

Mesquite School District were randomly selected for the study.

Totals of 124 high achievers, 121 middle achievers, and 101

low achievers were used. These subjects viewed "The Legacy,"

a nationally distributed, two-part planetarium lesson. Class-

room curriculum in astronomy studied by the subjects centered

upon the unit contained in the textbook, Focus on Earth Science,

by Bishop, Lewis,and Bronaugh.

The design of the study provided for three treatment groups

to be used for each of the achievement levels. Each of the

three groups at each level received an initial test of their



mean attitude toward astronomy, and a retention test three

weeks after their viewing of the planetarium lessons. Groups

one and two at each level received the initial test following

their viewing of the second planetarium lesson, while group

three at each level received the initial test prior to their

viewing of the first planetarium lesson. An author-designed

Likert-type scale of twenty-five items was used to measure

the subjects! attitudes toward astronomy. Inter-item relia-

bility of the instrument was 0.9178.

Six null hypotheses were tested. The first three hypo-

theses predicted that there would be no significant differences

between the three treatment groups at the high, middle, and low

achievement levels, respectively. The final three hypotheses

predicted that there would be no significant differences be-

tween the initial test mean scores and the retention test mean

scores at the high, middle, and low achievement levels, respec-

tively.

Significance of differences were tested with a 3 x 2

analysis of variance for repeated measures and unequal group

sizes at each achievement level, and by Scheffe's F test. A

highly significant difference was found in the attitudes of

the high-achievement treatment groups. The Scheffe test

indicated that this was caused by the significantly lower

mean score of group two, which viewed the planetarium lessons

as a review activity. There were no significant differences

in the attitudes of the three imiddle- and low-achieving groups.



Highly significant declines in the mean score of the combined

groups on the retention tests were also found at each achieve-

ment level. It was determined that the probable cause of the

significant retention test score declines was the fact that

the retention tests were given during the final two weeks of

the school year.

The following conclusions were made with respect to the

planetarium-related curricula studied.

1. Two exposures to planetarium lessons as a review

activity caused a significant decline in the attitude toward

astronomy among high-achieving students.

2. Two exposures to planetarium lessons did not signifi-

cantly improve students' attitudes toward astronomy at any

achievement level or with either curricular pattern studied.

3. Middle- and low-achieving students' attitudes were

not significantly affected by two exposures to the planetarium

lessons. Varying the manner of employing the planetarium in

relation to classroom work in astronomy, in the manner studied,

made no significant differences in the attitudes of students

at either of these achievement levels.

It was suggested that a more intensive series of exposures

to the planetarium could yield more positive affective results.
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CHAPTER I

INTRODUCT ION

The planetarium, a sophisticated instrument which dupli-

cates the appearance of the night sky, was developed in its

modern form in the 1920's. The instrument can duplicate and

speed up virtually any celestial phenomenon, and has been fre-

quently hailed as a valuable, dramatic educational tool (11,

p. 1). At first limited to museum settings, the planetarium

began to expand into colleges and public schools in the 1950's

with the introduction of the relatively inexpensive Armand Spitz

pin-hole projector (11, p. 9). Many laudatory journal articles

appeared simultaneously, and many uses of the planetarium were

discussed. For example, in astronomy the instrument can show

virtually anything. For Newtonian physics it can illustrate

retrograde motion to develop the geocentric and the heliocen-

tric frames of reference. It can set the mood in a unique en-

vironment for poetry reading in English. Geometry is easily

illustrated (4, p. 113), as are certain concepts in social

studies, ancient history, geography, and space medicine (2,

p. 33). Thus the number of planetariums in educational set-

tings has leaped impressively.

However, this entire process of expansion has been based

primarily upon subjective opinion (11, p. 1). No empirical

1
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research was conducted on the educational value of the plane-

tarium until the 1960's, and relatively little has been done

since. Findings are contradictory regarding the effectiveness

of the planetarium in meeting cognitive objectives, and the

affective domain effects of the planetarium are just now be-

ginning to be explored (12, p. 348). The cognitive domain

deals with recall and recognition of knowledge, and also with

intellectual abilities and skills. The affective domain deals

with attitudes, values, interests, and appreciations (8, p. 716).

Several writers have speculated that the real value of the

planetarium may lie in its effects upon the affective domain,

and have called for research to investigate this possibility

(7, 8, 9, 10, 12, 13). Another line of recent research has

investigated attributional differences in students that cause

differing patterns of motivation and attitude across achieve-

ment levels Cl, 6, 14). This work in attributional differ-

ences, when combined with existing planetarium research, sug-

gested the importance of studying the affective domain of stu-

dents of differing achievement levels who had been exposed to

differing curricular patterns involving the planetarium.

Statement of the Problem

The problem of this study was to measure the effects of

differing curricular patterns involving the use of planetarium-

centered activities on the affective domain of high-, middle-,

and low-achieving secondary school students.
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The differing curricular patterns included the use of

planetarium-centered activities in conjunction with a unit

of classroom instruction on astronomy, and as review activi-

ties following the completion of a unit of classroom instruc-

tion in astronomy.

Purpose of the Study

The purpose of the study was to evaluate a planetarium-

related curriculum in the affective domain, and to investi-

gate the differences in affective response associated with

different achievement levels in students (1, 6, 14).

Hypotheses

These were the hypotheses stated in the null form for

testing purposes.

1. There will be no significant difference in the com-

bined group mean scores of the three treatment groups of

students at the high-achievement level.

2. There will be no significant difference in the com-

bined group mean scores of the three treatment groups of

students at the middle-achievement level.

3. There will be no significant difference in the com-

bined group mean scores of the three treatment groups of

students at the low-achievement level.
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4. The all-groups initial test mean for the three

treatment groups at the high-achievement level will not be

significantly different from the all-groups retention test

mean for the three treatment groups at the high-achievement

level.

5. The all-groups initial test mean for the three

treatment groups at the middle-achievement level will not be

significantly different from the all-groups retention test

mean for the three treatment groups at the middle-achievement

level.

6. The all-groups initial test mean for the three

treatment groups at the low-achievement level will not be

significantly different from the all-groups retention test

mean for the three treatment groups at the low-achievement

level.

Significance of the Study

When the study was proposed, it was suggested that the

knowledge that could come from the study would hold signifi-

cance for both. planetarium educators and school administra-

tors. It was noted that planetarium education proponents may

see the end of the recent boom in planetarium construction

unless further empirical evidence of their educational value

is found. This study presents the possibility of adding a

new dimension to the work previously done on the planetarium

and on students' affective domain by examining the affective
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effects of the planetarium experience in relation to differ-

ing patterns of usage and differing student achievement levels.

It is argued that planetarium educators can use the findings

as a basis for further research, and as a basis for making

curricular decisions designed to optimize the effects of their

planetarium programs. It is noted that school administrators,

who are often financially hard-pressed, may be aided by the

findings in making intelligent decisions regarding the instal-

lation and operation of planetariums. Therefore, the study

may be of considerable significance.

Definition of Terms

1. Affective domain--the area pertaining to attitudes,

values, interests, and appreciations (8, p. 716) of and toward

astronomy.

2. Cognitive domain--the area pertaining to recall and

recognition of knowledge and also to intellectual abilities

and skills (8, p. 716).

3. Educational media--the means of communication that

are available for educational purposes; they do not usually in-

clude the teacher, the student's peers, or other human resources

(5, p. 205); but do include all types of audio-visual aids.

4. Group, high-achievement--the group of student sub-

jects who scored from th-e eightieth to the ninety-ninth per-

centile in science achievement on their most recent SRA Achieve-

ment Battery.

5. Group, low-achievement--the group of student
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subjects who scored from the first to the twentieth percen-

tile in science achievement on their most recent SRA Achieve-

ment Battery.

6. Group, middle-achievement--the group of student

subjects who scored from the fortieth to the sixtieth percen-

tile in science achievement on their most recent SRA Achieve-

ment Battery.

7. Planetarium--an intricate series of projectors

which are synchronized to project images of the stars and

planets as seen from either hemisphere; it simulates stellar

and planetary motions by rotating on its various axes, and

can go forward and backward in time; the term refers to the

entire installation, including chamber, dome, and accompany-

ing exhibits, teaching, and service facilities (3, p. 14).

The affective effects of a curricular pattern including a

particular program shown in this facility are evaluated.

Limitations of the Study

The study was limited to students in the eighth grade,

and to students with science achievement scores in the upper,

middle, and low groups previously defined. Also, the sub-

jects were all from the Mesquite, Texas, Independent School

District. The curriculum the students were studying for the

purpose of the study was limited to the unit on astronomy

contained within the required course of earth-science.
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Rasic Assumptions

The researcher assumed that the school-administered

achievement test was an accurate indication of the subjects'

level of achievement in science. Also, it was assumed that

the descriptive data generated in the study met interval level

requirements for quantitative analysis.

Summary

This study was designed to measure the effect of the

use of planetarium-centered activities in relation to differ-

ing curricular patterns upon the affective domain of low-,

middle-, and high-achieving secondary school students. This

work is an outgrowth of suggestions for needed research

made by several planetarium educators, and may have con-

siderable significance in view of the current boom in public

school planetarium construction. Measurements were taken

both for students receiving a classroom unit of instruction

in astronomy in conjunction with the planetarium experiences,

and for students who viewed the planetarium experiences as a

review activity following their completion of a classroom

unit of instruction in astronomy. Also, one set of measure-

ments was taken immediately following or immediately before

the planetarium experience, and a second set of measurements

was taken three weeks after the planetarium experience, in

order to test the stability of the measurements through time.

Subjects were limited to high-, middle-, and low-achieving

eighth. graders in the Mesquite, Texas Schools.
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CHAPTER IIl

REVIEW OF SELECTED LITERATURE

Introduction

Because of the lack of studies dealing specifically with

the effect of the planetarium experience upon students' affec-

tive domain, the plan of this review of the literature is to

relate several kinds of studies to the topic of this study.

First, the status of media research in general will be related

to the planetarium, for it can be viewed as one of the most

sophisticated forms of instructional media. Second, the char-

acter of the literature on planetarium education will be exam-

ined to show its relationship to this study. This literature

will be divided according to its level of sophistication--

journalistic literature on the planetarium, descriptive survey

literature on the planetarium, and empirical research on the

planetarium. Literature on attitudes, motivation, and achieve-

ment will be examined in order to relate the affective domain

to achievement in the cognitive domain, and to provide the

rationale for studying the reactions of differing groups of

achievers to the planetarium experiences in this study. Fin-

ally, the importance of motivation in teaching and in learning

will be examined and related to this study.

10
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Media Research

For many years the typical research study in instruc-

tional media compared the effects of a specific class of

medium, such as radio, film, or television, to the effects of

conventional instruction. However, media research has re-

cently tended to move away from this technique to a greater

level of sophistication (3). Allen has noted that the folly

of assigning generalized, all-inclusive attributes to speci-

fic classes of media under all conditions is being appreci-

ated, and that research which seeks to discover how to design

and manipulate the media to enhance their effectiveness under

specified instructional conditions should dominate the litera-

ture for some time (3, p. 14). Clark has called this the

distinction between research with media, which simply compares

different devices, and research on media, which is concerned

with those relevant attributes of media that interact with

individual differences of students to effect learning (10,

p. 199). He also warned that both of these interactive ele-

ments must be equally emphasized to facilitate interpretation

of research results and to facilitate theoretical work (14,

p. 202). Snow and Salomon have argued that instructional

technology should be conceptualized as some combination of

learning theory and individual differences, and that the

mass of research evidence that applies only to a generalized,

"average student" really applies to no one (68, pp. 341-342).

Allen agreed with this concept (3, p. 12), and suggested that
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work such as this will lead to the evolution of taxonomies

of unique media effects, so that educators will be able to

predict that the use of a particular medium will lead to

specified learning outcomes with different kinds of learners

(3, p. 15).

However, results of the older comparative studies should

not be totally ignored. Moldstad maintains that the large

body of comparative, decision-oriented research has produced

significant evidence to justify these claims when instruc-

tional media are carefully selected and used:

1. Significantly greater learning often results when
media are integrated into the traditional instruc-
tional program.

2. Equal amounts of learning are often accomplished in
significantly less time using the instructional tech-
nology.

3. Multimedia instructional programs based upon a
'systems approach' frequently facilitate student
learning more effectively than traditional instruc-
tion.

4. Multimedia and/or audiotutorial instructional pro-
grams are usually preferred by students when com-
pared with traditional instruction (46, p. 390).

Since the planetarium is really a collection of many types

of instructional media working together, it should logically

follow that these results summarized by Moldstad should also

apply to the use of the planetarium. Actual planetarium re-

search, however, is not as extensive as the body of research

on other types of instructional media, and although some

studies' findings seem to parallel these findings, others do

not. Moldstad's observation regarding student preferences
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for the use of instructional media is, of course, especially

relevant in its relationship to this proposed study. In

conclusion, Jamison, Suppes, and Wells have also written

about the status of student attitudes and motivation in re-

lation to instructional media, They have noted that,

we do not yet have an appropriately detailed evaulation

of the impact of the various technologies on the long-term

motivation of students." (33, p. 58). This shortcoming ex-

tends to planetarium-related studies.

Journalistic Planetarium Literature

The amount of actual research that has been done on the

planetarium is surprisingly meager in view of its increasing

use in education (56, p. 368), The great majority of the

published papers on the planetarium have been of a journalis-

tic, descriptive nature. Many have dealt with planetarium

problems and operations, and most of these works contain

subjective expressions of the writers' conviction of the

great usefulness and effectiveness of the planetarium in

teaching. These convictions were based upon intuitive judg-

ment, not a sound research base (56, pp. 368-369; 58, p. 505).

A sampling of these journalistic articles yields many

variations on the same laudatory theme. An early article

described the "delightful" effects of a special planetarium

program fox deaf children (50). Another told how one school
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district was so convinced of its planetarium's effectiveness

that it was about to build another (37). Another maintained

that criticism of the expense of building a planetarium

"quickly fades to nothing" if the facility is given maximum

use (26), Many articles talked about the "captivating, enchant-

ing, enthralling, inspirational, dramatic, entertaining, enrich-

ing" qualities of the planetarium experience (6, 24, 61, 27).

The rhetoric of these articles was certainly affected by Sputnik

and the onset of the "Space Age." One noted that the onset of

the Space Age meant the "coming of age" of the planetarium

(6, p, 43) ; another called it the best way to put planets,

stars, and nebulae into proper perspective to determine which

ones man could reasonably expect to visit (76, p. 40) ; and

another called the high school planetarium a "resounding answer"

to some of the concern brought to bear on the schools follow-

ing Sputnik (61, p. 71).

Unsubstantiated educational claims about the effects of

the planetarium were numerous in these journalistic articles.

One claimed that it would increase the interest of students

in science and increase their retention of science concepts

(27, p. 15), and another said that it could impart an excellent

idea of the conceptual basis of astronomy to learners of any

age (69, p. 49). One maintained that subject matter was easily

assimilated in the planetarium, in less time, with greater

understanding and retention than in a conventional classroom

(16, p. 18). One believed that the planetarium helped to
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produce "better achievers" (23, p. 33), and another testified

that it helped below average students by holding their atten-

tion, making them interested in the subject matter, and moti-

vating them to do homework and extra projects (36, p. 350).

In a more temperate moment one article cautioned that plane-

tarium desirability depends upon many factors, such as type of

student population, tax situation, community receptiveness,

and proper integration of its presentation into the curricu-

lum (16, p. 18). However, these recommendations were, again,

totally subjective opinion based upon intuitive reasoning.

Descriptive Surveys of the Planetarium

The literature of descriptive surveys of the planetarium

is a step above the journalistic articles, in sophistication.

The descriptive survey has attempted to describe the status

of planetarium procedures at various stages of its develop-

ment (67, p. 1). Smith has described this summary of the

status of development and of the various techniques of opera-

tion as necessary in order to help operators avoid mistakes

made by their predecessors, and to begin advancing the fron-

tiers of planetarium education C67, p. 14).

This type of planetarium literature began with. the pub-

lication of the two volumes of Planetariums and Their 'Uses for

Education in 1958 and 1960 (67, p. 15). They were a collection

of papers from the first symposia, concerned primarily with the

educational aspects of the planetarium. The papers were an accu-

mulation of knowledge discovered by planetarium personnel by
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trial and error (67, p. 15). This literature continued with

Noble's survey of fifteen planetarium directors in order to

establish guidelines for use of the planetarium in the

Washington, D. C. schools (67, p. 16). Chamberlain conducted

two early surveys. The first was to determine teachers' reac-

tion to their visits to the American Museum-Hayden Planetarium,

and the second was his 1962 doctoral dissertation (13). The

main value of his study was in its character as a manual of

construction, operation, and administration of planetariums

for those contemplating the construction of a new facility

(67, p. 18). Korey's 1963 survey of two hundred three plane-

tariums found formal evaluation procedures lacking, and

Warneking found this still to be the case in 1970 (67, p. 19).

Korey also found that the number of planetariums in use in the

United States had rapidly increased, but that their educational

potential was not being fully utilized, due to a lack of

operating funds (35, pp. 2379-2380).

This survey work continued when Noble extended her 1960

study in 1964, in an effort to further examine the educational

uses of the planetarium in the elementary school (67, p. 19).

She found coordination between the planetariums and the cur-

riculum of the schools lacking, and recommended further plan-

ning and communication for effective lesson presentation

(49, pp. 19-20). Moore used the planetarium in a 1965 study,

but only to divide an adult evening school population in

half. He did not really study the planetarium, but instead
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studied his subjects' characteristics (47, pp. 4417-4418).

Curtin's 1967 study was another in this vein. He analyzed

types of questions planetarium lecturers asked (17, p. 56),

but did nothing to study the effects of the questions on

learning in the planetarium (67, p. 21). Another survey of

the mid-1960's era was McDonald's extension to the secondary

level of the work of Noble. Results again showed the state

of practice in planetariums, but were perhaps causing a false

sense of security in planetarium directors by this time. The

assumption was that if the majority of directors were using a

certain procedure, then it should be educationally sound.

This is not always a correct assumption (67, pp. 20-21).

Despite this shortcoming of descriptive surveys, they

were still being conducted in the 1970's. Two 1971 disser-

tations used this technique. One, by Dean, developed guide-

lines in the selection of planetarium instruments in regard

to several factors (18, p. 5633), and the other, by Downing,

investigated the status of adult education programs in the

planetarium (20, pp. 134-135). Unfortunately, his analysis of

the application of adult learning principles in the planetarium

failed to evaluate whether or not they were really applicable

to the planetarium setting (67, p. 22). Finally, a 1972

article by Heyde summarized the current thought on good and

bad planetarium teaching, but this was still necessarily based

upon intuitive thinking (31). An excellent summation of the

value of the literature up to this point was provided by

Warneking when he wrote,
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Despite our own confidence in the program, we really
have little objective evaluation to assure us that the
programs are effective or to guide us in getting the
greatest possible learning value from the planetarium
and the programs presented in it (73, p. 14).

Empirical Planetarium Research

Most of the empirical studies of the effect of the plane-

tarium have been of the comparative type; that is, studies

which have compared the effectiveness of the planetarium to

the effectiveness of the classroom situation (67, p. 1). This

is the type of study that is now being scorned in other media

research, in favor of media attribute-interaction studies.

This is revealing in that it shows the relative lack of pro-

gress that planetarium research has made to this point. Smith

has written that the comparative studies of planetariums usu-

ally do not isolate any single factor as the critical variable.

Thus these studies have concluded either for or against the

planetarium, but have never provided information as to which

of the many factors operating there have assisted or retarded

the process of learning (67, p. 1). Much remains to be done

in formal evaluative research (67, p. 24) to determine which

environment is better for each specific concept or area of

concern, in order to construct a planetarium curriculum that

most efficiently promotes learning (67, p. 32).

This empirical work began with Tuttle's 1966 report-

ing of his studies. He taught astronomy units in the

planetarium with one group, andL in the classroom

- e" ; . , " , - 1 -. .-- , 1--l".6 , ! - - L , " - .I- , I jl , ;- 44P4 , - -,., - , , - -.- , -. ,- . ',4. .,
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with another. His pilot study showed significant differences

in favor of the planetarium's effects on achievement, but his

full study showed no significant differences (67, pp. 25-26),

Smith's 1966 study found the classroom significantly more ef-

fective than the planetarium (65, p. 887), and he suggested

that this may be due to the more familiar learning situation

in the classroom (67, p. 27). Rosemergy's 1967 study found no

significant differences in achievement among three teaching

arrangements. Two used the planetarium in conjunction with

the classroom and one used the classroom only (60, pp. 4959-

4960). Rosemergy's results are questionable, since his ar-

rangements did not allow the isolation of the planetarium as

a single variable (67, p. 28).

Two empirical studies were performed in 1968. One, by

Wright, used four different treatment groups to test achieve-

ment in astronomy in eighth-graders. She found those groups

who had attended the planetarium significantly higher in

achievement than those who did not, but found no differences

in achievement of the planetarium groups relating to special

preparation and follow-up activities performed by either the

classroom teacher or the planetarium lecturer (77, p. 507).

Another study of eighth graders by Soroka found achievement

of his planetarium group significantly greater than that of

his control group in the fields of space relations, astronomy,

and geography. Again, though, no isolation or analysis of

individual factors working within the planetarium for this

result was attempted (67, p. 29).

I- - i, -, I., - , j," I - , , 7- , , - j ,, .., , 1, A'. ,,
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Moving to the early 1 9 7 0's Reed found in a pilot study

comparing the planetarium to the chalkboardglobe method of

teaching astronomy that there was no significant difference

in achievement between the two groups (53)., In his full study

he found the chalkboardglobe method group significantly higher

in cognitive achievement and found no difference in affective

scores between the two groups C52, p. 4580). Another interesting

study of this period, by Guilbert, reported the successful scien-

tific designing of a standardized test in collegiate astronomy

concepts which can be demonstrated in the planetarium (30,

pp. 1537>1538). Two studies of this period used the planetar-

ium, but did not really measure anything about it, however.

One, by Battaglini, used it as an evaluative control to help

study the Science Curriculum Lmprovement Study (5, p. 4916).

The other, by Jamison, was a study of social attitudes of ad-

ministrators and community- leaders who used the planetarium

as a facility in which a program designed to change their

attitudes was presented C34, pp, 5439-5440).

Several studies, beginning with one by Dean and Lauck,

have sought to determine whether or not paper-and-pencil tests

were a valid measurement of the learning taking place within

the planetarium., Dean and Lauck taught one group in the plane-

tarium and the other using the chalkboard and celestial globe,

as Reed had done, but used a real-sky method of evaluation.

Their planetarium group achieved significantly more than their

control group at the .005 level, seemingly contradicting the

a* -a -- 11 14 1 -- - - . ,. 74 ' - - -
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findings of Soroka, Wright, Tuttle, Rosemergy, Reed, and Smith

(19, p. 54). Smith has written that this could be the result

of the many differences between the studies (67, p. 34). So

Smith performed a pilot study and then a full study to deter-

mine differences between paper-and-pencil and open-sky evalu-

ations. His pilot study showed paper-and-pencil evaluations

to be proper, and his full study showed that transfer from the

planetarium sky to the real sky did occur. Subjects learning

in the planetarium sky scored significantly more poorly than

the other groups on paper-and-pencil tests, but scored essen-

tially the same as the other groups in open-sky evaluation

(67, pp. 35-36).

There were several empirical studies during the early-

middle to middle 1970's. A 1973 study by Akey found a signifi-

cant increase in understanding of astronomical concepts in second

graders following a planetarium experience (2, p. 184). Another

1973 study by Sunal pertinent to this study found increased

student performance on higher cognitive and affective goals of

planetarium educators when the planetarium visit occurred dur-

ing the last half of the classroom unit and when it was used as

a reviewing agent (71, p. 1779). A 1975 study by Bondurant was

another that did not study the planetarium itself, but used

it to study possession of skills needed by fifth-graders to

identify constellations (7, p. 7828). A 1975 study by Ridky

of the "mystique effect" of the planetarium found that stu-

dents who had an extensive orientation to the planetarium
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before instruction actually began achieved significantly more

than did those who had no orientation (58, pp. 506-508). Ano-

ther study by Cottrillwhich utilized Flanders' Interaction

Analysis, found no significant differences in achievement in

planetarium students taught in a direct style versus those

taught in an indirect style (15, p. 7055). Finally, a 1976

study by Etheridge attempted to evaluate the capability of the

planetarium to simulate celestial motion, but only found a

positive relationship between performance on the post-test

and the subjects spatial ability, regardless of treatment

received (21, p. 2093).

These studies tended to be specific in that each of them

dealt with a particular question the investigator had regard-

ing his own situation or experience. Thus, there has gener-

ally been a lack of coordination in planetarium research, and

a lack of evaluation based upon broad program goals (70, p.

348). Noting the strongly divergent results of the studies

of the past few years, one reviewer has maintained that when

competent observers all advocate divergent views, it seems

likely that both sides, favorable and unfavorable to the plane-

tarium, have observed something valid about the situation. In

other words, both represent a part of the truth (70, p. 348).

There is a group of planetarium studies of recent years

that have special relevance to the proposed topic of this study

in that they have begun to address the issue of the effect of

the planetarium on the affective domain. Warneking wrote in
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1970 that the whole area of affective influences of the plane-

tarium needed to be examined (73, p, 15). Ridky's 1973 study

found, among other things, that of three different instruc-

tional groups, the group that received all instruction in the

planetarium was the only group that showed a positive change

in attitude toward astronomy (57, p. 6477). Writing about a

1973 follow-up study based upon his 1970 dissertation topic,

Reed noted that his findings suggested that the real value of

the planetarium might lie in the affective domain. He also

recommended that future research should lie in the direction

of investigating aspects of that hypothesis (55, p. 555). He

followed his own advice in this matter, in fact, and in 1975

reported results of his pilot study on the affective effect

of the planetarium on college students' scheduling of an

astronomy course. While he admitted the weaknesses of his

comparative survey technique, he defended the study as a mere

beginning of the investigation of the topic, and maintained

that it bore some testimony indicating that the planetarium

environment has a positive effect in the affective domain.

It seemed to help create interest or motivation (54, pp. 716-

719). He again called for more work on the affective effects

of the planetarium in order to gain a full understanding of

its effects on students, and in order to gain its optimum use

(54, p. 720). Mergler has agreed with Reed's suggestions re-

garding the value of the planetarium in the affective domain,

and noted that students are stimulated and motivated by
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planetarium instruction. He further noted that their recep-

tivity is reflected in "spin-off" study projects C43, p. 592).

Sunal has also agreed that the special benefit of the plane-

tarium would seem to be producing change in the affective area,

if in any area (70, p. 348).

The most recent, and pertinent, study of the affective

effects of the planetarium was a 1976 doctoral dissertation by

Burnette. He sought to find out if a new earth-space science

program utilizing a planetarium had a significant effect upon

the attitudes of fourth-, seventh-, and eighth-grade students

toward the study of astronomy. A secondary purpose was to

find out if the new program was associated with improvement

in knowledge of selected astronomical concepts. Students se-

lected for the study took author-produced interest surveys

and a comprehensive earth-science test. The control for the

study was the use of measurements taken the year before, when

"conventional" science had been taught. Results were favor-

able. Fourth-graders showed moderate knowledge gains, but

showed inconclusive findings regarding attitudes. In contrast,

junior high students indicated significant improvement in both

knowledge and attitudes Q9, p. 5726). t appears, however,

that in addition to the use of the planetarium, Burnette was

also measuring the many factors of a whole new science curricu-

lum. Thus it would he impossible to attribute the significant

gains in knowledge and attitudes to the planetarium alone, since

It was not experimentally isolated. Also, one must question
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Burnettets control group. Can it really, be assumed that the

previous year's class was equivalent to this year's class?

This could mean faulty experimental control, although he did

take the precaution of using large samples. Finally, one must

question the length of his' attitude surveys. Six items for

the fourth-graders, and seven items for the seventh- and eighth-

graders- would appear to be too brief to allow a complete mea-

surement., Thus this study underscores the trend toward re-

search in the affective effects of the planetarium, and the

fact that much more work is still needed.

Literature on Attitudes, Motivation, and Achievement

The nature of the relationship between students' attitudes

and their level of achievement is relevant to this study. Many

noted educators and psychologis-ts have traditionally maintained

that attitudes influence the learner by giving him a predisposi-

tion to learn (59, p. 8). For example, Hunter has written that

good teaching always starts with pupils' motives and interests,

and leads toward higher levels of interest. He has maintained

that '"There is little change until the learner is ready and

willing to become actively involved.)' (32, p. 337). In re-

viewing the literature on motivation, Campanelle has indicated

that research says motivation aris-es from the need to achieve,

from identification with a person or persons who have gone to

college or done well in school, from social pressures on the

individual, and from intrinsic pleasure in learning C10, p. 311).
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However, despite the strong, "commonsense" feeling of the

important relationship between students' attitudes and achieve-

ment, empirical research results on this question have been

inconsistent (59, p. 8).

Indeed, investigation of the need to achieve has moved

in the direction of examining what has been increasingly per-

ceived as a complex relationship between this and many other

variables presumed to be related to motivation (62, p. 567).

Carmical has described many of these variables, which include

reading ability, mechanics of expression, average number of

study hours, differing interests and preferences of students,

values, self-concept, and goal aspiration (11, pp. 114-115).

Shaw has also emphasized the relationship between self-concept

and academic achievement (62, p. 569), and has also noted that

two broad types of environmental influence on achievement moti-

vation have been studied. The first type consists of immedi-

ate environmental factors specific to a given learning situa-

tion, and the second type consists of the influence of the more

pervasive environment, This second type of influence includes

such- factors as social status family, and peers (62, p. 571).

Mallinson conducted a six.year study along this line C40).

He was trying to identify the factors relating to achieve-

ment in science in the secondary school, and found many,

although- no single factor was so influential as to negate the

importance of others (40, p. 167). Some factors that he found

important to science achievement included depth of exposure to
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science at the middle school level, the number of graduate

hours in science training of the teachers, reading ability,

degree of adjustment to school, and interest and aspirations

of parents for their childrens' education. He found only a

moderate relationship of mental ability to science achieve-

ment (40, pp. 167-171).

In spite of this increasing complexity of the literature

on motivation and achievement, the most relevant question to

consider for this study was the relationship between students'

attitude or motivation to achieve, and their actual achieve-

ment levels. A number of studies can be found which report no

significant relationship between these variables. Aiken and

Aiken have stated that the literature yields correlations be-

tween teachers' and students' attitudes that are typically not

very high (1, p. 299).. Robinson has also maintained that most

studies, despite inconsistencies, do not find high correlations

between attitude and achievement (59, p. 8). Gilbert and Cooper

found no significant relationships between teachers' feelings

of competency in teaching sixth-grade mathematics and their

attitudes toward teaching mathematics, and their students

attitudes and competency level in mathematics (29, p. 474).

In a study involving a large sample of fifth-graders, Faust

found no significant correlations between attitude toward

and achievement in various subjects (22, pp. 2752-2753).

Robinson has gone so far as to argue that ". . . empirical

evidence on the relationship between attitudes and cognitive
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behavior indicates that the intuitively logical relationship

frequently does not exist." (59, p. 3).

Other researchers who have found less than promising re-

sults on the relationship between attitude and achievement

have not chosen to make these sweeping negative statements.

For example, Alvord found that a low positive relationship

between science achievement and attitude toward science exists

throughout a pupils' public school career, regardless of sex,

home background, and parents' level of education. These cor-

relations suggested that from one to five percent of an indi-

vidual's science achievement score was attributable to attitude

toward school. Alvord interpreted this as meaning that over-

stressing affective gain activities is not worth the time, in

terms of improving achievement (4, pp. 36-38). Finally, after

reviewing research on motivation toward learning in school,

Frymier and Thompson have concluded that motive to achieve in

school is fairly constant: subject to change, but only slowly,

over an extended period of time (25, pp. 568-569).

Other studies have had more positive conclusions regard-

ing the relationship between attitude and motive and achieve-

ment. Carmical has maintained that achievement is goal-oriented

and directly related to motive, which is primarily of intrinsic

origin, but may also result from extrinsic forces (11, p. 118).

Gilbert and Cooper found that significant relationships between

student competency in mathematics and attitude toward mathe-

matics were present in rural, but not in urban, schools that

they sampled (29, pp. 473-474). Shaw has noted that one result
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that has emerged from the few studies of teachers' effects

upon motivation is that the students' feeling comfortable in

the learning situation is associated with both higher motiva-

tion to learn and better learning outcomes (62, p. 576). In

this same vein, a study by Phillips found evidence that the

teachers' attitude toward arithmetic is significantly related

to students' attitude and achievement in arithmetic. This was

not clear if only the student's most recent teacher was con-

sidered, but was clear when the student's previous two of

three or three of three teachers possesses favorable attitudes

(51, pp. 506-507). Shepler has found that on the same levels

of mental ability, student accomplishment in science increases

with an increase in degree of subject preference, and that on

the same levels of subject preference, student accomplishment

in science increases with an increase in mental ability (63,

p. 1376). Also, Merritt has found a significant relationship

between science interest level and the discrepancy between

school aptitude and academic achievement in physics, chemis-

try, and mathematics (44, p. 63).

Other studies have been reported that suggest that the

school environment or curriculum can be manipulated in ways

that can change and maximize student attitude and achievement.

A study by Mitchell on the effect upon students of the impact

of high schools' learning environments found that highly dif-

fering environments did create significant differences in

students' needs, attitudes, and achievement (45, p. 1).

Waterman, Northrop, and Olson found group motivation techniques

tal
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significantly superior to individual motivation techniques

in raising performance levels, and noticed that both groups sig-

nificantly raised their performance levels (74, pp. 376-379) .

Locke's study of the role of intention in relation to level

of performance found that the higher the level of intended

achievement, the higher was the level of performance attained

(39, p. 66). Hedley found a more positive attitude toward

the science-text materials in a group of tenth grade students

who were using an innovative new text than in a control group

of students exposed to a more traditional program (1, p. 301).

A study by Simonson found that college-age subjects in experi-

mental groups had their attitudes changed significantly in a

more pQsitive direction. These attitudes remained improved

after two months, although required levels of significance

were not reached, Achievement improvement did occur, though

again not at significant levels. Also, Simonson found, inter-

estingly, that subjects who expressed positive attitudes to-

ward the instructional activities of his course on the first

day of class achieved significantly better than did subjects

who initially expressed more negative attitudes (64, pp. 165-

169). The most elaborately designed of this series of investi-

gations was that of Lowry. The study involved 335 fifth gra-

ders divided into experimental and control groups which were

matched for Iq at each of three socioeconomic levels. The

experimental group received an innovative course of study,

while the control group received a more traditional one.
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Among the results were significant changes in attitude toward

science in the experimental group, but not in the control

group, at each socioeconomic level (1, p. 301).

Other reviewers and researchers, perhaps most judiciously,

have been more neutral in their conclusions regarding the re-

lationship between attitude, motivation, and achievement.

Cattell and others found that abilities, personality traits,

and motivational traits all contribute equally to the

variance of scholastic achievement, and that they mutually

overlap in variance to only about one-third (12, p. 1). Aiken

and Aiken found attitude toward science to be related to intel-

ligence in high school seniors, but they cautioned that this

does not necessarily imply that students with negative atti-

tudes will make low grades. Too, they warned that an ex-

tensive background in science does not guarantee a positive

attitude toward the subject (1, p. 298). Shaw has noted that

the concept of motivation itself appears to be changing. While

the concept of drive level persists, it is clear that

". .. those who have conducted research in this area now per-

ceive that a host of variables, each one of which is in itself

complex, are involved." (62, p. 578).

Authors have also pointed to problems in experimental

procedures that could, in part, be responsible for the incon-

clusive nature of the literature on the relation of attitudes,

motivation, and achievement. Robinson has cautioned that the

outward expression of an attitude and the actual inclination
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of feeling of a subject are not always congruent. The sub-

ject might be hiding his true feelings because of social pres-

sures of the situation in which he expresses his feelings.

Too, Robinson has cautioned that attitude assessment is dif-

ficult since expressed attitudes may be quantitatively the

same while being qualitatively dissimilar (59, p. 4). Shaw

has quoted a study by Rotter that has important implications.

Rotter found that individuals who perceive a learning situa-

tion in which outside forces determine the reinforcements are

less likely to raise their expectancies for future reinforce-

ment, even folQwing success, They are also less likely to

lower their expectations as much after failure. Shaw noted

that these findings cast a new light upon studies where suc-

cess and failure have been experimentally manipulated (62,

pp. 570-571). Perhaps the most judicious statement that can

be made regarding the empirical evidence of the relations be-

tween attitude, motivation, and achievement parallels the

statement made by Gilbert and Cooper regarding the literature

on relationships between student and teacher attitudes and

student competency levels, The findings are inconclusive

(29, pp. 469-470).

Perhaps conclusive answers to the questions regarding

these relationships will be forthcoming as a result of the

new trend in psychological research based upon attribution

theory. Attribution theorists investigate the perception of

causality, or the judgment of why a particular incident
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occurred. The allocation of responsibility for an occurrence

by a subject will guide his subsequent behavior (75, p. 203).

Weiner has noted that the effects of these attributions on

achievement striving could be of central importance (75,

p. 203). His position was that it is reasonable to speculate

that achievement strivings are in part determined by causal

attributions, and that differences in achievement needs are

related to differences in perception of causality (75, p. 206).

For example, according to attribution theory, individuals high

in achievement motivation ascribe success to high ability and

positive effort on their part, and failure to a lack of effort

on their part. On the other hand, persons low in achievement

needs perceive that outcome is only weakly influenced by how

hard they have tried. They do believe, however, that personal

failure is caused by a lack of ability (75, p. 207). Thus

persons high in achievement needs can anticipate future suc-

cess after a failure by planning to work harder, while persons

low in achievement needs cannot anticipate future success

after a failure, since they ascribe the failure to a lack of

ability, which they cannot easily or immediately increase.

Hence, goal striving by the low-achievement-need person ceases

(75, p. 208).

Research has been reported which supports this attribution

theory of the motivation to achieve. Kukla has reported

the results of an experiment which showed that subjects who

differ in achievement level also differ in their manner of
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accounting for their outcome at a task. Following attribution

theory, high achievers more frequently attributed their suc-

cesses or failures to the degree of effort expended than did

either intermediate or low achievers, while intermediate

achievers ascribed outcome to luck more often than either of

the extreme achiever groups (38, p. 166). Also, a study by

Breit had results which supported an attributional analysis

of achievement motivation (8, p. 539). Thus it might be

that the growth of achievement motivation is contingent upon

the learning of cognitive structures which represent the

causal importance of effort (75, p. 209). This emphasis upon

attribution theory appeared to this researcher to be the cur-

rent thrust in research on achievement and motivation, and

also suggested that students who perform at differing achieve-

ment levels might differ in their attitudes or in the reasons

behind their attitudes. Thus the value of investigating the

effect of the planetarium experiences upon the expressed atti-

tudes toward astronomy of groups differing in their level of

science achievement becomes obvious.

Motivation in Teaching and Learning

Carmical has written that one facet of motivation is an

external one to the individual. A motivating condition orients

a student toward a given task, defines the task involved, and

leads to the completion of the task (11, p. 116). Hunter

has called motivation the "key word in teaching." (32, p. 337).

Maintaining that the individual must be motivated if he is to
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learn, he stressed that good teaching starts with pupils'

motives and interests, makes continued constructive use of

interests, and ends with higher levels of interests (32,

p. 337). Both Hunter and Carmical have also stressed that

students differ in their reactions to a specific learning

activity, as a result of their differing predispositions,

needs, and values (32, p. 339; 11, p. 115). Thus the task of

the teacher is one of helping students see that their learning

experiences are related to the needs and values associated

with their own basic drives and interests (32, p. 340).

Since studies have been reported which showed that a

classroom and a curriculum can be manipulated in ways to posi-

tively effect students' attitudes (1, 4, 72), it would seem

that Hunter's statement that variety in teaching techniques

and procedures enhances motivation (32, p. 341) would be valid.

This allows the teacher to attend to the students' differing

patterns of motivation, as has been shown by the research dis-

cussed earlier on motivation and achievement and on attribu-

tion theory.

One way that a teacher can attempt to create additional

interest or motivation in the classroom is through the use of

educational technology, or media. McClelland has noted that

educational media can be used to present information simply,

clearly, and vividly so it can be better understood (41,

p. 11). Hunter has stated that students' interest and under-

standing will be increased by teaching that provides variety
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and extensive sensory experience (32, p. 341) such as media

can provide. McClelland also said that educational technology

can serve as a means to get the attention of the students, so

that they can receive the teacher's educational messages (41,

p. 12). It gains the attention of the student by presenting

stimuli which are moderately different from the expected (41,

p. 12). Research by Moldstad (46) and by Vickers, mentioned

earlier, seems to confirm this line of thought. Vickers found

that students taught English by a method that included extensive

use of media were significantly higher in attitude and achieve-

ment than were other groups (72, p. 1425). McClelland has found

that extreme cases have been helped in his motivation program

by removing them from their familiar environments so that they

may be totally immersed in a new situation where all sorts of

educational technology can gain their attention (41, p. 12).

These studies appear similar to the planetarium experience

investigated in this study. The planetarium is an extensive

collection of sophisticated types of educational media

brought together under one roof. Thus it seems logical, based

upon writings and research on motivation on media in general,

and on planetariums specifically, that they should be able to

play a significant role in motivating students. Attribu-

tion theory suggests that the role of individual differences

could be important in students responses to the planetarium.

Thus comes the advisability of studying the reactions of high-

middle-, and Low-achieving students to the planetarium
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experiences. The relationship of motivation to subsequent

achievement is still somewhat inconclusive, but motivation,

or attaining a positive attitude toward course content, is an

important goal of education in itself (32, 64). It is a goal

that should not be minimized. Simonson has argued that the

affective growth of students is as important as achievement

gain, and that researchers should provide the teacher with

techniques for improving both (64, p. 169). The planetarium,

used to its best effect in relation to classroom presentations,

could be a real possibility in helping the teacher in both

these areas.

Summary and Conclusion

In conclusion, the work done by many investigators was

reflected in the problem of the present study. It was an ex-

tension of work done and suggestions made by Warneking, Reed,

Ridky, Sunal, Mergler, and Burnette regarding research into

the effects of the planetarium on the students' affective do-

main. It also extends work regarding Sunal's finding of in-

creased performance on cognitive and affective goals when the

planetarium visit is made in the last half of the classroom

unit, and when used as a reviewing agent (70). In analyzing

the effect of the planetarium upon students of differing achieve-

ment levels, it reflects the work being done on attributional

differences across achievement levels. It also underscores

statements made by Hunter, Simonson, and McClelland regarding

the importance of motivation as an educational goal.
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CHAPTER III

PROCEDURES FOR GATHERING AND TREATING THE DATA

Introduction

During the spring quarter of the 1977-1978 academic year,

eighth grade students in the Mesquite Schools received their

first teaching exposure to the district's new planetarium.

Surveys revealed that a number of the students had attended

an optional "open house" demonstration of the facility, but the

visit in the spring of the year, in conjunction with their re-

quired earth-science classes, was their first visit tied to a

learning situation. Additionally, a number of students had

visited museum planetariums, but many of the students had never

visited any planetarium prior to the spring quarter of 1977-

1978. This relative lack of past history of planetarium visi-

tations by the students made this period of time an opportune

one in which to conduct research relating to measuring the

effect of the planetarium experience on the students.

The Planetarium Program

The planetarium program that was used in the study was

"The Legacy," a nationally distributed lesson on astronomy,

our solar system, and space travel that was produced by

the Hansen Planetarium of Salt Lake City, Utah, with the aid

of the National Aeronautics and Space Administration. Since

46
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this program is currently in use in planetariums throughout

the country, the findings regarding its effects upon the af-

fective domain of the students in relation to various modes

of classroom presentations should have wide applicability.

The program was presented in two separate lessons, each of

approximately forty minutes in length. These two lessons

were taped and automatically preprogrammed, so there was no

variation in the presentations from group to group. Two or

three classes at once were brought into the planetarium facil-

ity for each presentation until each eighth-grade earth-science

class had seen each portion of tThe program. A complete script

and description of special effects and music used with the

programs is included in the appendix in order to aid other

researchers in ascertaining just what variables were present

in the lessons.

The Classroom Curriculum

The classroom work that was done by the subjects centered

upon an astronomy unit entitled "The Universe" that was con-

tained within their earth-science textbook. The textbook was

Pocus on Earth Science (1). The unit contained three chapters.

The first chapter, entitled "The Solar System," contained in-

formation on sky mapping, motions in.the universe, the celes-

tial sphere, the sun, asteroids, comets, meteors, meteorites,

------ ---- ----
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meteoroids, and all the planets. The second chapter, en-

titled "The Moon," contained information on the moon's pro-

perties, motions, origin, surface features, the earth-moon

system, and travel to the moon. The final chapter was en-

titled "Stars and Galaxies," and contained information on

radiant energy, stars, galaxies, radio sources, optical tele-

scopes, and radio astronomy.

The text appeared to be a traditional approach to the

subject. The authors did emphasize problem-solving and the

importance of observation and experimentation in the develop-

ment of scientific principles, however. Each chapter in-

cluded suggested activities to demonstrate appropriate prin-

ciples and concepts, and a number of self-study aids for the

student. These aids included a summary of main ideas, a

variety of questions, and a bibliography at the conclusion of

each chapter. Concepts were highlighted in the margins, and

photographs, tables, and drawings were employed to assist the

students in understanding the material. Teachers were free

to employ additional materials, their own experience and

expertise, and their own preferences in presenting the material.

The Population

The population studied consisted of Mesquite eighth-gra-

ders who were members of either high-, middle-, or low-achiev-

ing groups in terms of science achievement. Scores used in

determining these groups were provided by the administration

of the Mesquite Schools, and consisted of percentile rankings
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in science achievement from the SRA Achievement Battery, given

to all the students in the spring of 1976. Students who scored

from the eightieth to the ninety-ninth percentile in science

achievement were assigned to the high-achievement group for

the study. Students who scored from the fortieth to the six-

tieth percentile in science achievement were assigned to the

middle-achievement group for the study. Students who scored

from the first to the twentieth percentile in science achieve-

ment were assigned to the low-achievement group for the study.

Thus, all eighth-grade students in the district for which scores

in these three categories were available comprised the total

population from which groups were randomly selected to par-

ticipate in the study.

The Instrument

The instrument used for measurement in the study was

specially constructed for the study. This course of action was

the only alternative to insure the use of an instrument that

asked affective domain questions pertaining to the study and

uses of astronomy. The instrument was a Likert-type scale,

which allowed responses to be condensed into a numerical score

(4, p. 442). Items offered the respondent differential choices,

with each response representing a predetermined value. For ex-

ample, a "strongly agree" was worth five points, an "agree" was

worth four points, "undecided" was worth three points, "disagree"

was worth two points, and a "strongly disagree" was worth one

point. Each item thus gave an empirical comparison of differing
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attitudes (5, p. 443). The score that an individual receives

on a Likert-type scale is the sum of the scores he receives on

each item. For example, on a scale containing twenty-five

items, as did the final form of the instrument used in this

study, the most favorable score would be 125 points (5 x 25);

the lowest possible score for those subjects completing all

twenty-five items would be 25 points. This amount would repre-

sent the least favorable attitude (4, p. 220).

In constructing the Likert-type scale, an attempt is made

to develop items which correlate perfectly with total scores

obtained by a trial group of respondents. In other words, the

instrument must be as internally consistent as possible, so

that all items measure the same attitude (4, p. 220). Sax has

noted that the most defensible method of determining which items

should be retained and which items should be eliminated is to

correlate the item score with each individual's total score. The

final questionnaire is then composed only of those items which

correlate most highly with the total score. This elimination of

items that have low correlations or negative correlations with

total scores assures inter-item reliability (3, p. 220).

This process for obtaining an instrument of good inter-

item reliability was followed by the researcher in order to

construct the Likert-type scale that was used in this study.

An initial form of the instrument which contained fifty-eight

items was given to a trial group of fifty-one ninth-graders

from several general science classes at Mesquite High School.

Item-test correlations were then calculated, using Pearson's r
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for each of the fifty-eight trial items. Calculations using

Cronbach's alpha indicated an inter-item reliability of 0.967

for the initial form of the instrument. Items with correla-

tions of 0.50 or above were kept for the final form of the

instrument, and the other items were rejected.

An analysis of the final twenty-five item form of the

instrument was then performed. The scored distribution showed

scores ranging from the 40.00 to 114.99 categories in the fre-

quency distribution.

TABLE I

TOTAL SCORE DISTRIBUTION

Score Cumulative Z Standard
Range Count Percentage Percentage Score Score

40.00-44.99 2 3.92 3.92 -2.45 25.50
45.00-49.99 0 0.00 3.92 -2.14 28.60
50.00-54.99 2 3.92 7.84 -1.83 31.69
55.00-59.99 0 0.00 7.84 -1.52 34.78
60.00-64.99 6 11.76 19.61 -1.21 37.87
65.00-69.99 2 3.92 23.53 -0.90 40.96
70.00-74.99 9 17.65 14.18 -0.60 44.05
75.00-79.99 3 5.88 47.06 -0.29 47.14
80.00-84.99 6 11.76 58.82 0.02 50.23
85.00-89.99 7 13.73 72.55 0.33 53.32
90.00-94.99 5 9.80 82.35 0.64 56.41
95.00-99.99 3 5.88 88.24 0.95 59.50
100.00-104.99 4 7.84 96.08 1.26 62.59
105.00-109.99 0 0.00 96.08 1.57 65.68
110.00-114.99 2 3..92 100.00 1.88 68.77

This distribution of scores yielded a curve that closely

approximated the normal curve, although it was slightly skewed

to the left. The shape of the resulting curve is more clearly

illustrated in Figure 1.
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Score Range

40.00-44.99 ####
45.00-49.99
50.00-54.99 ####
55.00-59.99
60.00-64.99 ############
65.00-69.99 ####
70.00-74.99 ##################
75.00-79.99 ######
80.00-84.99 ############
85.00-89.99 ##############
90.00-94.99 ##########
95.00-99.99 ######
100.00-104.99 ########
105. 00-109.99
110.00-114.99 ###

Percentages

5% 10% 15% 20% 25%

Fig. 1--Frequency Distribution of Scores (#=1%)

The curve has some gaps at the 45.00-49.99, 55.00-59.99,

65.00-69.99, 75.00-79.99, and 105.00-109.99 levels. These gaps

detract from the generally normal appearance of the curve.

The item-test correlations, using Pearson's r, were again

computed for the final twenty-five item form of the instrument.

The correlation coefficients for each of the twenty-five items

appearing in the final test form are shown in Table II. The

correlations for the final form of the test all remained above

0.30, except for that of item number nineteen. Its correlation

coefficient fell from 0.632 to 0.048 after the initially low-

correlated items were dropped. Nonetheless, the decision was

made to keep item nineteen in the instrument, since Cronbach's

alpha showed the inter-item reliability for the final twenty-

five item form to be 0.9178, a satisfactory figure for an ex-

amination to be used for testing group responses (4, p. 165).
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TABLE II

FINAL FORM TEST ANALYSIS AND
ITEM-TEST CORRELATION

Item Mean Standard Deviation Correlations

1 3.784 1.083 0.602
2 2.686 1.191 0.597
3 2.314 1.273 0.591
4 3.275 1.185 0. 701
5 3.902 1.118 0.618
6 3.137 1.184 0.658
7 3.294 1.137 0.782
8 2.902 1.171 0.490
9 3.157 1.084 0.605

10 1.333 0.476 0.700
11 3.784 1.083 0.602
12 2.843 1.302 0.360
13 4.176 1.126 0.503
14 3.902 1.118 0.618
15 3.000 1.149 0.323
16 3.373 1.166 0.319
17 3.941 0.968 0.413
18 3.412 1.080 0.407
19 2.549 0.879 0.048
20 3.608 1.078 0.557
21 3.196 1.296 0.465
22 2.373 0.958 0.636
23 3.569 0.985 0.559
24 3.235 1.159 0.800
2-5 2.882 1..336 0.538

A final step in designing the instrument was to determine

what specific affective factors it was measuring. In order to

determine this, a factor analysis was performed on the data.

The method of factor analysis reduces the original set of

variables, called factors, which are amenable to interpretation.
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The varimax method of rotation performed upon the trial group

data in its final form produced seven factors within the in-

strument, the final form of which is included in the appendix.

The first factor was the feeling that the student would like

to work in a space-related job, that astronomy should be part

of a required course, that they look forward to studying astro-

nomy, and understand it well. This interpretation was suggested

as a result of the fact that items 8, 3, 25, 22, 18, 7, 4, 9,

and 10 loaded highest on this factor. The respective correla-

tion coefficients for these items were 0.74975, 0.74723,

0.73491, 0.64675, 0.56780, 0.54917, 0.51296, 0.51121, and

0.46380. The second factor was the feeling that astronomy is

not interesting or enjoyable, and that the respondents did not

wish to learn more about astronomy on their own. The highest

loadings occurred for items 5, 14, 13, 9, 24, and 7, the co-

efficients of which were -0.89712, -089712, -073624, -0.45244,

-0.44535, and -0.40495. The third factor was the feeling that

astronomy is important and valuable. The highest loadings

occurred for items 1, 11, 23, and 16, the coefficients of

which were 0.90915, 0.90915, 0.53662, and 0.45050. The fourth

factor was the feeling that it is not interesting to find out

the names of the stars, but that the respondents look forward

to earth-science class when they are studying astronomy. The

highest loadings occurred for items 15, 19, and 16, the coeffi-

cients of which were -0.79342, -0.69912, and 0.54725. The

fifth factor was the feeling that astronomy is important,
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interesting, and valuable, and that the respondents want to

learn it. The highest loadings occurred for items 21, 20, 23,

and 13, the coefficients of which were 0.74363, 0.69896, 0.56297,

and 0.46136. The sixth factor was the feeling that it is in-

teresting to find out the names of the constellations, and that

the respondents look forward to studying astronomy. The highest

loadings occurred on items 17 and 16, the coefficients of which

were 0.84873 and 0.41838. The final factor in the instrument

was the feeling that knowing astronomy is important, and that

the respondents like to read and study about it. The highest

loadings occurred for items 12, 2, 6, and 7, the coefficients

of which were 0.81997, 0.67883, 0.49223, and 0.44389.

The Design of the Study

A relevant factor that had to be considered in determin-

ing the design of the study was the effect of scheduling dif-

ficulties on the planetarium presentations. Since the Mesquite

planetarium must serve students from grades three through

twelve, the only time during the year that the eighth-grade

astronomy programs that were utilized in the study could be

presented was in the third quarter of the academic year. Since

earth-science was a two-quarter cours e that was taught during

all three quarters of the school year, some of the classes re-

ceived the planetarium lessons while they were studying astro-

nomy in the regular classroom, and others received the lessons

after they had completed their studies on astronomy in the

regular classroom. This time-lapse difference could have

affected the subjects' attitudes, and thus had to be considered

in the design of the study.
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Another relevant factor that had to be considered in the

design of the study was the fact that no control over the plane-

tarium schedule and curriculum was possible. This fact made it

impossible to isolate a true, "clean" control group that would

not be permitted to view the planetarium lessons and then be

given the instrument concurrently with other groups that had

seen the lessons. Thus, these conditions negated the possibil-

ity of utilizing a true experimental design, such as those

listed by Campbell and Stanley (2). Creating a group whose

attitudes were to be measured before they were scheduled to

view the planetarium lessons and then measured afterward was

all that could be done. This action was taken in order to in-

ject at least some element of comparison between groups exclu-

sively measured after the planetarium lessons and one measured

at least partially without the influence of the planetarium

lessons. The group measured before exposure to the planetarium

lessons was chosen from the students who had already completed

the study of astronomy in their earth-science courses by the

time of the planetarium lessons.

The research design that was used in the study is graphi-

cally portrayed in Figure 2.

The R that appears before each of the three groups at

each of the three achievement levels indicates that the groups

were randomly selected samples drawn from the population of

the low-, middle-, and high-achieving eighth-graders in each

of Mesquite's five middle schools. At each achievement level,

treatment X consisted of the planetarium programs viewed by
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treatment group one, a group of subjects that were studying

astronomy in the classroom at the time of the study. Treat-

ment X consisted of the planetarium programs viewed by treat-
2

ment group two. At each achievement level, treatment group

two consisted of students who had already completed their

classroom work in astronomy at the time of the study. Treat-

ment X consisted of the planetarium programs viewed by treat-
3

ment group three at each achievement level. Treatment group

three consisted of students who had already completed their

classroom work in astronomy, also. The difference between treat-

ment groups two and three at each achievement level was in the

method that was used in testing their attitudes toward astronomy.

R X 0 0

R X2 02 05 High-Achievement
Groups

R 03 X3 06

R X 0R x1 0 1 0 4

R X 0 0 Middle-Achievement
Groups

R 0 X 0
3 3 6

R X 0 0R x1 1 1 0 4

R X 0 0 Low-Achievement
Groups

R 03 X3 06

Fig. 2--Research Design for the Study
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Each attitudinal measurement, or test, is referred to

as an observation in Figure 2. The nature of 01, 02, and 03

at each achievement level was an initial test of the treatment

groups' attitudes. 01 at each achievement level consisted of

the observation of treatment group one's attitudes toward

astronomy immediately following their exposure to the last of

the two planetarium lessons. 02 at each achievement level

consisted of the observation of treatment group two's atti-

tudes toward astronomy immediately following their exposure

to the last of the two planetarium lessons. 03 at each achieve-

ment level consisted of the observation-of treatment group

three's attitudes toward astronomy immediately before their

exposure to the first of the two planetarium lessons. As pre-

viously noted, the fact that group three at each achievement

level was initially measured before their exposure to the

planetarium, while the group two at each level received its

initial measurement after their exposure to the planetarium

lessons was the only difference between them. Both groups two

and three at each level consisted of students who had com-

pleted their classroom work in astronomy earlier in the school

year.

The nature of 04, 05, and 06 was basically that of a re-

tention test. In other words, these observations allowed the

ability to test the stability of the affective measurements

across time. At each achievement level, 04 consisted of the

retention test given to treatment group one. At each achieve-

ment level, 05 consisted of the retention test given to
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treatment group two. Finally, at each achievement level, 06

consisted of the retention test given to treatment group

three after their exposure to the planetarium lessons.

Selection of the Sample

The groups studied were created through the use of random

sampling, which provides the equiprobability of each popula-

tion member's being included in the sample (3, p. 121). The

list of all the available science achievement scores for the

eighth grade was used to create three lists of all those

students who fell into the high-, middle-, and low-achievement

categories. These three lists were compared with the enroll-

ment records of all five Mesquite middle schools to eliminate

those students on the lists who had left the district since

the time of the achievement testing, and to locate the remain-

ing students by their present school. Then, conferences with

school officials and teachers at each of the five middle schools

produced information as to which students were studying astronomy

during the first, second, and third quarters of the school year.

This information was used to create the final master lists of

high-, middle-, and low-achieving students who studied astronomy

in the first, second, and in the third quarters. Students

in these six lists were alphabetized and assigned numbers on

that basis, and then a table of random numbers was used to

select each of the sample groups for the study.

The initial size of each sample group that was selected

was fifty students. A sample size of thirty or more in an
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experimental design is usually considered to be a large sample,

statistically (3, p. 139). Thus any sample size was accept-

able as long as the sample sizes did not fall below thirty in

each treatment group as a result of attrition. The initial

sample size of fifty, then, was deemed to be sufficiently

large enough to insure that the final number in each group

did not fall below thirty.

Collection of the Data

Procedures used in collecting the data were held as con-

stant as possible, but were partially affected by the existing

situation in one school. It was determined that students who

received their classroom instruction in astronomy during the

first and second quarters were located in four of the five

Mesquite middle schools. Thus students for treatment groups

two and three were scattered among four schools, which made

relatively small groups to receive the instrument at each

observation period. In these schools, each administration

of the instrument was given personally by the investigator

in special meetings of the randomly selected students. The

meetings were usually held in the respective schools' cafe-

terias during the morning hours. Standardized instructions

were used at each of these administrations of the instrument.

The procedures used for collecting the data for treatment

group one differed somewhat because it was determined that

all of the students in the Mesquite District who were receiv-

ing their classroom instruction in astronomy concurrently with

----------- -------- ---
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their exposure to the planetarium lessons were located in the

same school. As a result of the relatively larger number of

students involved in the study at that school, considerable

disruption of that school's classes would have occurred if

special meetings of the subjects had taken place. The deci-

sion was made to utilize the three earth-science teachers at

that school to collect the data. They were informed about

the study by the investigator, and were given uniform instruc-

tions and the materials they needed to administer the instru-

ment to the randomly selected students in their classes.

Therefore, the procedures used in collecting the data differed

somewhat for treatment group one, but this situation still

allowed a relatively greater amount of standardization of

conditions under which responses were given than would be

possible in a situation in which respondents receive a

questionnaire by mail.

The data were collected at certain uniform time intervals

throughout the study. Initial measurements for all students

in treatment groups one and two occurred on the first school

day after the students at an individual school involved in

the study had completed seeing the second planetarium lesson.

The initial measurement for those in treatment group three

occurred during the week prior to the students' first sche-

duled visit to the planetarium. The retention tests for treat-

ment group one and two occurred exactly three weeks after

the initial measurement had been taken. The retention
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test for treatment group three was given at the same time as

the other retention tests, but since their initial measurement

occurred prior to their visits to the planetarium, the elapsed

time between the first and second measurements was slightly

longer. It should be noted at this point that the original

intention had been to have a five-week period between the ini-

tial and the retention tests in the study, but changes in the

planetarium schedule, coupled with the impending end of the

school year, forced a reduction of the time interval to three

weeks.

Treatment of the Data

The 3 x 2 analysis of variance for repeated measures and

unequal group sizes was utilized in the analysis of the data.

This statistical method was chosen because the assumption of

having interval level data was made (3, pp. 15-16), because

of the differing character of the curricular patterns in the

three treatment groups, and because of the time intervals and

retention tests involved in the study (3, p. 223). The rows

in the analysis of variance corresponded to the treatment

groups, and the columns corresponded to the initial and the

retention tests.

Any significant differences revealed by the analysis of

variance were further explored by running a Scheffe F test

method of multiple comparisons. This method was chosen be-

cause the Scheffe test is more rigorous than other multiple

comparison methods with regard to Type I error, and because
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unequal sample group sizes cause no problems with this method

(3, p. 271). A separate 3 x 2 analysis of variance for re-

peated measures and Scheffe test were carried out for each of

the achievement levels-high, middle, and low. This procedure

for data analysis permitted the testing of the significance

of the differences between the treatment methods (hypotheses

one through three), the testing of the significance of the

differences between the initial and retention tests (hypotheses

four through six), and the determination of the possible causes

of significant differences through the Scheffe tests and through

manual inspection and analysis of the raw data.

Summary

An author-designed Likert-type instrument with an inter-

item reliability of 0.9178 was used to measure the attitudes

toward astronomy held by a random sample of high-, middle-,

and low-achieving eighth-grade students when they were exposed

to a planetarium program in conjunction with classroom work in

astronomy, or as a review activity following the completion

of classroom work in astronomy. The design of this study

included three treatment groups and two measurements for each

treatment group at each level of achievement studied. Data

were gathered by the use of special in-school meetings of

the subjects with the investigator, except for one treatment

group which utilized the subjects' classroom teachers in

administering the instrument. The resulting data were ana-

lyzed by the use of a separate 3 x 2 analysis of variance
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for repeated measures, and Scheffe test at each level of

achievement studied. This procedure permitted the testing

of the six hypotheses of the study. Further, analysis of

response trends present in the raw data was performed.
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CHAPTER IV

PRESENTATION, ANALYSIS, AND

DISCUSSION OF RESULTS

Introduction

The plan of this chapter will be to present and analyze

the findings of the study in an orderly fashion. First, the

nature of the raw data will be presented. Then, the major

findings of the study will be presented as they affected each

of the study's hypotheses. Next, an analysis of the major

findings and of trends in the data will be presented. Then

the implications of the results will be discussed.

Attrition during the course of the study reduced the

numbers of subjects involved in the study from the initial

fifty in each group. However, the original criterion of re-

taining thirty or more subjects in each group was met, as is

shown in Table III.

Generally, attrition was greater for the low-achievement

group students, Indeed, the lowrachievers in treatment group

one fell to the minimum number of thirty. There were several

reasons for attrition in this study. First, some of the

s-tudents who were present at the initial -measurement were

absent when the second measurement occurred. Second, a

small number were lost as- a result of withdrawals.

66
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TABLE III

FINAL NUMBERS OF SUBJECTS IN EACH
TREATMENT GROUP

Treatment High Middle Low
Gr oup Achieve r s Achi ever Achieve r s

1 36 40 30

2 44 44 38

3 44 37 33

Total 124 121 101

Finally, the other reason for the loss of subjects was their

failure to have seen both of the segments of the planetarium

program. This failure occurred as a result of the students'

absence on either or both of the two days on which their

earth-science classes visited the planetarium. Only those

students who saw both of the segments of the planetarium

lessons, and for whom two measurements could be obtained,

were used in the study.

Means for each observation, or test, at each achievement

level were calculated for use in the 3 x 2 analysis of vari-

ance for repeated measures. These means are shown in Table IV.

Initial inspection of these means revealed some general

trends. The means for treatment group two at all achievement



TABLE ]IV

SUMMARY OF GROUP MEANS

Observation Means Combined
Treatment for Each Group Group Achievement

Group Mean Level
Initial Retention

1 86.1667 83.1111 84.6389
2 76.8182 68.1591 72.4886
3 88.2955 81.1818 84.7386 High

All Groups 83.6048 77.1210 ._._-_-_-

1 88.8750 85.2750 87.0750
2 81.9318 77.5455 79.7386
3 85.1622 81.2703 83.2162 Middle

All Groups 85.2149 81.2397 ..... 00

1 88.9333 85.3667 87.1500
2 78.7105 74.5789 76.6447
3 81.3030 76.9697 79.1364 Low

All Groups 82.5941 78.5644 -_-_-_-_-_-_-

levels seemed substantially lower than those of treatment

groups one and three at each achievement level. Also, the

means obtained in the second observations, or retention tests,

seemed lower in the initial observation. Thus, the combined

group means, or averages of the first and second observation

means, were lowered in each case by the retention test mean.

It remained for the analyses of variance to determine whether

or not these trends were significant ones.

Findings

The study had six hypotheses. Generally, the first
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three hypotheses dealt with questions regarding the possibilN

ity of significant differences between the treatment groups,

and the final three hypotheses dealt with questions regarding

the possibility of significant differences between the initial

and retention tests.

Fitfdiings for ypbth&sis One

Hypothesis one predicted, in the null form, that there

would be no significant difference between the combined group

mean scores of the high-achievement treatment groups one, two,

and three. The 3 x 2 analysis of variance for repeated measures

and unequal group sizes yielded an F ratio for row differences

of 6.41974. This value was highly significant at the 0.0024

level; so hypothesis one was rejected. At the high-achieve-

ment level, there was a significant difference between the atti-

tudes of the three different treatment groups, who differed in

respect to the proximity of their classroom work in astronomy

to the planetarium experiences.

Since this significant difference between the treatment

groups was found, a Scheffe F test was performed on the com-

bined treatment group means for the high-achievement group.

A value of 4.6161 was found for the F ratio comparing the dif

ference between treatment groups one and two. This value was

significant at better than the 0.05 level. A value of 5.2136

was found for the F ratio comparing the difference between

treatment groups two and three. This value was significant
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at better than the 0.01 level, Finally, a value of 0.0003

was found for the F ratio comparing the difference between

treatment groups one and three. This value was not a sig-

nificant difference. Thus the Scheffe test revealed that

the cause of the significant differences was the combined

group mean of treatment group two. At a value of 72.4886,

it was significantly lower than the group one mean of

84.6389, and the group three mean of 84.7386.

Findings for Rypothesis Two

Hypothesis two predicted, in the null form, that there

would be no significant difference between the combined group

mean scores of the middle-achievement treatment groups one,

two, and three. The 3 x 2 analysis of variance for repeated

measures and unequal group sizes yielded an F ratio for row

differences of 1.92766. This value was not significant, since

it only reached the 0.15 level of confidence. So hypothesis

two was accepted. At the middle-achievement level, there was

no significant difference between the attitudes of the three

different treatment groups, who differed in respect to the

proximity of their classroom work in astronomy to the plane-

tarium experiences.

Findings for Hypothesis Three

Hypothesis three predicted, in the null form, that there

would be no significant difference between the combined group

mean scores of the low-achievement treatment groups one, two, and
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three. The 3 x 2 analysis of variance for repeated measures

and unequal group sizes yielded an F ratio for row differences

of 2.80212. This value was not significant, and hypothesis

three was accepted, although it approached significance at

the 0.06555 level. This finding indicated that, at the low-

achievement level, there was no significant difference between

the attitudes of the three different treatment groups, who dif-

fered in respect to the proximity of their classroom work in

astronomy to the planetarium experiences.

Findings for Hypothesis Four

Hypothesis four predicted, in the null form, that at the

high-achievement level there would be no significant differ-

ence between the initial test mean scores and the retention

test mean scores for treatment groups one, two, and three.

The 3 x 2 analysis of variance for repeated measures and

unequal group, sizes yielded an F ratio for column differ-

ences of 20.35780. This value was highly significant at

the 0.00001 level; so hypothesis four was rejected. At the

high-achievement level, there was a highly significant decline

in the attitudes toward astronomy of treatment groups one,

two, and three.

Findings for Hypothesis Five

Hypothesis five predicted, in the null form, that at the

middle-achievement level there would be no significant differ-

ence between the initial test mean scores and the retention test
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mean scores for treatment groups one, two, and three.

The 3 x 2 analysis of variance for repeated measures and

unequal group sizes yielded an F ratio for column differences

of 10.33695. This value was highly significant at the 0.00168

level; so hypothesis five was rejected. At the middle-achieve-

ment level there was a highly significant decline in the atti-

tudes toward astronomy of treatment groups one, two, and three.

Findings for Hypothesis Six

Hypothesis six predicted, in the null form, that at the

low-achievement level there would be no significant differ-

ence between the initial test mean scores and the retention test

mean scores for treatment groups one, two, and three. The 3 x 2

analysis of variance for repeated measures and unequal group

sizes yielded an F ratio for column differences of 10.06637.

This value was highly significant at the 0.00202 level; so

hypothesis six was rejected. At the low-achievement level

there was a highly significant decline in the attitudes toward

astronomy of treatment groups one, two, and three.

Other Findings

At all three achievement levels, the analysis of variance

for repeated measures and unequal group sizes found no signifi-

cant interactions in the row and column measurements. At the

high-achievement level the interaction F ratio was 1,443; at

the middle-achievement level the interaction F ratio was

0.03473; and at the low-achievement level the interaction
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F ratio was 0.03473. None of these figures approached

significant interaction

Summary of Major Findings

A significant difference was found using the analysis

of variance for repeated measures and unequal group sizes,

and caused the rejection of hypothesis one, which dealt with

high-achieving treatment group differences. Significant dif-

ferences also caused the rejection of hypotheses four, five,

and six, which dealt with differences in the initial and reten-

tion test measurements at the high-, middle-, and low-achieving

levels, respectively. These results are shown in Table V.

TABLE V

SUMMARY OF ANALYSIS OF VARIANCE RESULTS

Achievement Rows Columns Interaction
Level F Ratio IProb. F Ratio Prb. F. Ratio 7Prob.

High 6.41974 *0.00224 20.35780 *0.00001 11.44300f 0.24023

Middle 1.92766 0.15002 10.33695 *0.00168 0.0347310.96588

Low 2.80212 0.06555 10.06637 *0.00202 0.03295 J0.96760
* Highly Significant Difference

The significant row difference for the high-achievement group

indicated a difference in attitudes toward astronomy among the

three treatment groups at that level. The significant column

differences at each achievement level indicated that, on the

average, a significant negative change in attitudes toward

-1-1-1- -11, ----------------- ---
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astronomy occurred between the time of the initial and the

retention test measurements. No significant differences in

interaction were found.

A Scheffe F test was then used to further examine the

significant differences among the rows, or among the treat-

ment groups, that occurred at the high-achievement level.

The results are shown in Table VI.

TABLE VI

SCHEFFE' F TEST RESULTS FOR THE
HIGH ACHIEVEMENT GROUPS

Group Number 1 2 3

1 0.0000 *4,6161 0.0003

2 *4.6161 0.0000 **5.2136

3 0.0003 **5.2136 0.0000

*Significant at the 0.05 level

**Significant at the 0.01 level

The Scheffe F test revealed that the significant dif-

ferences were caused by the second treatment group's average

affective score. It was significantly lower than the scores

of groups one and three. Treatment group two was signifi-

cantly different from treatment group one at the 0.05 level,

and treatment group two was significantly different from

treatment group three at the 0.01 level.
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Analysis of Results

In seeking the meaning of these results, the elements

that made up the differing treatment groups were considered.

At each achievement level, treatment group one consisted of

students who viewed the planetarium lessons in conjunction

with their classroom work in astronomy. At each achievement

level, treatment groups two and three consisted of students

who viewed the planetarium lessons as review activities fol-

lowing their completion of classroom work in astronomy earlier

in the school year, At each level, groups one and two re-

ceived the initial attitude test immediately after their ex-

posure to the last planetarium lesson, and the retention test

three weeks later. At each level, group three received the

initial attitude test immediately before their exposure to

the first of the planetarium lessons, and the retention test

three weeks after they had viewed the final planetarium lesson.

The difference in the initial measurement constituted the

only difference between groups two and three at each achieve-

ment level, Thus, the combined group mean for treatment group

three at each achievement level contained somewhat less plane-

tarium influence than did the measurements of the other treat-

ment groups.

The rejection of hypothesis one, which dealt with the

difference between the treatment groups' attitudes at the high-

achievement level, posed several possibilities. First, the

statistical cause of the significant difference was the low
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mean score recorded by high-achieving treatment group two.

The Scheffe F test showed that group two's score was signifi-

cantly lower than group one's score, and significantly lower

than group three's score, also. The differing proximity of

the classroom work to the time of the measurements might have

been the cause of the difference between groups one and two.

But this argument fails when the difference between groups

two and three is considered. The proximity of the classroom

work to the time of the measurement was the same for those

groups, which only differed in respect to the character of

the initial attitude measurement. Too, there was no signifi-

cant difference between groups one and three, despite their

differing proximity of classroom work to the measurements.

Another consideration in examining differences involving

highachieving treatment group one is the differing character

of the administration of the instrument for that group. Be-

cause of the fact that all of the students in the Mesquite

Schools who were studying astronomy in the classroom at the

time of the planetarium lessons were located in one school,

their science teachers administered the instrument to them.

This argument remains plausible when the significant differ-

ence between groups one and two is considered, but fails when

the lack of any difference between groups one and three are

noted. If the differing character of instrument administra-

tion caused a difference between groups one and two, it would

logically follow that it would have caused a similar difference
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between groups one and three. This situation was not the

case, tending to negate this possibility.

Thus the most logical possibility is that the differing

proximity of the planetarium lessons to the classroom work

caused the significant difference in the combined mean scores

of high-achieving treatment groups one and two. Group two's

combined mean score of 72.4886 was significantly lower than

group one's combined mean score of 84.6389 at the 0.05 level.

The exposure to the planetarium as a review activity caused

the attitude toward astronomy of these high-achieving students.

The planetarium lessons' influence could also be held

responsible for the significant difference between high-achiev-

ing treatment groups two and three. These groups were identi-

cal in that they both viewed the planetarium lessons as a re-

view. The combined mean score of 72.4886 for group two was

significantly lower at the 0.01 level than the combined mean

score of 84.7386 for group three, however. This could be ex-

plained by the fact that there was less planetarium influence

in the combined mean score of group three than in the combined

mean score of group two. There was less planetarium influence

in group three's score, since its initial test was given be-

fore the group viewed the planetarium lessons, while group

two's initial test was given after the group viewed the plane-

tarium lessons.

Hypotheses two and three, which dealt with the possibility

of differences between the treatment groups at the middle- and
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low-achieving levels, were both accepted. There were no sig-

nificant differences between the treatment groups' attitudes

at these levels. Significant difference was approached, how-

ever, at the low-achievement level. The level of confidence

reached 0.06555. Inspection of the combined group means for

the low-achievement level reveals that the nature of this nearly

significant difference was different from the significant dif-

ferences that occurred at the high-achievement level. There,

group two's score was significantly lower than the scores of

both group one and group three. But at the low-achievement

level the nearly significant difference appears to come only

from the difference between group one and group two. Group

one's combined mean score was 87.1500, while group two's com-

bined mean score was 76.6447. Group three's combined mean

score of 79.1364 was close to that of group two, and thus also

substantially different from that of group one. This pattern

suggests that the proximity of classroom work to the time of

the measurements could have been affecting the low-achievers'

attitudes. Another possibility is that the proximity of the

planetarium to their classroom work could have been affecting

the low-achievers' attitudes. The differences were not signi-

ficant, however; so these assertions cannot be reliably made.

The rejection of hypotheses four, five, and six, which

dealt with the possibility of differences occurring between the

initial test and retention test scores for all groups at the

high-, middle-, and low-achievement levels, was not expected.
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Yet all three of these hypotheses were rejected as a result

of the presence of highly significant declines in the atti-

tudes of the subjects. Hypothesis four, dealing with the

high-achievers, was rejected at the 0.00001 level. Hypothe-

sis five, dealing with the middle-achievers, was rejected

at the 0.00168 level. Hypothesis six, dealing with the low-

achievers, was rejected at the 0.00202 level. The declines

are shown in terms of raw scores in Table VII.

TABLE VII

ABSOLUTE CHANGES IN MEAN SCORES FOR EACH
TREATMENT GROUP BETWEEN OBSERVATIONS

Achievement Level

Treatment Group ____ High Middle Low

1 -3.0556 -3.6000 -3. 5666
2 -8.6591 -4.3863 -4.1316
3 -7.1137 -3.8919 -4.3333

All Groups -6.4838 -3.9752 -4.0297

These declines occurred during a three-week-long period of

time. In the case of treatment group three at each level,

the declines might be partially explained by the action

of the planetarium lessons seen as a review activity. For

these groups, no planetarium influence was present in their

initial attitude scores. The other treatment groups had

planetarium influence present in both their initial and

retention test scores, yet they also suffered attitudinal

moommm
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declines. This fact might suggest that the planetarium has

a long-term negative effect upon the attitudes toward astronomy

of students who are exposed to it.

However, other explanations for the rejection of hypo-

theses four, five, and six are possible. Campbell and

Stanley have noted that one of the variables that may affect

the internal validity of a study is "history," or the extrane-

ous events occurring between the first and second measurement

in addition to the experimental variable (3, p. 5). Thus

some other variables that cannot be controlled may affect the

results of a study. It is possible that the rejection of

hypotheses four, five, and six occurred as a result of this

phenomenon. Unfortunate changes in the planetarium scheduling

caused the retention test in this study to be given to the

subjects during the last two weeks of the school year. It

seems possible that in the three weeks betewen the two tests,

the growing awareness in the students that summer vacation

was approaching was the cause of the highly significant atti-

tudinal declines on the retention tests shown in the study.

A decline in students' attitudes toward school in general

seems, after all, to be "normal," and it is likely that this

general attitude decline could have been, in some measure, re-

sponsible for the study's unstable attitude results across time.

Analysis of the standard deviations of the treatment

groups for each observation was also helpful in determining
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the meaning of the findings. These standard deviations

are shown in Table VIII.

TABLE VIII

STANDARD DEVIATIONS OF
ALL TREATMENT GROUPS

Treatment High Achievers Middle Achievers Low Achievers
Group IniTi ' Retention Initial Retention Initial Retention

1 19.2554 18.2174 14.5940 16.3769 15.7566 14.5448
2 20.8642 21.7094 20.3234 19.0732 23.4612 24.3662
3 17.9619 17.7558 17.9622 19.1175 17.4185 19.9585

All 19.9185 20.3604 17.9565 18.3739 19.7758 20.7183

In light of the significant differences found in the study

between the initial and retention test observations for each

achievement level, it is interesting that the "All Group"

row in Table VIII shows that the average standard deviations

for all groups are consistently larger for the retention test

observation than for the initial observation. In other words,

the significant decline in average mean scores on the retention

test was paralleled by a consistent increase in the variability

of the scores from that mean on the retention test. However,

when the standard deviations for the individual treatment groups

are considered, this parallel does not hold. The standard devi-

ation is lower on the retention test for groups one and three

at the high-achievement level, for group two at the middle-

achievement level, and for group one at the low-achievement

level. While these inconsistencies may have been due to chance,

.0 = III- IRM No limm'60-ow - -1
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they may also have reflected differing effects of the plane-

tarium on the students' attitudes toward astronomy.

Another trend in the standard deviations that parallels

a significant finding in the study is the consistently higher

standard deviation for treatment group two. The Scheffe F

test found the mean scores of treatment group two at the high

achievement level to be significantly lower than the mean

scores of treatment groups one and two. Further, non-

significant trends in the same direction are observed in

the mean scores at the other achievement levels. These trends

in the mean scores are paralleled by the presence of the high-

est standard deviations .in treatment group two for each obser-

vation, except for the retention observation at the middle-

achievement level. There, at 19.0732 the standard deviation

of treatment, group two is slightly lower than the 19.1175

figure for treatment group three. Thus,within each achieve-

ment level, the highest variability of the treatment group

scores from the mean score tends to be in treatment group

two, a group which saw the planetarium lessons as a review

activity following their completion of classroom work in

astronomy.

Discussion of Results

The results of the study tend to support the attribution

theorists, who have maintained that causal attributions are
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of central importance in creating differing attitudes, moti-

vations, and achievement-striving in individuals who differ

in their level of achievement (1, 4, 8). In this study, high-

achievers who viewed the planetarium as a review activity

suffered a significant decline in their attitudes toward

astronomy. There were no significant differences in attitudes

among the treatment groups at the middle- and low-achievement

levels. Yet, inspection of the raw data indicated that the

nearly significant difference in the low-achievement level was

caused by the relative highness of the score of students who

viewed the planetarium lessons in conjunction with their class-

room work in astronomy, in comparison to the lower scores of

the other groups. The effects of the differing planetarium-

related curricular patterns did differ by the students' level

of achievement.

Other reasons might be construed to possibly explain these

differing affective effects of the planetarium-related curricu-

lar patterns. The high-achieving students may have been more

sensitive to the differing curricular patterns involving the

planetarium than were others. This greater sensitivity may

have been the result of a higher level of achievement-striving,

as suggested by attribution theorists. A higher level of at-

tention to the planetarium programs or to the classroom work in

astronomy may have been a factor. Greater sophistication in

the high-achieving students was possible, since the informal

surveys suggested that a greater percentage of high-achievers
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had previously visited museum planetariums than had the other

groups. Too, a feeling of resentment at having to "rehash"

material they had already learned earlier may have had an

effect upon the high-achievers. This feeling would have re-

flected a desire to not "waste time" on old material, and a

desire to rapidly continue the study of new material.

The results of the study also indicate that a transfer

of the students' enjoyment of and attention to the planetarium

lessons was not being made to their attitudes toward astronomy

as a whole. Discussions with the planetarium directors and

with science teachers whose students were involved in the

study indicated that most of the students enjoyed the programs

and were quite attentive to them. Indeed, informal observa-

tions of the students indicated that a degree of excitement

was created by the programs. But this informally observed

excitement and attention on the part of the students did not

show up in the form of significant improvements in the stu-

dents' attitudes toward astronomy in the study. A transfer

did not occur.

The results of the study, which imply that high-achiev-

ing students' attitudes toward astronomy were negatively af-

fected by viewing planetarium programs as a review activity,

directly contradict much of the past literature on the affec-

tive effects of the planetarium. These results directly con-

tradict findings by Sunal that held the planetarium to have

had a positive effect upon the attitudes of students who
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viewed it as a review activity (7). The results also seem

to negate the initially positive findings on the affective

effects of the planetarium by Reed (5), Sunal (7), and

Burnette (2). However, the results did not contradict Ridky's

finding that, of four different instructional groups, the only

one that showed a positive change in attitude toward astronomy

was the group that received all instruction (consisting of one

orientation lesson and five instructional lessons) in astronomy

in the planetarium (6). Thus the fact that the students in

this study were only exposed to two forty-minute lessons in

the planetarium takes on added importance. Ridky's results,

when viewed in the light of the results of this study, sug-

gested that an intensive series of exposures to the planetarium

might be a more effective curricular pattern to employ in order

to gain affective benefits in the students.

A final statement should be made in order to caution those

who would interpret the results of the study as a decisive

mark against the use of the planetarium. The mean affective

scores for each treatment group, shown in Table IV, indicate

that the students' attitudes toward astronomy were not really

negative, even on the retention tests. The Likert-type scale

used in the study had five differential choices on each of

twenty-five questions. Each "strongly agree" was worth five

points; each "agree" was worth four points; each "undecided"

was worth three points; each "disagree" was worth two points;

each "strongly disagree" was worth one point. Thus a score
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of seventy-five (3 x 25) would have constituted a completely

undecided, or neutral, attitude toward astronomy. Inspection

of the means shown in Table IV indicates that every mean, with

the exception of the high-achieving treatment group two, fell

on the low positive side of the neutral score of seventy-five.

High-achieving treatment group two's retention test mean was

68.1591, and its combined group mean was 72.4886. All others

fell above seventy-five. Thus the results of the question-

naire could not be construed as a strong negative statement

regarding these students' attitudes toward astronomy when ex-

posed to a planetarium. Most of the groups still retained a

low positive attitude toward astronomy, even on the retention

test that was taken during the last two weeks of the school

year. Declines, some significant, did occur, but the attitudes

of most groups were still primarily neutral to low positive.

Summary

Results of the 3 x 2 analysis of variance for repeated

measures and unequal group sizes caused the rejection of

several of the study's hypotheses. The highly significant

difference between the three treatment groups' attitudes at

the high-achievement level caused the rejection of hypothesis

one. A Scheffe F test revealed that the combined mean score

of treatment group two, which viewed the planetarium lessons

as a review activity, was significantly lower than the com-

bined mean score of treatment group one, which viewed the
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planetarium lessons in conjunction with their classroom work

in astronomy. Group two's combined mean score was also sig-

nificantly lower than treatment group three's combined mean

score. Group three was another group that viewed the plane-

tarium lessons as a review activity. Its combined mean score

contained less planetarium influence, however, since its ini-

tial test score was taken previous to the group's exposure to

the planetarium, while group two's initial test score was taken

after the group's exposure to the planetarium.

The hypotheses which dealt with the stability of the atti-

tude measurements across time were also rejected. Hypothesis

four dealt with the stability of the measures for the high-

achievers, hypothesis five with that of the middle-achievers,

and hypothesis six with that of the low-achievers. All of

these hypotheses were rejected as a result of highly signifi-

cant declines in the mean scores of the groups on the retention

tests.

Analysis indicates the possible meaning of these results.

The significant difference in the combined mean scores which

indicated the attitudes of the high-achieving groups was attri-

buted to the effect of the differing proximity of the plane-

tarium lessons to the students' classroom work in astronomy.

Those high-achievers who viewed the planetarium lessons as a

review activity had a significantly lower attitude toward

astronomy than did those high-achievers who viewed the plane-

tarium lessons in conjunction with their classroom work in
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astronomy. The significant declines that occurred at each

achievement level on the detention tests. are partially

attributed to the effect of the planetarium lessons, and

partially to the fact that the retention tests were given

to the students during the last two weeks of the school year.

Implications of these results have been discussed and related

to the past literature on attribution theory and on the

affective value of the planetarium.
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CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Introduction

The recent expansion of planetarium building and usage

in American public school systems has been a reflection of

the initially enthusiastic and laudatory reactions by educa-

tors to the striking and sophisticated instrument (11, p. 1).

Unfortunately, this enthusiasm has not been based upon empiri-

cal research results, but instead has been based upon subjec-

tive opinion (11, p. 1). In fact, there is still a relative

paucity in empirical planetarium-related research. The nature

of most of the research that has been done to date has attempted

to compare the effectiveness of the use of the planetarium

to the effectiveness of the use of more traditional, class-

room oriented teaching methods (11, p. 1). These studies'

findings were contradictory regarding the planetarium's ef-

fectiveness in meeting cognitive domain objectives (12,

p. 348); this has led several reviewers and researchers to

speculate that the real value of the planetarium may be in

its influence upon the affective domain of the student.

These writers have called for more affective domain plane-

tarium research to investigate this possibility (6, 7, 8, 9,

12, 13), and this study was designed to further investigate

these affective effects of the planetarium.

90
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Summary of the Purposes

The problem of this study was to measure the effects of

differing curricular patterns involving the use of planetarium-

centered activities on the affective domain of high-, middle-,

and low-achieving secondary school students. Two different

curricular patterns were used in the study. At each achieve-

ment level one group viewed the planetarium lessons in con-

junction with their classroom work in astronomy. Also, at

each achievement level two groups viewed the planetarium les-

sons as review activities which followed their completion of

classroom work in astronomy at an earlier time in the school

year.

This problem provided a study that could follow sugges-

tions made by researchers and reviewers of planetarium litera-

ture for more empirical investigations of the effects of the

planetarium in the affective domain (6, 7, 8, 9, 12, 13), and

which could investigate differences in these affective re-

sponses associated with different achievement levels in stu-

dents (1, 5, 14).

Further, the subjects used in the study were delimited

to eighth-graders from the Mesquite, Texas, Independent School

District, which was in its first year of operating a new plane-

tarium facility. These subjects viewed "The Legacy," a

nationally distributed planetarium lesson on astronomy, our

solar system, and space travel, produced by the Hansen Plane-

tarium of Salt Lake City, Utah, with the aid of the National
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Aeronautics and Space Administration. The program was

presented as two forty-minute lessons.

Summary of the Procedures

The study's design provided for three treatment groups

to be used for each of the achievement levels studied. At

each achievement level, treatment group one was a random sample

of students who viewed the planetarium lessons in conjunction

with their work on a classroom unit of study on astronomy. At

each achievement level, groups two and three were random samples

of students who viewed the planetarium lessons as a review

activity following their completion of a classroom unit of

study on astronomy at an earlier time during the school year.

The difference between groups two and three at each level

consisted of the difference in measurement procedures. Group

two received an initial measurement of their attitudes toward

astronomy immediately after their exposure to the planetarium

lessons. Group three at each level received an initial mea-

surement of their attitudes toward astronomy immediately be-

fore their viewing of the planetarium lessons. Additionally,

group one at each level received an initial measurement of

their attitudes toward astronomy immediately after their view-

ing of the planetarium lessons.

Each of the three groups at each achievement level also re-

ceived a second, or retention test, measurement of their atti-

tudes toward astronomy three weeks after their viewing of the

planetarium lessons. This design allowed the testing
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of the difference between the three groups' attitudes and of

the stability of their attitudes across time, at each of the

three achievement levels.

Students were randomly selected for the three treatment

groups at each level, based upon when they were studying

astronomy in the classroom, and upon their science achieve-

ment scores on the most recent administration of the SRA

Achievement Battery by the Mesquite School District. Students

who s cored from the eightieth to the ninety-ninth percentile

were assigned to the high-achievement population. Students

who scored from the fortieth to the sixtieth percentile were

assigned to the middle-achievement population. Students who

scored from the first to the twentieth percentile were assigned

to the low-achievement population. Random samples of fifty

subjects each were then taken from each population subgroup

for participation in the study.

The instrument used to measure the subjects' attitude

toward astronomy was designed by the researcher. It consisted

of a Likert-type scale of twenty-five items. Each item offered

the respondent five differential choices of attitude. The

'strongly agree" was assigned five points; the "agree" was

assigned four points; the "undecided" was assigned three

points; the "disagree" was assigned two points; the "strongly

disagree" was assigned one point. Thus the most positive at-

titude toward astronomy was 125 points (5 x 25), and the most

negative attitude toward astronomy was twenty-five points

(1 x 25). Following instrument-development procedures
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outlined by Sax (10), an initial fifty-eight-item form of the

instrument was given to a test group, and each item score was

correlated with the total score in order to determine the

items that had the highest correlations with the total score.

Items with correlations of 0.50 or above were chosen, result-

ing in a final twenty-five-item form of the instrument. Cal-

culations using Cronbach's alpha indicated an inter-item re-

liability of 0.9178 for the final form of the instrument, a

satisfactory figure.

Procedures used in collecting the data were held as con-

stanf as possible. Treatment groups two and three at each

level of achievement were administered the instrument by the

researcher in special meetings of the subjects involved, held

at each of four middle schools. Administrative problems

caused a difference in the administration of the instrument

to treatment group one at each achievement level. These

groups were given the instrument by their science classroom

teachers, who used standardized procedures and materials pro-

vided by the researcher. Students in treatment groups one and

two at each level received the initial measurement on the first

class day after their viewing of the final planetarium lesson,

and received the retention test three weeks later. Students

in treatment group three at each level received the initial

measurement during the final week prior to their first sche-

duled visit to the planetarium, and received the retention

test three weeks after their viewing of the final planetarium
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lesson. Thus the measurements for treatment groups one and

two at each level contained more planetarium influence upon

their attitudes toward astronomy than did the measurements

for treatment group three at each level.

Procedures for the analysis of the data included two

possible types of calculations. First, at each achievement

level, a 3 x 2 analysis of variance for repeated measures and

unequal group sizes was performed on the data. This test was

performed in order to test the significance of the differences

between the three treatment groups, and between the initial

and retention test measurements. A second procedure was used

in the event of significant findings regarding the differences

between the three treatment groups. A Scheffe F test was to

be performed on the average treatment group means in order to

determine the cause of significant differences. Analyses on

the row data were also performed.

Summary of the Results

There were six hypotheses for the study. The first

three hypotheses predicted, in the null form, that there

would be no significant differences between the three treat-

ment groups at the high-, middle-, and low-achievement levels,

respectively. The final three hypotheses predicted, in the

null form, that there would be no significant differences

between the initial measurement mean scores and the retention

test mean scores for the groups at the high-, middle-, and low-
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achievement levels, respectively. The 3 x 2 analysis of

variance for repeated measures and unequal group sizes F

ratios for row differences tested hypotheses one through

three. The F ratios for column differences tested hypothe-

ses four through six. Also attrition reduced the total num-

ber of high-achieving students involved in the study from

one hundred fifty to 124, the number of middle-achieving stu-

dents from 150 to 121, and the number of low-achieving stu-

dents from 150 to 101. The numbers of students in all sub-

groups remained thirty or above, however.

Several significant differences were found in the data.

The F ratio of 6.41974 indicated a difference that was highly

significant at the 0.00224 level,causing the rejection of

hypothesis one. There was a highly significant difference

between the three treatment groups' attitudes at the high-

achievement level. Subsequently, a Scheffe F test on the

average treatment group means revealed that treatment group

two's average mean score was significantly lower than both

the first and the third treatment groups' average mean scores.

The F ratio between group two and group one was 4.6161, which

was significant at the 0.05 level. The F ratio between group

two and group three was 5.2136, which was significant at the

0.01 level. The F ratio of 1.92766 was not significant re-

garding differences between the treatment groups at the mid-

dle -achievement level; so hypothesis two was accepted. There

was no significant difference between the treatment groups'
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attitudes at the middle-achievement level. The F ratio of

2.80212 approached significance at the 0.06637 level of pro-

bability, but did not reach it. Thus hypothesis three was

also accepted. There was no significant difference between

the treatment groups' attitudes at the low-achievement level.

Hypotheses four, five, and six were all rejected. The F ratio

of 20.35780, regarding the difference between the initial and

retention test mean scores at the high-achievement level, was

highly significant at the 0.00001 level. The F ratio of

10.33695, regarding the difference between the initial and

retention test mean scores at the middle-achievement level,

was highly significant at the 0.00168 level. The F ratio of

10.00202, regarding the difference between the initial and

retention test mean scores at the low-achievement level, was

highly significant at the 0.00202 level. Thus there were

highly significant declines in the groups' mean attitudes on

the retention test at each level of achievement.

There seem to be several reasons for these results.

Part of the reason for the significant declines on the re-

tention test scores seems to be the fact that the retention

test was administered to the subjects during the last two

weeks of the school year-a time in which most students' atti-

tudes toward school seem to decline. But further analyses of

the data also indicate that a part of the decline may be at-

tributed to the action of the planetarium lessons. This was

especially true for treatment group three at each achievement
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level, since the retention test was the only measurement for

those groups that contained the influence of the planetarium

lessons.

Several possible explanations for the significant differ-

ence found between the high-achieving treatment groups were

explored. The differing proximity of the students' classroom

work in astronomy to the time of the measurements was con-

sidered but rejected, since groups one and three differed in

this factor, but not in their scores. This fact also caused

the rejection of the possibility that the significantly lower

combined mean score of group two could have been caused by

the different conditions under which those subjects in group

one were administered the instrument. The likely explanation

for the significant difference between groups one and two,

and between groups two and three was determined to be the

action of the differing proximity of the planetarium lessons

to the groups' classroom work in astronomy.

The meaning of the finding of no significant difference

in the combined mean scores of the treatment groups at the

middle- and low-achievement levels was also explored. It was

noted that these findings tended. to support the ideas of at-

tributional differences in motivation and attitude across

achievement levels. Too, an apparently greater sensitivity

of the high-achieving students to changing curricular patterns

involving the planetarium was noted. The high-achievers' at-

tributional differences in achievement motivation, possible
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greater level of attention, greater sophistication and experi-

ence with planetariums, and possible resentment at having to

review material already learned are possible explanations

for their greater sensitivity to the changing curricular

patterns.

Inspection of the standard deviations for all of the

treatment groups in the study revealed trends that parallel

the significant findings of the study. Generally, the stan-

dard deviations were higher in treatment group two at each

level. This was the group that viewed the planetarium les-

sons as a review activity at each level, and the group which

tended to have the lowest attitude scores at each level. The

group two scores were only significantly lower at the high-

achievement level, of course. Also, the standard deviations

tended to be higher on the retention tests than they had been

on the initial tests. Thus increased score variability from

the mean tended to occur for group two at each achievement

level, and on the combined group retention test scores at

each achievement level.

It was noted that a transfer effect was not present in

the study. Informal observations by the planetarium director

and science teachers, whose students were involved in the

study, suggested that the students were attentive to, and

excited about the planetarium lessons. This apparent inter-

est and excitement regarding the lessons did not transfer

to the students' attitudes toward astronomy as a whole,
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however. The data produced by the study indicated a lack of

positive effects upon the students' attitudes toward astronomy.

Conclus ions

An initial conclusion was that two exposures to plane-

tarium lessons as a review activity caused a significant de-

cline in high-achieving students' attitudes toward astronomy.

The study has offered evidence of this assertion through the

highly significant difference found between the high-achieving

treatment groups' score.

A second conclusion was that two exposures to planetarium

lessons did not significantly improve students' attitudes.

The study offered no evidence at any achievement level, for

either curricular pattern employed in the study, that a sig-

nificantly positive effect on the students' attitudes caused

by the planetarium-related curricular patterns was present.

A third conclusion was that middle- and low-achieving stu-

dents' attitudes were not significantly affected by two expo-

sures to the planetarium lessons. Varying the manner of em-

ploying the planetarium in relation to classroom work in

astronomy, as was done for this study, brought about no sig-

nificant differences in the attitudes of students at either

of these achievement levels.

Interpretations

First, the limited nature of this study necessarily

tempered the interpretations of its results. No experimental
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isolation of specific planetarium variables was attempted.

Therefore, the conclusions of the study could not deal with

the exact nature of the planetarium's effect upon students'

affective domain. The conclusions could only describe the

effects of two curricular patterns which employed the plane-

tarium in conjunction with classroom work in astronomy and as

a review activity following the completion of classroom work

in astronomy.

Within this frame of reference, the results of the study

can be viewed with a proper perspective. High-achieving stu-

dents, in this study, suffered a significant decline in their

attitudes toward astronomy, but the extent of the generaliza-

bility of this finding is not clear. The study was not a

true experimental design. Many variables were not precisely

controlled. For example, the classroom curriculum was based

upon the textbook, Focus on Earth Science, by Bishop, Lewis,

and Bronaugh, but there was no control placed upon exactly how

each teacher presented the material. No observations were

made of the teachers, and no effort was made to question the

teachers on how they had presented the unit on astronomy.

Also, all of the measurements were taken during the final quar-

ter of the school year. The attitudes of students toward

school seem to sometimes be negatively affected by the first

warm, sunny day following winter. Thus the time of the year

could have had a real effect upon the students' attitudes.

Variables such as sex, race, and socioeconomic status were
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not considered in the study, either. Too, the quantitative

attitude measurements told nothing about the qualitative dif-

ferences underlying them.

Additionally, the high-achievers' attitude decline ap-

pears less negative when viewed in relationship to a study

reported by Ridky (9). He found that a group that had re-

ceived all astronomy instruction in the planetarium showed

significant attitude improvements. The group received one

orientation lesson and five instructional lessons in the

planetarium. Thus exposure of the students to a more inten-

sive program of instruction might yield more positive atti-

tudinal results that would parallel Ridky's. Perhaps two

forty-minute exposures were not enough. Certainly the two

curricular patterns used in the study did not significantly

affect the attitudes of the middle- and low-achievers. These

findings seemed to reflect upon Ridky's work, and upon the

judgment of Frymier and Thompson, who have stated that most

research has indicated that the motive to achieve remains

fairly constant (4).

Another interpretation is that caution is advised re-

garding the generalizability of the mean attitude declines

that occurred between the initial and retention tests at each

achievement level. The highly significant nature of the

mean score declines at each level was apparently negated by

the fact that the retention tests were administered to the

subjects during the final two weeks of the school year.
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Although a portion of the declines, especially in the case

of treatment group three at each achievement level, seemed

to have been the result of the action of the planetarium les-

sons, it seems likely that the "normal" decline in students'

attitudes toward school in general biased the retention test

scores.

The study's findings regarding the planetarium-related

curricular patterns did not reflect the "common sense" notion

of a strong positive affective effect of the planetarium upon

students. This notion, coupled with the inconclusiveness of

the findings regarding the effect of the planetarium in the

cognitive domain of students, led planetarium researchers to

suggest that affective domain research could find a special

educational value in the planetarium (8, 11, 13). A positive

affective effect was not present in the planetarium-related

curricular patterns studied, however. The findings regard-

ing the planetarium in this paradigm did not reflect the

initially positive, but questionable, affective findings by

Reed (8), Sunal (12), and Burnette (2). This study also

seemed to contradict statements made by Sunal that the plane-

tarium seemed to function especially well in the affective

domain as a review activity, The reasons for these contra-

dictions are unclear, but possibly may lie within the host of

uncontrolled variables present in the curricular patterns and

in the population studied.

Finally, although the study did not specifically deal
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with attribution theory, its results tend to support attri-

bution theory. Studies by Weiner (14), Kukla (5), and Breit

(1) have suggested that the causal attributions of the motive

to achieve differ by achievement level. This study did show

differing affective effects of the planetarium-related curric-

ular patterns across achievement levels. The high-achievers

showed significant differences, while the middle- and low-

achievers nearly attained significant differences. Their

differences would have originated from a different pattern

from that of the significant differences of the high-achievers,

also. Thus different affective patterns were shown across

achievement levels, a finding that was not inconsistent with

the assertions of attribution theory.

Recommendations

Despite the seeming negativism of this study's findings,

a recommendation of any type of definitive action to be taken

by administrators contemplating future planetarium construc-

tion is not possible. One reason for this is the limited

nature of the study. Another reason is the many uncontrolled

variables present within the planetarium-related curricular

patterns studied. Also, these curricular patterns were only

two of many that are possible to construct. Thus affective

planetarium research still has many avenues to explore, and

conclusive statements regarding the planetarium's affective

effects upon students are not yet possible.
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The findings of the study have some meaning for plane-

tarium curriculum planners. First, good coordination of

the presentation of planetarium lessons with the presentation

of the relevant classroom work appears to be desirable. This

strategy avoids the review work pattern that saw a signifi-

cant high-achiever attitude decline in this study. Another

recommendation is that planetarium visits should be steered

toward an intensive exposure pattern rather than a limited

exposure pattern such as those in this study. The two brief

exposures to the planetarium had no positive affective effects.

But a series of six exposures to the planetarium in a situa-

tion in which all instruction occurred in the planetarium

produced positive affective effects, according to a study by

Ridky (9). Thus modeling planetarium-related curriculum more

toward the pattern used by Ridky seems more desirable than

the patterns used in this study.

Other recommendations are made to researchers in the

field of planetarium education. The findings of the afore-

mentioned study by Ridky regarding groups receiving all in-

struction in the planetarium, combined with this study's find-

ings, suggest that further research on the affective effects

of intensive, repeated exposure to the planetarium is needed.

Comparison of the response patterns of such studies to the

response patterns of this study would prove enlightening.

Another recommendation was that studies employing true

experimental designs such as those found in Campbell and
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Stanley (3) are needed in the area of the affective effects

of the planetarium. This study did not isolate the plane-

tarium variables present within the differing curricular

patterns studied. Thus a description of the effect of an

entire planetarium-related curricular pattern was possible,

but not a description of the effects of the planetarium

alone. Future studies should attempt to isolate these vari-

ables, since this study has only provided a broad view of the

affective effects of certain planetarium-related curricula.

A final recommendation is that these true experimental

design studies should not be limited to the exploration of

the generalized affective effects of the planetarium. The

planetarium is a versatile instrument which employs many

specific types of variables in any one presentation. In

order to attain complete knowledge of the affective effects

of the planetarium and complete the picture begun by this

study, several specific studies should be performed. These

studies should hold out each of the variables present in

the planetarium in turn, in order to determine the relative

effect of each competing variable. Further, these studies

could be designed to check the differing effects of these

differential planetarium lessons upon a broadly defined

group, and upon groups that differ according to population

characteristics. These characteristics might include achieve-

ment level, socioeconomic level, race, sex, or other such
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population differences. Differences in the affective effects

of the planetarium might be found in relation to any of

these differing human characteristics.
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APPENDIX A

THE INSTRUMENT

DIRECTIONS: Print your last name, first name, and middle
initial in the space provided on the answer sheet. Read
each of the 25 questions carefully. If you strongly agree
with a statement, fill in space 5 on the answer sheet. If
you agree with it, fill in space 4. If you are undecided
about how you feel about it, fill in space 3. If you dis-
agree with it, fill in space 2. If you strongly disagree
with it, fill in space 1. Fill in one of these spaces
FOR EACH QUESTION. Do not leave any blank. Make the marks
black and shiny.

1. It is very important to study the moon, stars, and
planets.

2. I like to read about astronomy.

3. Astronomy should be a part of a course required for all
students.

4. 1 look forward to studying about space.

5. Space exploration is interesting.

6. I like to read about outer space.

7. I enjoy studying about our universe and solar system.

8. 1 would like to work in a job related to space.

9. Astronomy is exciting.

10. I like to look at magazines about space.

11. It is important to know about the differences in the
planets of our solar system.

12. Knowing about outer space is important.

13. 1 want to learn more about astronomy on my own.

14. The mathematical relationships of the moon, earth, stars,
and planets to each other is interesting.
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15. It is interesting to find out the names of the stars.

16. I look forward to earth science class when we are

studying astronomy.

17. It is interesting to find out the names of all the
constellations.

18. Knowing about the moon, stars, and planets is important.

19. 1 like to study about our universe and solar system.

20, Work in astronomy is important,

21. Astronomy is an interesting subject.

22, I understand astronomy very well.

23, Astronomy is valuable,

24. A new elective course in astronomy should be started.

25. 1 look forward to studying about astronomy.



APPENDIX B

PLANETARIUM PROGRAM
PRODUCED BY

HANSEN PLANETARIUM

T H E L E G A C Y

A planetarium star program
made possible by assistance from the

National Aeronautics and Space Admininstration
and the

Utah American Revolution Bicentennial Commission

Copyrighted by the Hansen Planetarium, and used with their permission.

Audience enters star theatre
in dim light.

Partial panorama of Space
Shuttle (1) ready for
launch.

Sounds of prelaunch chatter.
Cue show tape.
Fade out chatter.
Fade house lights.

MISSION SPECIALIST ...That is

affirmative, Launch Control.
Understand we are T minus 1
minute 30 seconds and counting.
Automatic sequencer start.

All crew: this is the Mission
Specialist. We are go for launch.

VOICE: The first step has been
taken - man has walked upon the
Moon. Already our spaceprobes
reach out deeper into space,
toward the planets, new worlds.

We stand poised to leave the
Earth. Using the visions of the

past and the discoveries of the
present to guide us, we are
embarked upon a journey to the
future.

112



113

Music; (1) fades; credits (2)
(star projector rise) (3).

Then launch control screen (3).

In "screen area" of (3), pro-

ject film of launch and orbit.

MISSION SPECIALIST: We are T
minus 1 minute and counting...

Ten seconds pilot and counting.

All systems go. Five, four,
three, two - ignition. Commit.

Liftoff. We have liftoff...

PILOT; Confirming Earth orbit.

Altitude 290 miles. Rendezvous
at 36 minutes ground elapsed time.

MISSION SPECIALIST: It's a beau-
tiful view - the Earth from orbit.
Before 1961, no one had ever seen

this sight. It was a new per-

spective - our planet Earth as
the rest of the universe sees it.

Were not alone up here. In orbit

around the Earth with us right now

are about a hundred active satel-
lites. Many of them watch over

the environment to make life safer

and more pleasant. These satel-
lites continually monitor the
weather, crop growth, pollution,
snowcover, and the oceans. Other

satellites provide television and
radio links around the world, and
reliable navigation aids. Still
others are conducting astronomical
research.

There ahead of us is Skylab, the

American orbital laboratory.
Three crews of three men each

lived there for a total of six
months. Skylab is deserted now,

but we're still learning from the

information those astronauts
brought back to Earth.
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Starfield on and turning
slowly.

Film and flight deck (4)
fade.

Orion (5) on in foreground.
Argos (6) on in background,

Orion descends below cove
or simply fades out.

Cove instrument panel ("busy
boxes") on, (Remains on;
perhaps less brightly
throughout "flight"
except when panoramas
are on.)

PILOT; Rendezvous with Orion in
two minutes, Stand by for trans-
fer. RCS system nominal.

MISSION SPECIALIST; Our Space
Shuttle is a versatile craft,
ideal and inexpensive for Earth
orbital missions. It made space
travel practical back in the
1980's. But it wasn't designed
for interplanetary travel. That
requires a ship of the future,
like Orion.

PILOT; Attention, all crew. We
have two spacecraft ahead in the
transTFF zone, not just one. And
one of those craft is...

VOICE FROM ARGOS: Orion, this is
Argos. The second spacecraft you
see is ours, We are travelers
from the past, just as your inter-
planetary spaceship makes you
travelers of the future. You do
not make this journey alone. With
you go all the thoughts and hopes
from the past - the visions that
helped to lead you into space.
We are those visions. We will
accompany you on your journey to-
day. The thoughts and guesses of
our crew were often fanciful -
and wrong - but it is proper that
we share this voyage with you.
After all., we were the first to
travel to the planets - in our
imaginations.

MISSION SPECIALIST: Argos, this
is Orion. We are honored to share
this mission with you,
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Rocket noise; music; star-
field motion,

Argos (6) fades,
Flight deck (4) on,.
Flight plan crossfader

slide sequence (7-12).

Flight deck (4) fades.
Venus (13) as disk slowly

rises and drifts (zoom
optional),

Flight deck (4) on.
"Jungle" Venus (14) on.

(14) fadesI
"Desert" Venus (15) on.

(15) fades.
"Oily" Venus (16) on,

(16) fades.

PILOT: Transfer complete.
pare to leave Earth orbit.

Pre-

MISSION SPECIALIST: The grand
tour flight plan of Orion will
carry us near Venus and Mercury;
past the Sun; on to Mars, Jupiter,
Saturn, and the outer planets;
then inward again, to the Moon,
and finally home.

PILOT; On course; target azimuth
31 degrees, elevation 5 and
closing.

MISSION SPECIALIST: There it is -
Venus - the nearest planet to
Earth and almost the same size.
Yet until recently we didn't know
much about Venus because it is
completely covered by clouds.

VOICE FROM ARGOS: Orion, this is
Argos. We used to argue about
what lay beneath those clouds -
what kind of surface we would
find on Venus, if we could ever
go there. Some of us thought
Venus would be like the Earth
was millions of years ago in the
age of dinosaurs. a watery planet,
perhaps with thick steamy jungles
and fantastic lizards.

Others of us thought that Venus
would be a hot, barren desert
swept by violent continuous dust
storms.

And one prominent scientist sug-
gested that the planet might be
covered with hydrocarbons, and
that the clouds of Venus might
be droplets of oil. All that
smog would have been hard on the
dinosaurs.
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Radar map of Venus
(17) on,.

(17) fades.
Venus surface picture

(18) on,

(18) fades,
Venus in UV (19) on,

(19) fades.

MISSION SPECIALIST; But now we
know what lies beneath those
clouds, Radar beams from Earth
bouncing off of Venus have pro-
vided us with this rough map of
its surface. Venus is covered
by large shallow craters, 10,000
foot mountains, and a huge canyon.

American and Soviet spaceprobes
have revealed that on the surface
of Venus, we would be crushed by
an atmosphere pressure 90 times
greater than on Earth and we
would fry in a temperature of 900
degrees Fahrenheit. That's hot
enough to melt lead. The prob-
lem is the carbon dioxide atmos-
phere. It lets the sunlight in,
but it doesn't let the heat back
out, like the glass in a green-
house.

One of the Russian probes that
landed on Venus survived long
enough to send back a few pic-
tures of the surface - flat rocks;
no desert sand; no obvious erosion.

VOICE FROM ARGOS: Orion, this is
Argos. We had no idea Venus would
be like this. Receiving your new
transmission. This picture looks
more like Earth than Venus.

MISSION SPECIALIST: To our unaided
eyes, Venus looks white and fea-
tureless. So in 1974 the American
spaceprobe Mariner 10 took this
picture in ultraviolet light. Now
for the first time we can see how
the air circulates on Venus. High
level winds push the clouds along
at 200 miles per hour, but, sur-
prisingly, at ground level it's
almost a dead calm. The surface
winds are so feeble that they
haven't been able to erode away
large craters, even after millions
of years.
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Starfield motion,

Mercury (20) as disk slowly
rises and drifts (zoom
optional).

Flight deck (4) on.

Mercury-from-Earth
photo (21) on,

(21) fades.
Crescent Mercury (22) on.

(22) fades,
Cratered Mercury (23) on.

(23) fades,
Cratered Mercury close-up

(24) on,

(24) fades,
Caloris Basin on

Mercury (25) on,

PILOT; Coming up on mid-course
correction; mark, Thrusters on.
Delta V point five; Q minus
nine,,.

Mid-course correction burn looks
good. Mercury coming into range.

VOICE FROM ARGOS: Orion, this is
Argos, Whatever we see of Mercury
will come as a surprise. Take
a look at this picture. It's
about the best photograph of
Mercury ever taken from Earth.
Mercury is always so close to
the Sun that it's hard to see.
And besides, it's such a small
planet - Mercury is not very
much bigger than our Moon.

Now that we're getting close, it
even looks like our Moon.

MISSION SPECIALIST: Yes, NASA's
Mariner 10 showed us that Mercury
does look a lot like our Moon.
They are both covered with cra-
ters - scars from meteorites that
smashed into them long ago. And
both Mercury and the Moon are so
small that neither has enough
gravity to hold an atmosphere.
With no air on Mercury, there
are no winds or rain. And with
no atmosphere, there's no protec-
tion against heat and cold. Day-
time temperatures reach 800 de-
grees, but at night the heat
radiates away into space and the
temperatures sink to 280 degrees
below zero.

The landscape of Mercury is
covered by craters - craters on
top of craters. The newest cra-
ters are sharply defined. The
older craters have been worn down
by the newer meteorites that fell
on top of them.
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(25) fades,
Scarp on Mercury

(26) on,

(26) fades.
Flight deck (4) fades.

Starfield motion.
Argos rear oblique (27) on.

Dezoom optional.

Sun (28) appears at horizon.
Rising motion and/or
active prominences and
surface turbulence
optional.

Probably the most impressive
single feature that Mariner 10
photographed on Mercury is the
Caloris Basin - actually a huge
crater 800 miles wide. We can
see one edge of it here. It
was caused by the impact of a
meteorite about 50 miles in dia-
meter billions of years ago. The
concussion that formed Caloris
was equal to the explosion of
200 trillion hydrogen bombs.

But Mercury is not completely
like the Moon. Look at this
cliff - Mercury is covered with
them. The longest of these
scarps are 400 miles in length
and up to 8000 feet high. They
were probably formed when the
whole planet cooled and shrank
several miles, sort of like an
apple that has dried up. It's
something we haven't seen on
any other planet.

PILOT: Velocity increasing
rapidly. Skin temperature
rising.,

MISSION SPECIALIST: Ahead - the
Sun, the largest object in our
solar system. If the Sun were
hollow, it could hold more than
a million Earths.

VOICE FROM ARGOS: Ah, but how
hot is the Sun; and what is it
made of? One philosopher on
our crew predicted that we would
never know these things.

MISSION SPECIALIST: We now know
that the Sun is a huge ball of
seething gas - mostly hydrogen.
The surface of the Sun is boiling
at a temperature of 10,000 degrees,
hot enough to turn our metal space-
craft into gas.
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Equation (29) on.

(29) fades.

Spacecraft with solar
panels (30) on,

(30) fades.

Starfield motion quickens,

Sun (28) fades or sinks
below cove,

But the center of the Sun is even
hotter; 29 million degrees.
That's where the Sun creates the
energy that lights and warms the
Earth.

VOICE FROM ARGOS: But what makes
the Sun shine? Back in 1900 we

had no real idea.

MISSION SPECIALIST: At the center
of the Sun, where the pressures
and temperatures are greatest,
the Sun converts hydrogen into
helium. In that reaction, four
million tons of mass disappear
every second. That mass is con-
verted into energy, according to
Einstein's famous equation:
energy equals mass times the
speed of light squared. If we
burned all the trees, coal, oil,
and gas on Earth, we could almost
match the energy the Sun emits
in one ten thousandth of a second.

VOICE FROM ARGOS: With so much
energy available from the Sun,
why don't we use more solar
energy?

MISSION SPECIALIST: That's a good
question. Maybe we will soon.
Even now many of our spacecraft
convert solar energy into elec-
tricity to run their experiments.
Solar energy is an essential
power source for the future.

PILOT: Approaching perihelion.
On course. Velocity increasing.

MISSION SPECIALIST: As we approach
the Sun, its gravity pulls us in-
ward faster than we have ever
traveled before. We will use the
Sun for a gravity assist, gaining
speed that will carry us past the
Sun, past Mercury, Venus, and
Earth, out to Mars...
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Music; starfield motion
slows.

Flight deck (4) on,
Pioneer at Jupiter (31) on,

(31) fades.
Mariner 10 at Venus (32) on.

(32) fades.
Apollo 13 near Moon (33) on,

(33) fades,
Flight deck (4) fades,

Small Mars (34) appears,
Zoom optional,

(If no zoom) (34)
dissolves into larger
Mars (35).

(35) slowly dissolves to
Mars with canals (36).

Flight deck (4) on.
Martian canal landscape

(37) on,

NASA spacecraft have been using
gravity assists for years. The
Pioneer probes used Jupitert s
gravity to accelerate them to
100,000 miles per hour - so fast
that they are destined to escape
the solar system, Mariner 10
used Venus for a gravitational
assist - to change its heading
so that it could pass by Mercury.
And when Apollo 13 on its way
to the Moon, was crippled by an
oxygen tank explosion, the three
astronauts aboard used the grav-
ity of the Moon to hurl them
home.

VOICE FROM ARGOS: Orion, this
is Argos. We have Mars ahead.
Our crew is extremely excited.
Of all the planets, this is the
one we studied most. Especially
for the past hundred years our
telescopes have examined the
features on Mars - the white
polar icecaps, the dark features
on the surface which grow and
fade as the seasons change, as
if they might be plant life
growing.

To some observers, like Percival
Lowell about 1900, those surface
markings had a special meaning.

LOWELL: Come, have a look. The
seeing's good this evening. Can
you spot the major canals and the
great central oasis? There's a
city at that oasis. It must be
fifty times the size of New York.
Oh, how lid like to go there.
Imagine - a civilization that
could build such vast canals.
Mars is only a little more than
half the size of Earth and yet
some of those canals extend for
thousands of miles. There are
rarely any clouds, so Mars must



121

(37) fades.
Martian canal (38) on.

(38) fades.
Martian city (39) on,

(39) fades,
Mars civilization

concept (40) on.

(40) fades,

(36) dissolves back into
large Mars (35) or
into zoom Mars (34).

Mariner flyby photo
of Martian craters
(41) on.

(41) fades.
Flight deck (4) fades,

be a dry planet. But there have
to be intelligent beings there;
who else could build those canals?

Yet now Mars is dying. Those
canals are the evidence, tapping
the frozen water of the polar
icecaps to irrigate the crops
at the equator where the temper-
atures are mild. But the civi-
lization is doomed; the water
is disappearing, and the deserts
are encroaching. And yet what a
mighty and noble civilization it
must be, for those canals cut
sheer and straight across the
landscape, ignoring national
boundaries, So in their desper-
ate need for water, sustenance
of life, all the races, all the
nations, all the people on Mars
joined togehter, united to pre-
serve their culture of a thousand
or a million years - a brave
people, yet doomed, and now we
are discovering their secret, we
Earthlings, slowly rising from
the age of stone, the age of
iron, the age of warfare. Oh,
how I would like to go there now,
to Mars, to see whether there
might yet be a Martian who could
tell us the secret of their global
community.

VOICE FROM ARGOS: That's what
Percival Lowell believed. Still,
most astronomers thought that the
canals were optical illusions,
but we had no way of knowing for
sure.

MISSION SPECIALIST: The answers
came from American spaceprobes -
Mariner 4 in 1965; Mariners 6 and
7 in 1969. They flew by Mars and
showed us - craters, moonlike
terrain - a very thin atmosphere;
less water than expected. There
were no canals. Hope for life on
Mars almost vanished. But then
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(35) dissolves into still
larger Mars (42) - or
(34) zooms larger.

(42)/(34) fades,

Optional; Mars cruise-probe
(43) drifts and fades
or dezooms rapidly,

Mars flyoverr" film on.
Flight deck (4) on,

came Mariner 9 in 1971 - in
orbit around Mars - and a host
of new surprises,

PILOT: Stand by for cruise-
probe launch.

MISSION SPECIALIST: As we de-
scend, we will launch a special
remote controlled aircraft to
skim over the surface and photo-
graph for us the highly unusual
features of Mars that Mariner 9
discovered.

PILOT: Three...two...one...
zero, Launch Probe ignition...
Cameras operating, (Use our
Viking slides here).

MISSION SPECIALIST: What tele-
scopes on Earth could never see,
a low-flying probe shows; that
tiny Mars -,half the size of
Earth - is a world of gigantic
features,

Here is an enormous valley - an
earthquake fracture in the crust
of Mars. From canyon top to can-
yon bottom we would drop four
miles - four times deeper than
the Grand Canyon in Arizona.
This fracture runs for three
thousand miles; this canyon, if
on Earth, would stretch from New
York to California. The tortured
features of the land tell us that
Mars is a world of change.

Even stranger is this mountain,
Olympus Mons. There are others
like itbut none as big-, Mount
Everest on Earth is 5 miles high;
Olympus Mons on Mars rises 15
miles - the tallest known mountain
in the solar system. And Olympus
Mons is a volcano - one of many
on the Red Planet. This is the
crater at its summit - 50 miles

"A 4w IWNN-Npw at$ -I I I NOW A-4
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Film fades,
fliTght deck (4) fades,

Starfield motion as if
maneuvering.

Panorama of Mars
(44) on.

wide, This is where the atmos-
phere of a planet is born. On
Earth, the eruptions of volcanoes
filled the skies with gas - cre-
ated the atmosphere of our planet-
released the water that fills our

rivers and our seas. From vol-
cunoes came the air and water
that made life possible on Earth.

But more surprising still are
channels such as this. Hundreds
of them; some extending for a
hundred miles or more. They
look like - dry washes. River-
beds, But how? We find on Mars

no liquid water; the atmosphere
is too thin; water sublimates
from ice to vapor.

Yet here is what appears to be a

three-mile-wide drainage channel-
evidence of torrential rainfall;
and sandbars - like those which

rivers make on Earth.

If so, we have come to Mars in
the midst of an ice age. The

water is stored - locked away -
some in the polar icecaps, some
frozen underground. And if
there are signs of flowing water
in the past, could there be life-

or the remains of life...waiting?

PILOT: Down five feet per second.

Forward seven. Landing site
clear. Down three; forward one.
Down one, Stand by. Probe!

MISSION SPECIALIST: Mars. It is
a desert world - craters, sand,
rock and dust. At first it looks
like a red version of the Moon.
But it's actually quite different.
Mars is a "midway planet." It is

midway in size and conditions be-

tween the Earth and the Moon.
Mars is twice the diameter of
the Moon, but half the diameter
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Sequence of llikin hoo
(45v48) begins.

(48) fades,

Liftoff sound effects
and mus ic,

(44) & (48) fade,
Starfield motion.
Alarm.
Phobos (49) drifts by.

Tumbling motion and/or
zoom optional,

Flight deck (4) on,
Phobos picture (50) on,

of the Earth. The Moon has no
atmosphere; Mars has some; the
Earth has lots. That's what
makes Mars such a fascinating
world - the Moon is dead; the
Earth is covered with life.
Midway planets such as Mars -
could there be life here?

That's why two Viking space-
craft landed on Mars in 1976.
Each lander carried three ex-
periments to search for life
and one experiment to test for
organic chemicals - the basis
for life. The biology tests
indicated that something strange
was happening, But was that
"something" alive or just the un-
usual chemical reactions of the
Martian soil? The tests for
organic molecules were negative.
So far we have found no life on
Mars, But we have only scratched
a few square inches of the sur-
face. So much of Mars is com-
pletely unexplored.

PILOT: Launch window open.. Pre-
pare for liftoff,

MISSION SPECIALIST: In the future
we will return to Mars - we, or
others. There is so much to
learn here - about how planets
develop, about what conditions
make life possible.

VOICE FROM ARGOS: fast moving
object ahead.

MISSION SPECIALIST: Thanks Argos-
we've got it on radar. It's a
space rock - 14 miles long and
11 miles wide. It's Phobos - the
largest of the two moons of Mars.
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Flight deck (4) fades.
(49) & (50) fade.
Distant Jupiter with 4

moons (51) on,
Moon motion optional,

(51) dissolves to large
Jupiter (52), Rotation
and zoom optional,

VOICE FROM ARGOS: It looks like
a sick potato. A hundred years
ago we discovered that Mars has
two moons, but even with the best

telescopes on Earth, they were
nothing but tiny dots. Look at

those craters. Phobos looks like
an asteroid which has been bat-
tered by smaller asteroids.
After all, between Mars and
Jupiter are millions of asteroids-
little planetoids -.going around
the Sun.

MISSION SPECIALIST: Think what
fun it would be to land on Phobos.
If you ran at 18 miles per hour
and jumped up, you'd actually go
into orbit around this moon of
Mars,

PILOT: Jupiter coming into
range.

MISSION SPECIALIST: There is is:
Jupiter. From this distance we
can just see its four largest
moons. They look tiny, but that's

only because Jupiter is so huge.
All four are as big as our Moon,
and one of them - Ganymede - is
even larger than the planet
Mercury. And Jupiter has at
least 10 other smaller moons.

PILOT: Range closing. Equatorial
trajectory. Velocity increasing.

MISSION SPECIALIST: Jupiter is
the largest planet. If it were

hollow, it could hold a thousand
Earths. But it would take a
thousand Jupiters to equal the
Sun.

VOICE FROM ARGOS; This is about
the best we've ever seen Jupiter
with Earth telescopes. Every-
thing from this point in closer
will be new to us on Argos. We
still can't see the surface.
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e Earths. The winds

e created by the heat
but the winds of
caused by the tre-
b coming from Jupiter's
the temperature must
.grees. That energy
ter to radiate into
times as much energy
res from the Sun. We
radiation from Jupiter

robes and with radio
>n Earth. Still,
far too small and
a star.

ad by to launch Jupiter

MISSION SPECIALIST: We cannot
land on Jupiter. It doesn't have
a solid surface but we can send
a small unmanned probe into its
atmosphere. The probe has been
equipped with a camera and a com-
puter voice so that we can see
and hear what it experiences.

Launch sounds.
Optional: Jupiter entry

probe (53) drifts or
dezooms rapidly toward
Jupiter (52),

(52) & (53) fade,
Swirling clouds on.
Stars off,

Lightning flashes,
gradually increasing.

PILOT: Launch probe.

JUPITER ENTRY PROBE VOICE: (Static,
then "tuning in".)

Jupiter Ent
Quadzero cc
plete. Al]

Entering at
Upper leve]
degrees; wi
per hour.
progress.
activity bE
possible.

ry Probe reporting.
mputer checkout com-
systems functioning.

mosphere of Jupiter.
temperature: -230

nd velocity: 250 miles
Ammonia snowstorm in
Violent electrical
low; damage to systems
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Jupiter "critters" (54)
appear and, if possible,
drift.

(54) fades,

Sound suggesting probe has
broken up, Clouds and
lightning cease abruptly,

Starfield.
Small Jupiter (55) appears

and slowly drifts away
or dezooms, if possible,

Atmospheric temperature and
pressure increasing with depth.
Temperature now up to freezing.

Composition of atmosphere: 84%
hydrogen, 15% helium, 1% ammonia
and methane. Electrical dis-
charges causing interference with
data collection, Storms are many
times more violent than the larg-
est recorded on Earth.

MISSION SPECIALIST: Our probe
is confirming for us what Pioneer
10 and 11 found as they sailed by
Jupiter in 1973 and '74.

Jupiter is important not only for
its size and unusual activity,
but because Jupiter is a giant-
size version of the primitive
Earth. The atmosphere of Jupiter
is probably very similar to the
atmosphere on Earth when life
began.

VOICE FROM ARGOS: One scientist
has even suggested that there
just might be life on Jupiter -
perhaps like this: weird creatures
with large mouths swimming through
the atmosphere absorbing chemicals
from the ocean of air. It's a
wild idea, But maybe not impos-
sible,

JUPITER ENTRY PROBE VOICE: Depth
now 100 miles. Temperature +4300
degrees. Wind velocity decreasing.
Visibility near zero. Pressure
increasing. Electrical activity
increasing all quadrants.

Temperature and pressure increas-
ing to critical levels. Pressure...

PILOT: Our Jupiter Entry Probe
is no longer transmitting. It
was destroyed by rising heat and
pressure or was hit by lightning.
Were analyzing the data to deter-
mine which.
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(55) fades.

Saturn (56) on.
Revolving rings and/or

zoom option al.

Flight deck (4) on,

Galileo's view of
Saturn (57) on,

(57) fades.

Saturn's rings resolved
(58) on.

(58) fades,

MISSION SPECIALIST: Perhaps
future NASA missions will be
able to drop balloonprobes into
the jovian atmosphere.

It may be that astronauts could
never land on Jupiter because of
the overwhelming radiation, heat
pressure, and lightning, but we
should be able to establish bases
on some of Jupiter's moons. At
least two of them are so large
that they actually retain atmos-
pheros of their own.

PILOT: Planet ahead and closing.

MISSION SPECIALIST: The beautiful
world of Saturn with its rings.

Even though Saturn is very large,
it's surprisingly light for its
size. If you had a big cup of
hot chocolate and dropped Saturn
into it, Saturn would bob and
float like a marshmallow.

VOICE FROM ARGOS: Saturn's rings
have always fascinated us.
Galileo almost discovered them in
1609 with his first feeble tele-
scope, He thought Saturn had
"ears t and kept cleaning his
lenses to make them go away. He
died without realizing what he
had seen. It was 50 years before
the truth was known.

MISSION SPECIALIST: We expect
that spaceprobes to Saturn will
show that up close the rings look
like this; countless rock and ice
fragments - each in its own orbit.
Saturn has at least 10 sizeable
moons, but each of the fragments
in the rings is a satellite as
well. You might say that Saturn
is a world with a billion moons.

VOICE FROM ARGOS: We've always
wondered: why does Saturn have
rings?
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(56) dezooms, sinks, or
fades,

Starfield motion.
Argos (59) on. Drift

or dezoom optional.

Neptune (61) on.

(59) fades.
Pluto (62) on; (60) & (61)

fade,

MISSION SPECIALIST: The answer
isn't certain. Perhaps millions
of years ago Saturn had one more
moon than it does now. But that
moon drifted too close and was
ripped apart by Saturn's gravity.
Many of the fragments continued
to orbit the planet just as if
they were still a moon, and that
may be what we see today as the
ring system of Saturn,

PILOT: Continuing course out-
bound. Vector lock-in complete.

MISSION SPECIALIST: Saturn is
almost a billion miles from the
Sun, but to reach the next planet,
Uranus, we must travel another
billion miles.

VOICE FROM ARGOS: Look, Uranus
has rings. We had always thought
that Saturn was the only planet
with rings in our solar system.

MISSION SPECIALIST: Yes. The
discovery was quite a surprise
back in 1977. The rings of Uranus
are too faint to be seen with tele-
scopes on Earth. They were dis-
covered by accident when the rings
eclipsed the light of a star that
Uranus was about to pass in front
of.

Out another billion miles from
Uranus is Neptune. Both Uranus
and Neptune are much larger than
the Earth but only about one-third
the size of Jupiter and Saturn.
All we see of these planets is
their atmospheres - hydrogen,
helium, and methane. There may be
ammonia clouds down near the icy
surface, and, below that, a rocky
core.

Beyond Neptune is Pluto, the out-
ermost planet. It rivals Mercury
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Grain-of-wheat lamp
as distant Sun on,

Slow starfield motion.

Pluto (62) fades,

Grain-of-wheat lamp fades,
Faster starfield motion

briefly (to set up
starfield for optional
star identification
section),

for being the smallest planet in
the solar system. Pluto may once
have been a moon that escaped
from Neptune,

From Pluto's distance, 3 1/2
billion miles from Earth, it's
interesting to look back toward
the Sun. We begin to see the Sun
for what it is - a star. The Sun
is still much brighter than the
other stars because we are still
so much closer to it than to the
stars, but this far away the Sun
can furnish very little heat. The
temperature of Pluto is about 400
degrees below zero - so cold that
the atmosphere of Pluto lies fro-
zen on the ground.

VOICE FROM ARGOS: We once had
some pretty romantic ideas about
the planets - Venus inhabited by
a race of hot-blooded lovers;
great giants living on Jupiter.
But really almost all the planets
are pretty inhospitable - either
freezing or boiling; either air-
less or smothered in unbreathable
gases. It makes you appreciate
what a remarkable oasis for life
the Earth is,

MISSION SPECIALIST: And beyond
Pluto in our solar system, there's
nothing but some lonely comets,
frozen balls of ice, and they're
too small and dark to see this
far from the Sun,

PILOT; Stand by to initiate
homebound course maneuver.
Mark.,,.Burn looks good,

MISSION SPECIALIST: It's a long
way home, and on our way we've
still got one stop to make near
the Earth - 3 1/2 billion miles
from Pluto,
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OPTIONAL STAR IDENTIFICATION SECTION
(To omit: begin cut here)

We've seen all the planets in
the solar system and we cannot
travel to the stars - not yet.
But what a view we have of the
sky - with no Earth atmosphere
in the way. Astronomy Special-
ist -

LOCAL PLANETARIUM LECTURER
(Live or taped)

Standing by,

MISSION SPECIALIST: Why don't
you take over and point out
some of the stars in the sky?

LOCAL PLANETARIUM LECTURER
(Live or taped. The following
is only one possible approach.)

Happy to. Even though we've
traveled four billion miles from
Earth, the stars are so far away
that we haven't made any real
progress toward them. So the
stars we see right now are the
same stars in the same patterns
as we see them on Earth - in
fact, just as we would see them
from (Salt Lake City) this eve-
ning. And this sky is little
changed from the heavens that
our ancestors studied thousands
of years ago. In a real sense,
that was the beginning of the
space program - mankind striving
to know about the stars and plan-
ets in the sky...

Constellation figures
as required. (Lecturer conducts a brief star

and constellation identification
session, using the pointer and,
if available, superimposed con-
stellation figures.)

,.But all this time we have been
gathering speed, headed for our
final port-of-call.
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OPTIONAL STAR IDENTIFICATION SECTION
END HERE

(Master tape Side 2 starts here)

VOICE FROM ARGOS
(On tape)

Our destination is th6 Moon. Of
all the allurements in space, it
was always the idea of moonflight
that most fascinated us and finally
drew mankind upward from the Earth.

Wan Hu watching fire-
works (63) on,

(63) fades.

Wan Hu jumping off Moon
(64) on.

(64) fades.
Wan Hu in chair (65) on.

Explosion; strobe, if
possible.

(65) off quickly,

Moon (66) on.
Drift and/or zoom
optional,

The first rocket journey to the
Moon was planned 500 years ago in
China. Legend says the astro-
naut s name was Wan Hu. He had
watched fireworks displays and
decided that skyrockets were the
means to fly him to the Moon.
Getting home would be no problem.
He would simply bring along a set
of wings, wait until the Moon was
high in the heavens, then jump
off the Moon, flap his wings, and
glide back down to Earth.

So Wan Hu had 47 black-powder sky-
rockets strapped to his favorite
chair. At his signal, 47 assis-
tants lighted all 47 rockets. The
world's first rocket countdown had
begun...

We don't know for certain if Wan
Hu was successful in reaching the
Moon, History says only that Wan
Hu was sent to visit his ancestors.

PILOT: Full retrofire underway.
Velocity decreasing. Initiating
lunar orbital insertion sequence.

VOICE FROM ARGOS: Until the tele-
scope was built, the Moon was really
the only body in the heavens that
had a face - clear features on its
surface that could be seen. For
ancient man, the Moon provided
light after the Sun had set. The
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Flight deck (4) on,

Galileo's view of Moon
(67) on.

(67) fades.
Lunar farside (68) on.

(68) fades,
Ranger photo (69) on, then

fades.
Ranger closeup (70) on,

then fades.
Surveyor photo (71) on,

then fades.
Orbiter photo (72) on.

(72) fades.

Present Moon (73) on.

(73) dissolves into
Imbrium Event Era
Moon (74).

changing phases of the Moon
provided the first calendar
more than 30,000 years ago.

Then Galileo aimed the first
astronomical telescope at the
Moon in 1609 and discovered -
craters, mountains, great pitted
plains.

But we had little understanding
of what we saw. How were the
craters formed? What were
those dark-colored plains?

In the 350 years since Galileo,
we learned virtually all we could
from our position on the Earth,
at the bottom of a murky turbulent
sea of air. The realm of plane-
tary knowledge was a dormant field
waiting for a breakthrough.

MISSION SPECIALIST: The answers
began to come with the opening of
the Space Age. A Soviet space-
probe gave us our first look at
the far side of the Moon. Ameri-
can Ranger probes plunged into
the Moon, giving us a closer look
than any telescope on Earth can
see. Surveyor probes landed
softly on the Moon to examine
the soil. Lunar Orbiters cir-
cled the Moon and mapped the sur-
face, photographing from 30 miles
up objects as small as three feet
across.

For the first time, a comprehen-
sive view of the history of the
Moon began to emerge. Today the
Moon looks like this. But four
billion years ago the Moon was
very different. Through its
first half billion years, the
newly formed lunar crust sus-
tained a vast barrage of meteor-
ites - large and small - debris
left over from the formation of
the planets. The face of the

w -104mum, mowmw- 1,



134

(74) dissolves into
lava flow Moon (75).

(75) dissolves into
Present Moon (76) again,,

(76) dissolves into boot
and footprint (77)

(77) dissolves into
footprint (78).

(78) dissolves into
astronaut LM leg
(79).

(79) dissolves into
astronaut & shadow (80),

Moon was a jumbled mass of cra-
ters piled on craters. The
greatest meteorite fell about
4 billion years ago and hollowed
out a crater 800 miles in dia-
meter. The impact caused hot
lava to burst through the floors
of the largest craters and flood
these giant basins, The lava
spilled over the crater walls to
flood and smooth and darken vast
areas of the Moon. The ages
passed and occasional meteorites
blasted out new craters, some-
times crashing with such force
that fragments of the Moon were
hurled for miles in all direc-
tions to form the beautiful ray
systems we see today.

VOICE FROM ARGOS: We had specu-
lated that the Moon might be
covered with dust several miles
deep. We were worried that a
spacecraft landing there would
sink out of sight.

MISSION SPECIALIST: But now we
knew - we could go there. And on
July 20, 1969, for the first time
there was a human footprint on
the Moon, And because there is
no air on the Moon, and thus no
wind or rain or snow, that foot-
print is destined to last a million
years.

It is the lack of air that makes
the Moon a fascinating world inimi-
cal to man. The astronauts even
had to be careful with their sha-
dows, Shadows on the Earth are
only grey because of light re-
flecting off of particles sus-
pended in the air. But there is
no air on the Moon and thus the
shadows are almost perfectly
black - and dangerous. If we
walk with our backs to the Sun,
stepping on our shadows, we could
trip over a rock or fall in a
crater that we could not see.
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(80) dissolves into
solar wind experiP
ment (81).

(81) dissolves into
seismic experiment (82)

(82) dissolves into large
rock (83)

(83) dissolves into soil
collection (84),

(84) dissolves into Rover
at Mt. Hadley (85).

(85) dissolves into Rover
at Hadley Rille (86).

(87) dissolves into Rover
racing (87).

(87) fades.
Flight deck (4) off.
Starfield motion.to

suggest maneuvering.

Moon panorama (88) on.
Earth in sky (89) on.

(88) dissolves into
pre-Apollo Moon
panorama (90).

It might have been possible to
explore the Moon with machines
alone, but not as well as men
using machines. Because of
astronauts, experiments could
be placed most favorably; to
collect the particles from the
Sun, or to measure lunar earth-
quakes. Astronauts could search
out unusual features - could
choose the right soil samples,
could collect and bring to Earth
the secrets of the Moon, a history
written in the moon rocks. By
using the lunar roving vehicle,
a spacecraft on four wheels, they
could travel to the base of a
mountain three miles high, or
to the edge of a rille, so deep
that it could almost hide the
Empire State Building. They
could roam for miles - and set
a new lunar land speed record...
11 miles per hour.

PILOT: Down five at five. For-
ward two, Forward one. Down
two. Down one. Probe. Engine
arm off. Switches secure. We're
down.

VOICE FROM ARGOS: We stand upon
the Moon. It was here that men
from Earth first set foot upon a
new world. For 4 1/2 billion
years, moonlight bathed the Earth.

For the past two million years
mankind has watched in fascina-
tion the motions and changes of
the Moon. Now we stand upon the
Moon and gaze back upon the Earth.

We are overwhelmed by what we
find. We expected the Moon to
look more like this. We thought
the mountains would be steep and
jagged; that the surface would be
like baked mud - full of cracks
because of the temperature ex-
tremes. We simply could not
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imagine the features of a world
with no erosion due to wind or
water.

This is the Moon we expected to
find only a short time ago, as

the space program was beginning.

(90) dissolves back into Look at the contrast - how much

Moon panorama (88), we learned by actually going
into space.

MISSION SPECIALIST: Think of it -
the Earth and Moon lie the same

distance from the Sun; both are

4 1/2 billion years old; both
are made of essentially the same

chemicals - yet the Earth is

teeming with life, and here is

not a trace that life ever began.

The reason is mostly size. The

Earth is 81 times the mass of the

Moon, so the Earth has gravity
enough to hold an atmosphere.
The Moon is so small - its gravity

so weak - that it can hold no air.

And that has made all the differ-
ence,

Here on the Moon the daytime tem-

peratures rise to almost 250
degrees Fahrenheit and then fall
to -250 at night. The Moon has

no atmosphere to reflect the day-

time heat or to hold in the warmth
at night.

The Moon is covered by craters -

almost all of them created by me-
teorites falling from space. The

Earth has gotten hit by even more

meteorites than the Moon - it's a

bigger target. But on Earth the

craters don't last long. The rea-

son is the atmosphere. Winds scour

the landscape. Rain and snow erode
the soil. Soon the crater has

vanished, But on the Moon there

is no atmosphere, and hence no

wind or rain or snow, and so the
craters and the rocks last for
billions of years.
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Moon panorama (88) fades
leaving Earth (89)
alone in sky.

Launch sound effects and
music,

Moon departure film on,
dissolves into Moon (66)
dezooming toward rear or
side (optional: Orion
(91) dezooms toward Earth),

Earth (89) zooms in front of
audience, Moon, and
later Earth, fade,

Sunrise colors (92) on and
intensifying9

Red ablation trail reveals
sunrise.

And this is why the Moon is so
important. It is a museum of
the solar system. Here we can
find material that is almost
unchanged since the solar system
began. When we want to know the
early secrets of the formation
of the Sun and planets, we go to
the Moon.

VOICE FROM ARGOS: The first step
has been taken - we have walked
upon the Moon. We are reaching
toward the planets. We came as
scientists to unlock the secrets
of the Earth - the secrets of the
universe, We leave behind a
legacy of inquiry and commitment,
a legacy of knowledge and achieve-
ment. And something more. For as
we stand upon the Moon, gazing
back at our home planet, we behold
the greatest legacy of all.

VOICE: "To see the Earth as it
truly is, small and blue and
beautiful in the eternal silence
where it floats, is to see our-
selves as riders on the Earth
together, brothers on that bright
loveliness in that eternal cold -
brothers that know now they are
truly brothers."

(Excerpt from prose-poem by
Archibald MacLeish),



APPENDIX C

SPECIAL VISUAL EFFECTS
FOR

"THE LEGACY"

Used with the permission of the Hansen Planetarium

All visuals are listed in the sequence that they appear

in the show and in the annotated show script. Master slides

were provided in a show package. These slides were repro-

duced for use in the Mesquite School Planetarium.

The three film segments and the numbered visuals are

included in the show package. The numbered visuals are fur-

nsHed as cardboard-mounted 35mm slides. The unnumbered

visuals (except for the film) are not supplied with this
package.

XF indicates that the slide is part of a crossfading

sequence. These slides are supplied in 35mm half-frame
format.

1. Space Shuttle on Launch Pad
2. Credits (could be installed in crossfader)

(2a) Title
(2b) Foundations
(2c) Hansen Planetarium
(2d) Author
(2e) Audio Production/Film Editing
(2f) Visual Effects, Photography, Models
(2g) Artwork
(2h) Distribution/Management
(2i) Acknowledgements

3. Launch Control "Screen"
Film of Shuttle Launch

4. Spacecraft Flight Deck Viewing Screen

5. Orion Spacecraft (Side View)
6. "Argos" Spacecraft (Side View)

Cove-level instrument panel ("busy boxes")

7. Flight Plan: From Earth Past Venus & Mercury XF

8. Flight Plan: Past Sun XF
9. Flight Plan: Past Outer~Planets XF

10. Flight Plan: Inward Bound XF
11. Flight Plan: Toward Moon XF

12. Flight Plan: From Moon to~Earth XF
13. Venus
14. Jungle Venus XF
15. Desert Venus XF

138
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16. Oily Venus XF
17., Radar Map of~Venus XF
18. Venusian Surface (Soviet Photo) XF
19. Venus in Ultraviolet XF
20; Mercury
21. Mercury from Earth XF
22, Crescent Mercury XF
23. Cratered Mercury XF
24. Cratered Mercury Closeup XF
25. Caloris Basin on Mercury XF
26, Scarp on Mercury XF
27. "Argos" Spacecraft~(Top Rear Oblique View)
28. Sun with Prominences
29, E=mc2 Equation
30. Spacecraft with Solar Panels
31. Pioneer at Jupiter XF
32. Mariner at Venus XF
33. Apollo 13 Near MooE XF
34. Small Mars ~~
35. Larger Mars
36. Mars Drawing with Canals (same size as #35)
37. Martian Landscape XF
38. Martian Canal XF
39. Martian City X~
40. Martian Civilization XF
41. Mariner Flyby: Martian~Craters XF
42. Still Larger Mars
43. Mars Cruise-Probe

Film of Mars Flyover
44. Panorama of Mars (6 panels)
45. Viking photo XF
46. Viking photo XF
47. Viking photo XY
48. Viking photo XF
49. Tumbling Phobos
50. Phobos XF
51. Jupiter~with Moons
52. Large Jupiter
53. Jupiter Entry Probe

Swirling Clouds of Jupiter
Lightning

54. Jupiter "Critters"
55. Small (medium-size) Jupiter
56. Saturn
57. Galileo's View of Saturn XF
58. Saturn's Rings Closeup XF
59. "Argos" Spacecraft (Bottom Rear Oblique View)
60, Uranus with Rings
61, Neptune
62. Pluto

Distant Sun (grain-of-wheat lamp)
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Constellation Figures as required
63. Wan Hu Watching Fireworks
64. Wan Hu Jumping off Moon
65. Wan Hu in Chair

Explosion (strobe or flashbulb)
66. Full Moon
67. Galileo's View of Moon XF
68. Lunar Farside (Soviet PN~to) XF
69. Range Photo XF
70. Ranger Closeup Photo XE
71. Surveyor Photo XF
72. Orbiter Photo XF
73. Present Moon XF
74. Imbrium Event~Era Moon XF
75, Lava Flow Era Moon XF
76. Present Moon XF
77. Astronaut Boot Footprint XF
78. Astronaut Footprint Closeup XF
79, Astronaut LM Leg XF
80, Astronaut with Shad oW XF
81. Solar Wind Experiment XE
82, Seismic Experiment XE
83. Astronaut at Large Rock XF
841 Astronaut Collecting Soil XE
85. Rover at Mt. Hadley XF
86. Rover at Hadley Rille XF
87, Rover Racing XF
88. Panorama of Moon (6 panels)
89, Earth
90. Panorama of Pre-Apollo Moon (6 panels)

Film of Moon Departure
91. "Orion" Spacecraft (Rear Oblique View)
92, Sunrise Clouds

Ablation Trail
Rising Sun



APPENDIX D

PROGRAM MUSIC
Used with the permission of the Hansen Planetarium

Khamma

Beneath the 12 Mile Reef

Journey to the Center of the Earth

Symphony #2

Logan's Run

Airport '75

Atmosphere

Symphony #3

Tapiola

Sonic Seasonings

Towering Inferno

Westworld

Stop

Rhapsodie Espagnole

The Shoes of the Fisherman

The Day the Earth Stood Still

Spartacus

The Pines of Rome

The Guns of Navarone

Claude Debussy

Bernard Herrmann

Bernard Herrmann

Ralph Vaughan Williams

Jerry Goldsmith

John Cacavas

Gyorgy Ligeti

Serge Prokofiev

Jean Sibelius

Walter Carlos

John Williams

Fred Karlin

Karlheinz Stockhausen

Maurice Ravel

Alex North

Bernard Herrmann

Alex North

Ottorino Respighi

Dimitri Tiomkin
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