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 CHAPTER II

REVIEW OF THE LITERATURE

The purpose of this review is to provide the reader with a general overview of

the kinds of studies that have been conducted on planetaria in public school

education.  A brief history of the development of visual aids to teach astronomy

(i.e., planetaria) followed by a chronological summary of selected studies will be

presented.  Although these studies do not relate directly to this researcher’s study,

two studies ( Mallon, 1980; Ridky, 1974) will be covered in more detail to provide

the reader with examples of the methodologies used in some of the planetarium

studies.

 No studies on public-school-owned planetaria were found prior to 1962.  A

total of 23 planetaria studies were found in the period between 1962 and 1989.  No

studies were found on public-school-owned planetaria since 1989. 

The literature on planetaria in education reveals a mixture of topics. Studies

have been conducted on the effectiveness of using the facilities in teaching

astronomical concepts using the theories of Piaget (Bishop, 1976, 1980). 

Researchers have studied the attitudinal changes of students toward science in

general and astronomy in particular for students attending planetarium “shows”

(Mallon, 1980; Mallon & Bruce, 1982).  Studies have been conducted comparing
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the planetarium teaching environment to the classroom environment with regard to

student achievement (Reed, 1970; Ridky; 1974; Rosemergy, 1967; Smith, 1966;

Smith, 1974b; Sunal, 1973; Wright, 1968). The results of some studies indicated the

planetarium was not more effective than the classroom (Reed, 1970; Rosemergy,

1967; Smith, 1966; Sunal, 1973).  Other studies indicated the planetarium created a

positive attitude in students toward science and had a positive effect on the

instructional process (Hayward, 1976; Mallon, 1980; Mallon & Bruce, 1982; Ridky,

1974; Smith, 1974b; Sunal, 1976).

Studies were conducted on the teaching methodology used in presenting

planetarium lessons (Fletcher, 1977; Mallon, 1980).  Dean (1971) developed

guidelines for the selection of a planetarium instrument.  Researchers have

emphasized a differentiation should be made between public-school-owned

planetarium facilities and larger museum planetaria based on educational objectives

(Hayward, 1976; Ortell, 1977).

No nationwide studies were found on the planetarium directors of public-

school-owned planetaria with regard to the job, the curriculum, or teaching

strategies.  No nationwide studies were found on planetarium facilities and

equipment, or school and community use of public-school-owned planetaria.
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The literature review concludes with current research on the importance of

teaching science in the nation’s public school system to meet current national goals.

A Short History of the Use of Planetaria in Instruction

Visual educational aids for the instruction of astronomy dates to the earliest

history of humankind.  Chinese, Egyptian, and Greek scholars all developed

instructional materials designed to aid the understanding of astronomical concepts.

The earliest instructional devices were star charts produced by the Chinese around

15,000 BC (Staal, 1988).  As early as 300 BC, the Greeks constructed celestial

globes which displayed the positions of the stars in constellation patterns as well as

some of the celestial coordinates such as the poles, equator, and the path of the sun

known as the ecliptic (Hagar, 1973).  The first recorded Greek description of a star

pattern ( i.e., constellations) was in 270 BC by the Greek poet Aratus (Proctor,

1972).  These globes and charts usually illustrated the star patterns in reverse, as

compared to the real sky.  Early astronomers considered the sky as a vaulted ceiling

or celestial globe.  Celestial globes were constructed with the viewer looking from

“outside” the earthly view.   Names such as Copernicus, Ptolemy, Galileo, Kepler,

and Newton were early science educators who developed instruments designed for

the teaching of astronomy.
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As astronomical concepts became increasingly complicated,  more complex

methods were developed to teach astronomy.  Small mechanical devices to show the

movements of the planets, called “orreries,” were constructed. Named for the fourth

Earl of Orrery (1676-1731), these orreries displayed the motions of celestial bodies

such as the planets, sun, and moon (Smith, 1974a).  Celestial globes became larger

and more complex.  Some of these celestial globes were constructed of metal and

drilled with hundreds of holes to represent the stars.  Viewers were placed inside the

globes to view celestial objects as spots of light.  One of the best examples of this

type of globe was the Gottorp Globe constructed in the middle of the 17th century

(Hagar, 1973).  The largest globe of this type is still in existence today and is

located at the Museum of the Chicago Academy of Science.  Known as the Atwood

Globe, it was constructed in 1912-13.  It measures 15 feet in diameter and contains

692 star perforations depicting stars down to fourth magnitude (Chartrand, 1973). 

The Atwood Globe’s name was changed from “globe” to “planetarium” for

unknown reasons.  

The introduction of advanced mechanical parts to these early planetaria, along

with the development of the projection star field, led to the modern planetarium star

projector used in educational facilities.  The Carl Zeiss optical factory in Germany

developed the first modern planetarium star projector in 1923 (Chartrand, 1973).
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The ability of these machines to accurately reproduce the night sky was impressive. 

Educators recognized the pedagogic possibilities of these facilities, and planetarium

facilities were soon constructed throughout Europe.

The first planetarium installation in the United States was in 1930 at the Adler

Planetarium in Chicago.  Shortly thereafter planetaria opened in Philadelphia,

California, and New York (Hagar, 1973).  According to C. H. Holmes (personal

communication, November 18, 1997), president of Spitz Incorporated, the nation’s

largest planetarium manufacturer, the first planetarium delivered to a public school

system in the United States was in Philadelphia, Pennsylvania, in 1947, and the first

Virginia public school planetarium facility was installed in the Fairfax County public

school system in 1961-62.  Holmes stated, “. . . there are more than 800 public-

school-owned planetarium facilities in the United States, and the number is

increasing each year.” 

National Studies on Planetarium Education

In the 1960s and 1970s, planetarium facility construction grew rapidly in the

public school systems across the United States.  Public school systems were

receiving federal funding under the National Defense Education Act (N.D.E.A).

These funds were provided to correct a perceived imbalance in the nation’s

educational program as a result of the Russian launch of Sputnik.  Title I of
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N.D.E.A. allowed the federal government to provide funds to America’s educational

system in areas considered important to the national interest.  Title I allowed “ . . .

the federal government to give assistance to education for programs which are

important to our defense” (U.S. Statutes, 1959, p.1581).

American politics at this time in history considered education as the main

weapon to win the “Brain Race” (Urban & Wagoner, 1996).   Title III of N.D.E.A.

targeted specific subject areas and provided funds for science, mathematics, and

modern foreign language instruction.  Sec. 303 of  Title III provided funds for

laboratories, special equipment, and audiovisual equipment. With federal funding

provided by sec. 303, public school systems began constructing new science

laboratories in the form of planetarium facilities.  Although N.D.E.A. provided funds

in the 1960s and 1970s for the construction of public-school-owned planetaria,

today the funding of public-school-owned planetaria mostly remains a local

responsibility.

A brief description of early studies that led researchers to indicate the

planetarium did not improve instruction follows:

Smith (1966) studied the effect of the planetarium on learning basic

astronomical concepts including constellation identification.  He used 24 randomly

selected classes of elementary students.  Half of the sample received instruction in
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the planetarium and half received only classroom instruction.  The classroom classes

used visual aids, including a celestial globe and 35mm slides of constellations.  He

examined posttest scores and found the planetarium experience did not produce

significant results above the regular classroom. Smith concluded the planetarium

experience did not increase the cognitive level of students.

Rosemergy (1967) studied the planetarium’s effect versus the classroom’s

effect on teaching basic celestial motions and the phases of the moon. Using

elementary students and a three-group design, he selected two groups to receive

different levels of instruction in the planetarium and classroom. Group I received a

total of five lessons with only the last lesson taught in the planetarium.  Group II

received a total of five lessons with the first and last lessons taught in the

planetarium.  Group III did not receive any planetarium experience and was taught

only in the classroom environment.  Rosemergy stated there was no significant

difference in the level of understanding of those students who experienced the

planetarium and those who were taught only in the classroom.  

Reed (1970) investigated 758 college students enrolled in a basic astronomy

course over two semesters.  Students were randomly divided into two groups.  One

group was taught in the classroom and the other group received all instruction in the

planetarium.  At the end of each semester mean test scores were compared.  The
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classroom group scored significantly higher at the .05 level.  In delayed 

posttest scores the classroom group also scored significantly higher.  He concluded

the classroom experience using a chalkboard and celestial globe to teach selected

astronomical concepts was superior to the planetarium.  Using a multiple choice

questionnaire on attitude toward astronomy, he concluded the planetarium did not

influence the affective domain.  The classroom group and the planetarium group

showed no significant differences in attitude toward astronomy.

Sunal (1973) studied 986 2nd-grade elementary students to determine if a 55

minute planetarium lesson made any difference in the outcome of a two-week

astronomy unit.  The students were divided into three groups.  Group I received a

two-week astronomy unit taught in the classroom.  Group II received a two-week

astronomy unit which included one 55-minute planetarium lesson.  Group III did not

receive any astronomy instruction.  An analysis of pre and posttest scores allowed

the researcher to concluded planetarium experience did not increase student

understanding above the regular classroom instruction.  It is my opinion, based on

30 years as a planetarium educator, that Sunal’s study design would be in question

based on the ability of 2nd-grade students to grasp any firm understanding of

astronomical concepts on any measurable scale.
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A brief description of studies that led researchers to conclude that the

planetarium made some difference in the cognitive or affective domains follows:

Wright (1968) studied the effect of a planetarium experience on 8th-grade

students studying astronomy.  He compared students who had completed a unit of

astronomy taught in the classroom with those who had part of the unit taught in a 

planetarium.  He concluded the planetarium made a difference based on test scores.

Smith (1974b) explored the effect of a planetarium experience on the teaching

of constellation identification to students.  Smith used a three-group design: Group I

viewed 35mm slides of constellations in the classroom; Group II viewed 35mm

slides of constellations in the planetarium; Group III visited the planetarium and

viewed the real sky for their constellation study. When tested under the real sky on

constellation identification, all scored about the same; however, when tested on

paper, the planetarium group (Group III) performed lower.  Smith concluded Group

III had a more positive attitude toward astronomy; therefore, the planetarium had a

positive effect on the affective domain. 

The next study (Ridky, 1974) is discussed in more detail to provide an

example of the methodology used in some of the studies on pubic-school-owned

planetaria.
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Ridky (1974) studied the planetarium as an instructional aid in teaching

astronomical concepts.  Using a Pretest-Posttest, Three-Group Design (Campbell &

Stanley, 1963), 100 8th-grade students were randomly assigned to one of three

groups.  Group I was given a total of five lessons, all taught in the planetarium

facility.  Group II was taught the same five lessons, all in the school science

classroom.  Group III was given the same five lessons with sessions randomly

assigned to be taught in the planetarium or the science classroom.  The study was

replicated at the same time in a local college to possibly identify any differences

attributed to educational level.  All groups were pretested on basic celestial and non-

celestial content knowledge. 

Groups were also further divided into two teams: A and B.  Team A received

an orientation session on the planetarium prior to any instruction.  Both teams next

received a planetarium lesson, and both teams were then tested on the astronomical

concept of stellar and planetary motion explored in the planetarium.  The tests were

developed by Ridky and required memory of visual phenomena.  Some of the

questions required some spatial relationship skills.  

Posttest content knowledge of basic celestial and noncelestial motion data

revealed Team A (orientation) had higher posttest means (M = 9.25, SD = not

reported) compared to Team B (M = 7.88, SD = not reported); however, a t-value of
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1.71 indicated no statistically significant difference in the means.  Teams were

subdivided into three instructional groups.  Group I was involved in a planetarium

lesson, Group II experienced only classroom instruction, and Group III experienced

combined planetarium and classroom instruction.  Each group received two weeks

of instruction involving one period per day devoted to the subject of astronomy. 

The sessions in the planetarium were taped, and students were not asked to

manipulate models or answer questions during the lessons.  The classroom sessions

all involved student manipulation of materials.   Group III (8th-grade combined

planetarium-classroom) scored higher (M=11.27, SD=2.49)than Group I (8th-grade

planetarium) or Group II (8th-grade classroom) (M=8.94; SD=3.25, M=7.91, SD=

2.15 respectively).  In the college sample, Group III (combined planetarium-

classroom) also scored highest (M=14.00, SD=2.73) while Group II (classroom)

scored higher than Group I (planetarium) (M=13.43, SD=3.27; M=13.20, SD=3.09

respectively) (see  Table 2).  Posttest scores indicate the planetarium group (Group

I) scored comparably to the classroom group (Group II).  In both teams the

combined instruction (Group III) displayed higher means (see Table 3).  Ridky

concluded that at the junior high level planetarium instruction combined with

student-centered activities in the classroom had a positive effect on student

achievement.  Ridky also measured 
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Table 2

Pretest Differences Among Three Instructional Treatment Groups on Content 

Knowledge of Astronomy

                                       
                                      Eighth grade                                    College
                                 __________________                   ___________________
        Group              n             M             SD                  n            M          SD
__________________________________________________________________

Group I                   47            8.94          3.25                25        13.20            3.09

     (Planetarium)

Group II                 23            7.91           2.15                21         13.43          3.27

     (Classroom)

Group III               26          11.27           2.49                25         14.00          2.73

     (Combined)
__________________________________________________________________
Note.  Adapted from “A study of planetarium effectiveness on student achievement,

perceptions, and retention, by R. W. Ridky, April 1974. Paper presented at the 47th

annual meeting of the National Association for Research in Science Teaching,

Chicago.  Copyright 1974 by R. W. Ridky. 
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Table 3

Posttest Differences Among Three Instructional Treatment Groups on Content 

Knowledge of Astronomy 
__________________________________________________________________
                                      Eighth grade                                    College
                                 __________________                   ___________________
        Group              n             M             SD                    n            M               SD
__________________________________________________________________

Group I                   43           9.09           3.41                 19         14.00          2.57

     (Planetarium)

Group II                 23           7.61           2.53                  17         14.06         2.92
     (Classroom)

Group III                28         14.14           3.11                  21         15.00         2.93
     (Combined)
__________________________________________________________________
Note.  Adapted from “A study of planetarium effectiveness on student achievement,

perceptions, and retention, by R. W. Ridky, April 1974. Paper presented at the 47th

annual meeting of the National Association for Research in Science Teaching,

Chicago.  Copyright 1974 by R. W. Ridky. 
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student perception of astronomy in general.  There was a positive perception change

in the groups using the planetarium at both the junior high and college levels.  Ridky

concluded planetarium facilities have their greatest effect on student attitudes, thus

facilitating achievement and he recommends planetarium experiences be developed

to primarily affect to affective domain.

Bishop(1976) investigated the effectiveness of a planetarium facility based on

the research of psychologist Jean Piaget.  The levels of understanding as a function

of a student’s maturation level was explored.  Bishop suggested the planetarium

could accelerate understanding of astronomical concepts. Bishop explored students

in their early school experience  (e.g., kindergarten, first grade) up through high

school.  Based on Piaget’s assertion that understanding is a function of maturation,

suggestions were made as to what astronomical topics might best be taught in the

planetarium environment for students at different maturation levels.

 According to Piaget, students below the 3rd-grade are unable to correctly

comprehend the concepts of motion, space, and time.  Thus, Bishop (1976)

suggested that planetarium programs which emphasize such topics as the phases of

the moon or the motions of the planets around the sun would be difficult and

inappropriate below grade 3.  Piaget suggested students begin to develop the ability

to define, order, and classify information starting at about the 2nd-grade to 3rd-
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grade.  Thus, Bishop suggested planetarium programs centered around categorizing

information and observations would be appropriate for 2nd-grade or 3rd-grade

students.  Planetarium programs based on deductive reasoning should not be taught

until 6th-grade or 7th-grade. Based on the levels of development as studied by

Piaget, Bishop concluded the planetarium might best be used to facilitate the

development of children through learning activities that are appropriate to their

maturation levels, enjoyable, exciting, and relevant to the world in which they live.

Bishop emphasized individualized instruction in the planetarium environment as an

important link to successful planetarium instruction. 

The research of Ridky and Bishop suggest the major effect of a planetarium

in education is its effect on students’ attitudes toward the learning process.  Students

who visited a planetarium demonstrated a positive change in attitude for the subject

matter.  

Past research has also shown that the use of visual aids can improve student

achievement (Smith, 1966).  Garner, Gillingham, and White’s (as cited in Harp &

Mayer, 1997) introduced the term “seductive detail” as material introduced to make

the subject more interesting. The planetarium environment is in itself dramatic and

seductive and affords a level of interest to the student not often found in the

traditional classroom. According to Harp and Mayer, emotional interest theory
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(Kintsch, 1980), when subject matter is more interesting (e.g., visually stimulating)

students will pay more attention and learn more.  This concept of interest, as an

important component of learning, dates back to Dewey’s (1913)  Interest and Effort

in Education (Harp & Mayer, 1997).  A promise of cognitive interest theory is as

subject matter becomes more interesting students develop better understanding.

Overall, the promise is that as student interest levels rise, attitudes about the subject

become more positive. According to Harp and Mayer, planetarium directors and the

facilities they operate are in an excellent position to facilitate the learning of

astronomical concepts. 

Studies on planetarium facilities have usually focused on the effects of

instruction within these facilities on cognition of astronomical concepts.  Tests have

been developed and tested to measure the relative effects of the planetarium

experience compared to the classroom experience (Hayward, 1976).  Researchers

indicate the planetarium is a valuable teaching aid, but it does not replace the

traditional classroom.  Students are able to learn difficult astronomical concepts in

both environments. 
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Researchers have indicated that the planetarium environment and the

personnel operating these facilities have an opportunity to make a positive

difference in student attitudes.  One such study conducted on former students at

Lansing Community College in 1979 revealed the planetarium received the highest

rating of all the support services offered by the college.  It ranked higher than

classroom, laboratory, and library services (Smolen & Bettinson, 1979).  

Former students indicated the planetarium had made a substantial impact on their

educational experience. 

Planetaria Today

Public school planetarium facilities today tend to be more sophisticated than

those 30 years ago.  Today, planetarium facilities are highly technological and often

controlled by computers.  The star field has been supplemented with motion

pictures, video, and computer graphics.  These facilities have been referred to as

“visually sophisticated” (Hunt, 1993, p. 99).  Visual illustrations promote learning

(Hodes, 1992).  Educators must realize the importance of right brain participation in

the learning process (Avgerinou & Ericson, 1997).  Visual mental imagery appears

to be underused in today’s education setting (Avgerinou & Ericson).

In the area of education referred to as visual literacy, the planetarium

environment possibly reaches its maximum impact.  As early as 1967, Soroka,
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studying 8th-grade students, found the planetarium experience provided a learning

experience significantly better than the classroom for low socioeconomic students

(Bishop, 1980).  These students were possibly visual learners lacking in some skills

usually associated with higher socioeconomic students. Planetarium facilities create

visual experiences that enable students to develop an understanding of astronomical

concepts beyond the textbook and classroom. Hunt (1993) suggested that the study

of visual learning may have direct application in today’s planetarium facilities.  

Researchers have criticized some planetarium facilities as being “star shows”

and not educational in nature (Mallon & Bruce, 1982).  However, others have

offered support for the educational benefit of today’s modern planetarium facilities

based on their visual impact (Harp & Mayer, 1997).

Planetarium research continued through the late 1970s and 1980s mainly in

the form of surveys and studies of effectiveness (Borun, 1977).  Ortell (1977)

evaluated the planetarium facility as an instructional device used by college

students. Ortell selected 131 college students taking astronomy in the planetarium

and compared them to 96 college students enrolled in the regular classroom

astronomy course.  Grade point averages were collected for the students. Samples in

each setting were further divided into three groups based on the grade point spread. 

There were no overall statistically significant differences between the mean grade
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point averages of the planetarium students (M = 2.76, SD = 30.48) and the

classroom students (M = 2.63, SD = 29.36), (t = 0.03, p > .05) Student were further

classified by gender and age groups.  Groups were compared both between and

within the planetarium setting and the classroom setting.  All students were taught

by the same instructor to eliminate any variance in the instruction style.  Overall, the

planetarium students received significantly higher means.  Ortell’s research supports

previous studies conducted on the effectiveness of a planetarium facility on student

achievement (Pitluga, 1968; Sunal, 1976) (see Table 4).

To to further investigate what type of planetarium experience is most

effective, Fletcher (1977) studied the effect of traditional planetarium instruction

(i.e., lecture-demonstration) and participatory (i.e., student participation)

planetarium lessons.  Fletcher invited all planetarium directors in the southeastern 

region of the United States to participate. Within the responding group, eight

planetarium facilities were randomly selected to participate in the study.  A total of

32 earth science classes representing 686 students were involved. 
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Table 4

A Comparison of Letter Grades for Planetarium Students and Classroom Students
__________________________________________________________________
Grade                                   Planetarium            Classroom                           Total

n n n
_________________________________________________________________
     A 37 12 49       

     B 55 32 87

     C 20 26 46

     D  0  0  0

     F 21 36 57
         ___                        ___                                    ___

Total          133                        106                                    239
__________________________________________________________________
χ (4, N = 239) = 20.78,  p < .0012

Note.  Adapted from Ortell, E. D. (1977).  The value of the planetarium as an

instructional device.  Doctoral dissertation, Nova University, 1977. Copyright 1977

by E. D. Ortell.
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Each planetarium in the study received a script, related materials, and

instructions for both the traditional and participatory planetarium lessons.  Students

were to be tested immediately after their lesson and again four weeks later.  The

data were subjected to four-way analysis of variance.  The independent variables

used were: methods (i.e., traditional and participatory), instructors, practice, and

time.  The dependent variables were total test scores, application item scores, and

rote memory scores. At the .05 level no significant differences were found between

traditional and participatory planetarium instruction.  Additionally no significant

differences were found in the rote memory items for the two different

methodologies.  Fletcher (1980) concluded:

. . . the results of the analysis seem to indicate that if cognitive knowledge is

to be measured, then the important factor in the planetarium presentation is

not whether the participatory or traditional lecture-demonstration method is 

          used, but rather the instructor that makes the planetarium presentation.        

           (p. 232)

Bishop (1980) attempted to parallel the work of Fletcher.  In Bishop’s study,

98 8th-grade science students were randomly selected into two groups.  As in

Fletcher’s study, one group was presented traditional type planetarium instruction

while the other was presented participatory instruction.  Immediate and delayed
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posttests were given to both groups.  Multiple linear regression was utilized to

analyze the data.  Bishop found significance at the .05 level in favor of the

participatory instruction.   It is interesting to note that even though the participatory

instruction group scored better than the traditional group, Bishop indicated that both

groups were incapable of mastering the astronomy concepts being taught (Bishop,

1980).  The results of Bishop’s 1980 study were linked to her previous study on the

learning theories of Piaget (Bishop, 1976).

Mallon (1980) compared the effectiveness of a traditional “star show”

planetarium program to a “participatory oriented planetarium” program in teaching

selected astronomical concepts.  This study is discussed in detail as another example

of the methodology used in planetaria studies.

Mallon investigated the effect these two types of programs had on student

achievement and student attitude toward astronomy in general.  Mallon believed the

effectiveness of a planetarium was based on how it was used in instruction.  He

suggested the planetarium’s success or failure might be based on technique.  

 To test students’ knowledge of selected astronomical topics, Mallon

constructed a paper-and-pencil evaluation instrument.  The instrument was reviewed

by a panel of planetarium educators to establish content validity.  The evaluation 
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instrument was tested in order to establish reliability.  Student attitude toward

science was measured using a modified existing science opinionnaire. 

A four-group design was used to test the effectiveness of the participatory

planetarium program.  A sample of 8-to-10-year old students was randomly assigned

to one of four groups.  Groups I and II received a traditional “star show”

planetarium lesson, and Groups III and IV received a participatory planetarium

lesson. The study was replicated in five states (Pennsylvania, Texas, California,

Minnesota, and Nevada). Correlated t-tests were used to test for differences

between pre-test and posttest achievement scores for all groups in all states (see

Tables 5 and 6).  Correlated t-tests were used to test for differences between pre-

test and posttest attitude scores for all groups in all states (see Tables 7 and 8). 

A 2 X 2 factorial analysis of variance was used to compare the scores of the

astronomy cognitive test for the four groups and another 2 X 2 factorial analysis of

variance was used to compare the posttest scores obtained on the astronomy attitude

test for the four groups.  Mallon concluded the participatory oriented planetarium

program was significantly superior to the “star show” planetarium program.  He also

concluded the attitude test only showed a significant difference between the

participatory and star show groups in Pennsylvania.  The difference was in favor of

the participatory group.  
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Table 5

Correlated t-test on Gains in Knowledge of Astronomical Topics for a 

Participatory Planetarium Program in Five States
__________________________________________________________________
State              N            Pretest mean     SD       Posttest mean      SD               t
__________________________________________________________________

PA     81             9.88 2.89 16.37 3.47        12.39**

TX 19 12.74 2.35 17.37 2.40           5.39**

CA 13  11.38 3.40 15.54 2.25           4.24**

MN 13 10.77 3.06 17.31 2.29         5.54**

NV 13 10.77 2.38 17.92 1.38        11.38**
__________________________________________________________________
Note.  Adapted from Mallon, G. L. (1980).  Student achievement and attitudes in 

astronomy: Anexperimental study of the effectiveness of a traditional “star show” 

planetarium program and a “participatory oriented planetarium” program.   

Doctoral dissertation, Temple University, 1980. Copyright 1980 by G. L. Mallon.

**p< .01
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Table 6

Correlated t-test on Gains in Knowledge of Astronomical Topics for a Star Show 

Planetarium Program in Five States
__________________________________________________________________
State              N            Pretest mean     SD       Posttest mean      SD               t
__________________________________________________________________

PA 81  9.75 2.61 11.65 3.25        3.84**

TX 19 12.89 2.35 12.31 2.21          .71

CA 13 11.08 2.39 12.46 3.57        1.45

MN 13 10.00 3.89 12.38 3.47        1.25

NV 13 11.62 2.29 14.46 2.93        3.17**
__________________________________________________________________

Note.  Adapted from Mallon, G. L. (1980).  Student achievement and attitudes in 

astronomy: Anexperimental study of the effectiveness of a traditional “star show” 

planetarium program and a “participatory oriented planetarium” program.   

Doctoral dissertation, Temple University, 1980. Copyright 1980 by G. L. Mallon.

**p< .01



School-Owned Planetaria 42

Table 7

Correlated t-test on Pretest and Posttest Attitude Toward Astronomy Scores for a

Participatory Planetarium Program in Five States
__________________________________________________________________
State              N            Pretest mean     SD       Posttest mean      SD               t
__________________________________________________________________

PA 81 3.35  .47 3.80  .46         4.18**

TX 19 3.95  .29 3.92  .35           .19

CA 13 3.11  .66 3.61  .99 .99

MN 13 3.11  .25 3.24  .52 .83

NV 13 3.40  .34 3.60  .66          1.31
__________________________________________________________________

Note.  Adapted from Mallon, G. L. (1980).  Student achievement and attitudes in 

astronomy: Anexperimental study of the effectiveness of a traditional “star show” 

planetarium program and a “participatory oriented planetarium” program.   

Doctoral dissertation, Temple University, 1980. Copyright 1980 by G. L. Mallon.

**p< .01
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Table 8

Correlated t-test on Pretest and Posttest Attitude Toward Astronomy Scores for a 

Star Show Planetarium Program in Five States
__________________________________________________________________
State              N            Pretest mean     SD       Posttest mean      SD               t
__________________________________________________________________

PA 81 3.48  .56 3.61  .49 .11

TX 19 3.37  .28 4.02  .35          2.29**

CA 13 3.45  .61 3.10  .45          1.44

MN 13 3.10  .52 3.24  .52 .81

NV 13 3.48  .39 3.46  .69 .07
__________________________________________________________________
Note.  Adapted from Mallon, G. L. (1980).  Student achievement and attitudes in 

astronomy: Anexperimental study of the effectiveness of a traditional “star show” 

planetarium program and a “participatory oriented planetarium” program.   

Doctoral dissertation, Temple University, 1980. Copyright 1980 by G. L. Mallon.

**p< .01
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Current Research

From 1980, and through the 1990s, only five studies were found involving

planetaria.  Three of these studies compared the planetarium to classroom

instruction (Bishop, 1980; Dobson, 1983; Twiest, 1989).  Two studies involved

college and university planetarium facilities and are therefore only noted for the

purposes of the literature review (Batch, 1991; McBride, 1985).  

In 1983 Dobson studied the effect of a planetarium experience on teaching

selected astronomical concepts with middle school students.  The concepts studied

were the rotation and revolution of the earth and the phases of the moon.  Using 

participatory (student involvement) teaching techniques, Dobson studied 135    5th-

grade students who were randomly assigned to one of three treatment groups each

receiving six instructional sessions.  Similar to a study conducted by Ridky (1974),

Dobson subjected his three groups to classroom instruction, planetarium instruction,

and a combination of planetarium and classroom instruction.  Students were

pretested for their cognitive developmental level and knowledge of astronomy. 

Following treatment all groups were immediately tested on understanding of

the concepts covered.  A science-planetarium attitude test was also administered for

students receiving instruction in the planetarium.  Posttesting was conducted two

weeks after instruction stopped. Data were analyzed at the .05 level, and no
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significant differences were found for learning or retention between the methods;

however, females did better in the treatment that included the planetarium

experience, and males performed better in the classroom experience.  Dobson

(1983) noted that most 5th-grade students seemed incapable of mastering

astronomical concepts that required abstract thinking.  This conclusion would seem

to support the research of Bishop (1980).

Twiest (1989) contrasted the effect of planetarium versus classroom

instruction on student achievement (knowledge and comprehension) and attitude

toward science.  The attitude being investigated was the student’s attitude toward

science in general and astronomy in particular.  Using 423 students in 4th, 5th, and   

 6th-grades, Twiest collected pre and posttest data using researcher-developed

attitude and achievement tests.  Posttest data were analyzed and significant

differences were found at the .05 level for student attitude toward science for the

4th-grade and 5th-grade classroom group.  Significant differences were also found

for gain in comprehension at all grades levels in favor of the classroom group;

however, the 5th-grade planetarium students scored significantly higher on

comprehension.  Twiest’s study supports other studies indicating varying degrees of 

effectiveness for planetaria in education (Hayward, 1976; Mallon & Bruce, 1982;

Ortell, 1977; Ridky, 1974; Smith, 1974b; Sunal, 1976; Wright, 1968).
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A university study conducted by McBride (1985) involved a market analysis

using a university’s planetarium clients (e.g., visitors and citizens in the area). 

Results of a survey given to clients visiting the planetarium were compared to the

results of a random mail survey distributed to non-visitors in the immediate

university area. Data were analyzed using frequencies, means, correlations, and

regression coefficients. The results indicated planetarium visitors placed a higher

value on family activities and the educational value of their leisure time activities

than those that did not visit the planetarium ). 

The last study found involving the use of a planetarium in an educational

setting was a university study.  Batch (1991) investigated university and college

planetaria organizational structures that might be applicable to public school-owned

planetaria.  Batch believed that many university and college planetaria operate as

independent facilities.  Using the term “organizational marginality,”  ten marginality

factors were developed in the areas of administrative structure and goals, personnel

reward systems, and resource-allocation systems.  A questionnaire was used to

collect data from a sample of university and college campuses that owned

planetarium facilities.  Four groups were included in the survey: directors of

university and college planetaria, their immediate supervisors, directors of similar 
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university departments, and the immediate supervisors of these similar university

departments.  

Batch (1991) discovered university/college planetaria operated unattached to

most organizational ties of their parent institutions.  The staff of these planetaria are

not included in the personnel rewards or resource-allocation system of the

institution. A strong relationship did exist between the university/college planetaria

and the local school districts.  Batch noted that most university/college planetaria

operated similar to small businesses.  To reduce this organizational marginality,

Batch recommended improvement in communication, staff involvement in the form

of planetarium research, recruitment of university/college classes to use the

planetarium, and improved public relations. 

The study of science in the elementary grades continues to be of major

importance in education.  In 1989 at the Charlottesville Education Summit,

President George Bush and fifty United States governors declared that it would be a

national goal to be “First in the world in mathematics and science achievement by

the year 2000." According to Pascal D. Forgione, Jr. Commissioner of the National

Center for Educational Statistics (NCES), researchers working on The Third

International Mathematics and Science Study (TIMSS) conducted in the 1994-95

school year reported the national goal is being realized (Peak & Owen, 1997). 
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Elementary students in grade four scored above the international average in science. 

Students were exceeded in science by one country out of the 26 countries that

participated in TIMSS at the elementary school level (Peak, 1996).

Improving ways to teach and to measure science process skills has become a

national priority (Marshall, 1991).  No research on public-school-owned 

planetarium facilities was found in the literature of the 1990s, in spite of the stated

national educational goal of becoming first in the world with respect to science. 

Summary of the Review of Literature

Studies of planetaria in the public school systems of the United States have

been limited and have presented varied results.  While results have been somewhat

muddled, it is clear that planetarium facilities will continue to be built in today’s

public school systems. Researchers have often ignored the differences in planetaria

owned by museums, universities, colleges, and public school systems.  Researchers

have failed to consider the differences between planetarium facilities and their stated

purposes, objectives, equipment inventories, and personnel.  This study was

developed to address the lack of information regarding public-school-owned

planetaria in the United States and will serve as a data base for comparative

purposes.  More specifically, this researcher will examine these facilities using 
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five domains: the job, the curriculum, the facility; the organizational framework, and

the director.


