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psychology of meaningful reception learning which is intimately
related to instruction as it typically occurs in schools. A key
component of this psychology involves the hypothesized effects of
advance organizers has not been adequately evaluated. Previous
investigations, while of theorevical interest, have merely
demonstrated the equivocal nature of a poorly defined pedagogical
tool in a number of situation-specific research settings. The present
study attempted to rectify this state of affairs by: a) develcping an
operationally defined advance organizer, and b) testing the effects
of this treatment relative to a traditional prose organizer in a
cross-sectional research designs. Subjects in grades six through
twelve were randomly assigned to three treatment conditions: graphic
organizer, prose organizer, and control. Materials were aimed at the
ninth grade population and held constant across the seven grade

levels., Analysis of the data revealed no significant
favor of the organizer treatments as any of the sev:n
Apparently, within—-grade subject variability negate

Fferences in
Je levels.
notential

effects, if any, of the advance organizers. {Author/RK)
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Introduction

Ezpblem Statement

This study attempted to determine the effects of jraphic and prose

advance organizers at each of seven grade levels, six through Twelve,

Problem Development

David Ausubel (1963, 1968) has developed an educational psychology
that is intimately related fo learning as it Typically occurs in schocls.
At the core of this psychology is the proposition that a principal vari-
able influencing new learning in a subject matter fieid is one's existing
background of knowledge, or cegnitive structure. Ausubel maintains thav
new meanings in any discipline are acquired only in reiation Yo e previ-
ously learned backgrourd of relevant concepts and principies. Thus, if
existing cognitive siructure is ciear, stable and organized, new iearn.ng
will be enhanced. Conversely, it existing cognitive structure is un-
clear and discrganized, new learning will be impeded. Following this
line of reasoning, Ausubel has argued that new learning and retentinon
can be facilitated by strengthening relevant aspects of a learner's
existirg cognitive structure.

The use of "advance organizers" {(Ausubel!, 1960) has been proposac
as one means of strengthening existing cognitive structure. As devel~
oped by Ausubel, advance organizars are Introductory prose passages
written at a higher leve! of '"generality, abstraction, and inclusive-
ness" (1960, p. 272) than +ths actua! learning material. These devices
purportedly perform several finctions. First, they "provide ideational

scaffolding for the stable incorporation of more differentiated maver-

ial in the learning passac~™ {197 18). Second, "they increace
disart in~' 7' ity between the naw maverial and similar or ostensibly

conflicting ideas in coanitive structure®. (1968, p. 148).
[

Although Ausubel's thinking is logical!® compelling, its imple-
mentation and evaluation have been besel by » number of problems.

First, advance organizers have not been accorded an operational
definition. Clearly, what is sufficientiy “general™, "abstract”,
and "inclusive" varies from one situation to eaothai. Thus, it has ’
been difficu!t for teachers and researchers tc know whether particular
organizers were appropriate for their iniendged audience.

Second, in studying the effects of advance organizers, previous
investigators have tended to concentrate upor basic rather than ap-
nlied research. Although the rasults ot th2se studies are theoreti-
cally interesting, the points at which advaice organizers achieve
oractical utility have not been identified. Rather, previous research
has consistent!y demonstraied the equivocal sffects of a poorly detin~d
treatment in a number of specific situations, (Table 1)



Table |

Previous Investigations of Advance Oroanizers

Results
Supportive Equivocal and/or
Negative
Elementary Carter et al, 1970
Proger et al, 1970
Junior
High School Triezenberg, 1968
High School Fitzgera!d and Ausubel, 1963 Jerrolds, 1967
Estes et al, 1965 Smith and Hess, 1969
Thelen, 1970
Proger et al, 1970
College Ausubel, 1960 sa. wman and Glass, 1969
Ausubel and Fitzgerald, 1961
Murphy, 1962
Ausubel and Fitzgerald, 1962
Ausubel and Youssef, 1963
Scandura and Wells, 1967
Adult Grotelueshen and Sjogren, 1968
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The present investigation attempted to deal with the precedlng
problems by: (a) developing an opera+ionally defined advance organi-
zer designed to meet general conditions specified by Ausubel, ard
(b) testing the effects of this organizer relative to those of a tra-
ditional prose organizer in a "strong inference' (Platt, 1964) research
design. :

Graphic Advance Organizers

Graphic organizers were first suggested under the rubric of "structured
overviews' (Barron, 1969.) They have been defined as "visuai and verbal
presentations of the key vocabulary in @ new learning task in relation
to subsuming and/or parallel terms that presumably have previously been
incorporated into the learner's ~ognitive structure'" (Estes, Mills,
and Barron, 1969, p.41). Graphic organizers have been based upon the
same theoretical rationale as Ausubel's prose c¢rganizers and may be
regarded as a ‘‘special form of advance organizer, the aim of which is
to relate new concepts fto be learned to the relevan+ body of related
concepts already existing in cognitive structure'.

In contrast to prose organizers, graphic organizers appear to hold
a number of advantages. First, unlike prose organizers, graphic organ-
izers have been operationally defined. |t has been ascertained that
they can be constructed and used by combining a minimum of training with
a relatively simple set of directions (Appendix A). Second, whereas
prose organizers are designed to be read by learners, graphic organi-
zers call for an interaction between teacher and students. Thus, when
using the latter device, a teacher is able to evaluate its appropri-
ateness in relation to the learnars' existing background of knowiedge.

Strong inference.

Platt (1964), among others, has called for the application of
research procedures used in '"fast moving fields” to educational studies.
Orne of these techniques has been termed '"strong inference." Rather
than continually measuring, defining, computing, and analyzing the
same theoretical ground, the researcher attempts to refine crucial
experiments aimed at disproving his hypotheses.

While the overall utility of this approach in educational re-
search is open to questlion, it can be valuable within certain limits.
By developing a series of studies in terms of gradually refined popu-
lations and control variables, the educational researcher is able to
indicate the degree to which a particular theoretical orientation
achieves practical utility, o

The present study attempted to initiate the preceding in The
following way. Ausubel (1968) has indicated that there are fwo con-
ditions under which an advance organizer fails to perform its intended
function. The first occurs when the learner is so lacking in background

A David P. Ausubel: Personal correspondence
(September 30, 1969).
-3
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relevant to the tearning task that there is little, or nothing, in
his cognitive structure to be organized. The second situation occurs
when the learner is so wel! grounded in background relevant to the
learning task that provision of the orgenizer becomes superfiuous.

These ideas were tested in the present study by holding both
the learning task and organizer treatments constanft across seven
grade levels and aiming these materials at the middle level. |1 was
anticipated that if Ausubei's thinking was correct an s~shaped learn-
ing curve would appear across the several grade leveis. That is,
the organizers should have initially demonstrated little or no effect
due to the weak and unstable cognitive structures of the younger sub-
jects. This effect should have gradually increased to some maximum
point. Finally, it should have dissipated with oider subjects who
presumably would have well organized cognitive structures in relation
to the learning task.

If, on the other hand, Ausubel's assertions were something less
than generally applicable, it was anticipated that the learning curve
zcross grade lavels would resemble a straight or slightly curved line.
[n other words, subject variability within grades would negate The
patential benenfits of the organizer treatments.

—lfe
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Procedures

Sub jects

The study was conducted with students enrolled in grades six
through twelve In the Tully, New York Central Schools. This system
is located in upper Central New York State and its students are
drawn from rural and suburban environments. Excluded from the study
were pupils classified as emotionally disturbed or mentally retarded,
and those who were not in attendance during treatment implementation.

Design and Statistical Analysis

The basic design for the study was a 'posttest-only control
group design" (Campbell and Stanley, 1963). Although the schematic
representation of this design (Table 2) appears to be factorial, tests
of significance for overall main effects and interactions were not of
direct interest. Rather, the intent of the study was To explore poten-
tial specific interactions (in a non-factorial sense) between methods
of coghritive organization and grade level.

In order to accomplish this purpose, two orthogonal planned

comparisorswsie, posited at each grade level. The first comparison
contirested the average effects of the combined organizer treatments
with those of the control. The second compared the effects of the

two organizer treatments.
Materials

Learning passage. The. learning paésaqez,was selectéd primarily
on the basis of its relevance to the regular eighth grade science curri-
culum at the Tuily Central Schools. |t was approximately 2300 words in
length and it dealt with the characteristics of stars. The readability
level of this passage was placed at approximately aneighth grade level
as determined by the Flesch Formula.

Organizers. The graphic and prose organizers used in the study
are presented in Appendix B. Both types of organizer: (a) reviewed
terminology used in making comparisons, (b) related the process of
comparing people to the process of comparing stars, and (¢) introduced
various characteristics upon which the comparison of stars is based.

Outcome measure. The outcome measure, termed the “astronomy
test,' consisted of twenty-four multiple choice items. This instru-
ment is included in Appendix D. :

2 Adapted from: Deitz, D. Stars.and the Universe, New York: Random
HOuse, 1968. ?3 -
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Schema of Design
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In developing the astronomy test the following procedures were
undertaken. First, a table of specifications was constructed which
took Into account the content of the learnhing passage and used
'knowledge and "'comprehension' as broad objeCtives (Bloom, 1956).
Second, an item poo! consisting of thirty~five items was developed
and submitted fo three judges to determine how we|| the test reflected
its intended objectives. A particular item was dropped if the three
judges were not in unanimous agreement as to its classification in
either the knowledge or comprehension categories. This procedure
resulted in a reduced pool of twenty-niné items. Third, the learning
passage and outcome measure were adminisTered to a sample of ninth
grade students. Following the computation of ifem difficulty Indices,
item discrimination indices, and item correlations with the total
test, five additional items were dropped. Based ypon this tryout the jfest
yielded an internal consistency coefficient of .78,

An additional precaution was taken to guard against the possibi%
lity that information included in the orQanizer treatments would be
directly relevant to the astronomy test. The three experimental
+reatments (i.e. graphic organizer, pros€ ordanizer and control)
were administered to a sample of students without the learning passage.
On the subsequent administration of the astronomy test, the means of
these three groups were nearly identical and hone of the three groups
scored beyond what might have been expected Oh @ chance basis. There-

. -fore, it was assumed that the organizer treatments contained no informa-
tion that would directly assist subjects in responding to the astronomy
test. ‘

Treatment Implementation

Administration of treatments occurred during each subject's
regularly scheduled English class. SubJjects were randomly assigned,
within classes, to the three experimental groups, On the day of
treatment implementation for their class, theé subjects in each group
reported to one of three special rooms. At this t+ime, they received
one of the three treatments and read theé |earning passage.

A maximum time of five minutes was alloted for presentation
of the organizers, and the subjects werée allowed twenty-five minutes
to read and review the learning passage-

On the day following administration of treatments, students
returned to their regularly scheduled English class where they re-
sponded to the astronomy test.




Results

The means and variances for each of the experimental groups are
presented by grade levels in Table 3. For the total group, the scores
ranged from three to twenty-three with a mean of 9.50 and a variance of
14.78

Table 3

Means (and Variances) across Treatments
by Grade Level: Astronomy Examination

: Treatments ;
2 Graphic | Prose ’
Grade Organizer Organizer . Control
I ;
5§ % 7.77 7.36 i 8.60 ;
(7.78) (11.42) {(15.3 g
seven 8.79 8.77 8.53 ;
(15.96) (14.33) | (10.33)
Eight 8.47 8.86 9.56 !
(10.26) (13.36) (14.45)
Nine 8.69 9.57 9.38
(8.03 (15.857 (13.66)
Ten 10.35 9.67 9.92
(16.98) (13.63) (16.58)
E leven 12.14 I1.36 10.55
(14.14) (14.99) (13.09)
Twelve 11,3l 12.80 .21
(13.30) (19.31) (15.52)

Results of significance tests at each grade level are presented in
Tables 4 through 10. At each grade level, two hypotheses were of inter-
est. Stated in nufl form, they were:

Ho | On a twenty-four hour delayed test of learning and reten-
tion, there wlll be no significant difference between students
who receive either a graphic or a prose organizer prior to the
learning task and students who do not receive an advance organizer.

-8~
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HoZ : On a twenty-four hour delayed test of learning and re-
tention, there will be no significant difference between
students who receive a graphic organizer and students who
receive a prose organizer prior to the learning task.

Table 4

Planned Comparison {, Tests: Grade Six

es‘r:&var.
Comparison ) (@) df t
-0 4+ P-0 -1.034 2.568 85 ~0.40
versus Control
G~0 versus P-0 0.419 3.029 56 0.14

Table 5

Planned Comparison t Tests: Grade Seven

est. var
. PN
Comparison ? =?¢ ( )ZV 3 RT: t
G-0 + P-0 0.247 3.025 86 0.08
Versus Control
G-0 versus P-0 0.27 3.51 57 0.0l

13



Table 6

Planned Comparison % Tests: Grade Eiont

est&var.
Comparison 7/ ( ¢ ) df t,
G-0 + P-0
vers:'s Control -0.913 2.73 Q5 ~-0.33
G~0 versus P-0 -0.41 3,18 53 -0.13
Table 7
Planned Comparison t Tests: CGrade Nine
est. var.
o~
Comparison ﬁV ( ﬁ” ) df t
G~-0 + P-0 ~0.248 2.711 al -0.91
versus Control
G-0 versus P-0 -0.879 3.160 60 -0.28

-0

14



Tab;e 8

Planned Comparison t Tests: Grade Ten

est. var.
A~ .
Comparison W (@) df t
G-0 + P-0 0.088 3,93] 67 0.02
versus Control
G-0 versus P-0 0.684 4.746 42 0.14
Table 9
Planned Comparison * Tests: Grade Eleven
est. var.
C i ( » ) df +
omparison /.
2 4
G-0 + PO , 1.196 3.94} 6l 0.30
versus Control
G-0 versus P--0 ¢.782 4.196 44 0.19




Table 10

Pianned Comparison t Tests: Grade Twelve

e st.yar.
Comparisen @ (¢) df t
G-0 + P-0 0.446 4.637 47 2,10
versus Control
G-0 versus P-0 ~0.688 5,721 29 -0.12

As indicated in Tables 4 through 13, no significant differences
occurred atany of the seven grade leveis. Thus, none of the four-
teen null hypothesas were rejected.

A major limitation of the study involved recomputation of test
retiabllity for the total sample. The Kuder Richardson formula 20
yielded an internal consistency coetficient of .69,




Conciusions and Recomr ~datiors

The present investigation addresses *he question: "Are Ausubel's
thecretical assertions r-garding the fac iitative effects of advance
organizers generally applicable?' Insof :r as learning tasks of the

type implemented in thls study are conce.ned, the answer appears 1o be
no, Apparently, within-grade s*:dent variability precludes large scale
usage of advance organizers as instructi.cnal tools.

Subsequent studies, in keeping with the pr-eviousiy described
'strong inference" prccess, should focus upon the question: 'Who,
if anyone are advunce organizers approgriate for?" in the opinion
of the present investigator, such studies should be restricted to
consideration of personological variables which are: (a) readily
identifiabie by classroom ‘teachers and (b) useful as a means of
differentiatirg Instruction.

-l 3w
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APPENDIX A: GRAPHIC CRGAMIZER

OPERAT LONAL DEFINITION
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STEFS 1il CONSTRUCTING AND USING
GRAFPHIC ORGANIZERS

Analyze the vocabulary cf the learning task and list all the
words That you fee!l are important for the students to
understand.

Arrange the list of words until you have a schema which depicts
the interrclatvionships among the concepts particular To the
learning task. '

Add to the scheme vecabutary terms which you beiieve are
understocd by the students in order to depict relationships
between the learning task and The discipline as a wholsg.

Evaiuate the orgarizer. Have you clearly depicted major reia-
tionships? Can the overview be simplified and still effectively
communicate the ideas you consider to be cructal?

Intraduce the students to the learning task by displaying the
schema and informing tham why vou arranged the terms as you
did. Encourage them to contribute as much information as
possibie.

During the course of the learning task, relate new information
to the orgsnizer as It seems appropriate.



APPENDIX B: ORGANIZERS

Y

Q , | '
ERIC | .. R0



SIMILAR - DIFFERENT

GRAPHIC ORGANIZER

\

TN

weight strength
~m \7
. Age ;
Y /
: ~height

Id

“ Body builds (somatotypes)

COMPAR| SONS

—

Stars
e

mass size

/ 4y

w M

v Age surface
color temperature
Yy A

,Uﬂm@:+:mmm

-

d
1]

H~R diagram

-7~




Prose Organizer

Two words which scientists find extremely useful are 'similar’
and "different.” These ferms assist them in making comparisons.

Various characteristics may serve as the basis for a comparison.
For example, you might compare people on the basis of similarities
or differences in their relative height, weight, or strength. You
might also base your comparison on.more than one measure, |f you con-
sidered height and weight together, you could compare people on the
basis of thelir body build.

in like fashion, astronomers use the terms 'simiiar’ and
“different to make comparisons between stars. However, comparisons
between stars and made on the basis of color, brightness, surface
temperature, size and mass, rather than height, weight, or strength.
Astronomers can also base tTheir comparisons on more than one measure.
Stars can be compared on the basis of both color and brightness
through the use of something astronomers call an H-R diagram.

Stars, like people, appear to change as they get older. Suppose
you were interested in finding out how peopleis height changes as
they get older. You could do this in several ways. One way to do
it is tfo take groups of people of various ages, measure their height,
and compare differencas in height between the various age groups.
In tike fashion, astronomers determine how stars change as they get
older. Within certain limits, the astronomers can approximate the
ages of various stars. Then they compare older and younger stars in
terms of characteristics such as size, color, €tc., In this way astron-
mers can hypothesize about how stars change with age.

22"



APPENDIX C: DIRECTIONS FOR
TREATMENT IMPLEMENTAT ION
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Treatment A: Graphic Organizer

A. TAKE ATTENDANCE

B. Introduction: Inform students that
I. They are taking part in a regsearch study .
2. They will read a short passage ftoday and will be tested

on the information tomorrow.

3. We are trying fto find out how different types of inftroduc-
tions to reading material helps people understand and
remember that they read.

4. They should try to keep the introduction you are about
To present in mind as they read the selection.

C. Presentation of Graphic Organizer o

. Display terms "Similar-Different. Ask the students when
or why we use such words (i.e., In making comparisons).

2. Display the term "Comparisons."
Say: "'We can make comparisons between two or more
things so long as they have certain characteristics in
common. For example, what are some of the ways in which
we can compare people?" Allow students to respond.

3. Display portion of organizer relating to comparisons
between peopie.
Say:

a. "You have indicated a number of ways in which
people can be compared. |'ve indicated sever-
al of these in this diagram."

b. '"Please notice two things that |'ve ftried to
show through the diagram. First, the bases
for our comparisons frequentiy vary according
to the age of the individuals being compared.
For example: as people get older, their weight,
height, and strength changes. Second, note
that we can sometimes base our comparisons on
more than one measure. For example: TtTo compare
people on the basis of their body builds we
would consider both height and welghT "

4. Display portion of diagram relaflng to comparisons be-
tween stars.

Say:

a. '"The selection you will read ftoday is from the
field of astronomy and is concerned with the
characteristics of stars."

b. "Astronomers use the terms similar and differ-
ent to make comparisons between stars. However,
comparisons between stars are made on the basis
of their relative: mass, size, surface temper-
ature, brightness and color, rather.. than
height, weight, =stc.

Q -20-
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c. '"Notlce two things about this diagram. First,
as with people, the characteristics of stars
change with age. Second, astronomers can aiso
base their comparisons on combinations of measures
of different characteristics. For exampte: Stars
can be compared on the in terms of both color and
brightness through the use of something called an
H-R diagram.”

D. Reading: 25 minutes (collect materials)

25




Treatment B: Prose Organizer

A. TAKE ATTENDANCE

B. Introduction: Inform students that
I. They are taking partin a research study.
2. They will read @ short passage today and will be fested

on the information tomorrow.

3. We are trying to find out how different types of intro-
ductions to reading material helps people to understand
and remember what they read.

C. Presentation of Prose Organizer

|. Inform students that they will be reading a selection
from astronomy concerned with the characteristics of
stars.

2. Distribute organizer
Say:

a. ‘Here Is the introduction to the reading passage.
7emd it carefully and try fo keep it in mind as
vou read the longer passage.'

b. "When you have finished the introduction, raise
~our hand and | will give you the re=ding selec-
Tien."

D. Reading
I. Collect v.manizer as you distribute passage.
2. Allow 25 minutes and collect passage.




Treatment C: Control
A. TAKE ATTENDANCE

B. Infroduction: Inform students that
|. They are faking part in a research study

2. They will read a ghor+ passage today from the field of
astronomy concerned with the characteristics of stars.
Tomorrow they will be tested on this information.

C. Reading: Allow 25 minutes and coilect materials

23




Test Administraticn

|. Have students assist you in distributing pencils ang
answer sheets
2. Have students indicate:
a. Their name
b. Thelr grade
c. Their teacher's name
d. Their class period
3, Inform students:
a. The t=st consists of muitiple choice items
b. The tsst shouid not tRae the entire period to compleTe
4, Distribute tests: Allow about 25 minutes for completion
5. Check to see that STULans have supp!ied correct infaormation
on answer sheet ( of #2 )
6. Coliect ail materials

-24-
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APPENDIX D: ASTRONOMY TEST
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Directions: Place your name your teacher's name, and your grade in the

appr
mark

opriate space on the answer sheet. For each question place a
in the space provided on the answer sheet which represents The

best answer for that question.

The
a.

b.

o ad
* &

On

an oo

©

Sta

QO TQ

—

he

QOO To

Sta
a.
b.
c.
d.
e.

Wha

D00 T0O

H-R dlagram indicates that

There are stars with all combinations of brightness, surface
temperature, size, and mass.

As one descends the main sequence, the stars become progressively
hotter.

Most stars are in the giant sequence.

The hottest stars are in the dwarf sequence.

None of the above.

the H~R diagram, our sun is placed
in the center of the glant sequence
Among the white dwarfs
At the top of the main sequence
At ‘the bottom of the main sequence
None of the above

rs differ least In
Brightness

Size

Mass

Surface temperature
Life span

color of the hottest stars is
Blue

Red

Orange

Yel iow

White

rs are placed in the H-R diagram according to their
Brightness and luminosity

Luminosity and color

Temperature and size

Colorr and size

None of the above

t causes stars to assume the shape of a sphere?
Heat

Gravity

Atomic ensrgy

Mass

Particle attraction
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7. Which of fthe following occurs in highly luminous stars?
a. Conversion of helium into carbon
b. Conversion of hydrogen into hetium
<. Conversion of carbon into heavier elements
d. All of the above
e. None of the above.

8. A star will remaln stable until
s, 114 becomes a nova
b. It converts all the hydrogen in its central region into

hel ium
c. |ts temperature reaches 100 million degrees
d. It converts ali the helium in its outer region into carbon
@. None of the above
9. If a profo-star is exceedingly large, the star formed will at
first be a

a. 7Yeilow dwarf star
. Blue star

. White star

d. Red dwarf star

e. Elther b or c¢

10. Compression of gas and dust particles in a globule causes a (n)
a. lIncrease in temperature
b. Decrease in mass
c.. Loss of color
d. Increase in area
e. All of the above

I1. Which of the following statements about the age of stars is false
4. Most stars are |0 or 20 million years old
b. Some stars in our galaxy are in the process of being formed
c. Highly luminous stars usualiy have a shorter l|ife span than
less luminous stars
d. Some stars In our galaxy are in the process of dying
e. None of the above (all the statements are true)

12. Which of the following statements about the temperature of stars

is false?

a. Surface temperatures between stars range from 5000 - 100,000
degrees Fahrenheit

b. The temperature at the center of some stars may reach 10
million degrees Fahrenheit

c. The temperature of a star fluctuates during its life span

d. Surface temperature is unrelated to color

e. None of the above (all statements are true)
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13, Which of the following statements about the color of stars Is false?
a. A ster mey have several colors during its life span
D. Surface temperature is unrelated to color
c., The colors of stars are more pronounced when viewed Through
a3 telescope :
d. Blue stars are hotter than vellow stars
e. Mone of the above (&il the statements are truel

14, Which of the following statements about the size of stars Is false?

a. The largest stars have diameters 3,000 times greater than
" the sun

b, The size of a star depends upon the size of the gas and dust
c¢ioud from which it is originally formed

c, Stars differ more in size than they do In mass

d. The smallest stars hava diameters about 400 times fess than the
sun

e. None of the above (all the ststements are tiue)

i5. The brightest stars are
a. First magnitude
b. Second magnitude
c. Third magnitude
d. Fourth magnitude
e. Tenth magnitude

6. Which of the tollowing statements about the brightness of stars
Is false? ,
a. Some stars are | milllon times brighter than the sun
b. Some stars are | milllion times fainter than the sun
c. Stars differ more in brightness than they do in mass
d. Stars differ less in brightness than they do in apparent
magnitude '
e. None of the above (all The statements are true)

7. About how many stars ara‘vis ble +o the naked eye from any cne
point on sarth
a. 2000
b. 6000
c. 100,000 |
d. Half a milifon
e. Many billions

i8. The color of the cooiest stars is

a, Blue
b. Red
c. Orange
d. Yellow
e. White
19. Differences in the colors between stars is directly due to
a. Size -
b. Mass
c. Age
d. Brightness
Q e. None of the above

3
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20. Which of the following stars might not be found in the main
sequence?

a. Blue dwarf star
b. White dwarf star
c. Yellow dwarf star
d. Orange dwarf star
e. Red dwarf star
2l, A nova is a (n)
a. Star that can no longer be placed on the H-R diagram
b. Exploding star
c. Star that is invisible
d. Mature star
®. Newly born star

22. The scale by which stars are ranked according to their brightness
Is arranged so that there Is a difference in brightness of
times between magnitudes.

a. 1/100
b. 2 1/2
c. 6
d. 100
e. None of the above
23, The mass of an object is
a. -It's relative size compared'to the sun
b. [It's weight
¢. The amount of matter it contains
d. Dependent upon gravity
e. None of the above
24. The most luminous stars are t+imes as luminous as the sun.
a. 50 '
b, 3000
c. 5000
d. 100,000
e. One miilion
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APPENDIX E: {TEM ANALYSIS --

ASTRONOMY TEST
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TABLE |1

Item Analysis of Astronmory Test

Item ‘Difficulty Discrimination Point Biserial
( A3 .23 .29 (.01)
2 3l .48 .42 (.01)
3 .31 . .37 .35 (.01
4 .67 .53 .44 (.01)
5 .27 21 .22 (.01)
6 .50 .43 37 (.01)
7 .37 .28 .26 (,01)
8 .29 _ .42 .36 (.01)
9 .50 .30 .22 (.01)
10 .52 .56 42 (.01)
I .19 .22 .23 (.0l)
4 .50 .53 .43 (.01)
13 .54 .57 .46 (.01)
14 31 41 .38 (.01)
15 ; .66 .33 31 (.01)
I16 .3 .33 .28 (.01)
7 .21 10 42 (.01)
i8 .46 .65 .50 (.01)
19 .33 .55 .46 (.01)
20 .27 .28 .25 (.01)
21 .40 .53 .42 (.01)
22 .32 .20 21 (.ol
25 3 ‘ .27 .26 (.01)
24 41 .30 .22 (.01
-3 -
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