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OVERVIEW OF THE NORTH CLACKAMAS SCHOOL DISTRICT

OVERVIEW OF THE NORTH CLACKRAMAS SCHOOL DISTRICT

Ceneral Information

The Nerth Clackamas School District was formed by reorganiziny
four elementaryv school districts and a union high school district
in 1671-72 Geographicallv, the nearly rectangular schoel district
occupies aypproaximately fortv-two square miles to the immediate south
and east of Portland, which is Oregor’s largest crty The district
encompasses rural, urban, residential, manufacturing, forest, and
asricultural land The school district estimates a ;opulation of
100,000 and 33,000 regidences within its boundaries (Browne 19833

Tnere are three incorporated cities within the school district. As

of 1 Julv 1981 the populations of these cities were estimated to be

17,930 for .‘}Alwaukie, 1,480 for Happv Vallev, and 360 for Johnson l\w

(Center for Population Research and Census 1981)

The major emplovers located within the school district, Ticte s
descending order, are the North Clackamas School District, Omark
Industries (saw chain), Precision Castparts (steel castparts), Ford
Industries (automatic telephone answering systems), and the Kaiser

Foundation Hospitals. Each of these empl.oys 500 or more personnel

(Research and Agencv Liason Division 1979-B0 and North Clackamas:Countt

Chamber of Commerce 1980). However, the majoritv of the working adults

who reside within the school district are emploved outside of the
,

district (Browne 1982).
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Educational Facilities

‘
- The educational facilities of_ the school district consist of

nineteen elementary schools, four junior high schools, three high
schools, and an occupational skills center, where students from the
three high schools and a nearbwy private school can elect to spend a

portion of their school day for specialized vocattonal training and

career education éxperlence The junior high schools include Rrades

seven and eight onlv. The high schogql attendance areas are such that

each of the high schools receives entering ninth-grade students fror

s

several of the junior high‘g\ools.
’ -

Student Populatjon .

The 1981 fall enrollment of 12,514 kindergarten through grade
twelve students ranked the North Clackamas School District as the
|
growth 1n the student population over the next decade. It {s antici-
i pated that the tot%k enrollment will increase bv approximatelv fifteen
percent by the 19°0:91 school vear. With this anticipated growth, the

|
|
|
fifrh largest in Oregon. School district projections indicate gradual
total student population will then exceed the previous peak of 14,079, '

’ which was reached during the 1973-74 school vear (Browne 1982).
While the vast majoritv of the students attending schools within
the district reside in a suburban setting, there are approximatelv 125
. high school students from a rural environment. These students, who live
bevond the de;ignnted urban growth boundary, attend Clackamas High School.
The school district has a verv low minority enrollment, with approximate-
_ 1y one percent minority students. The composition of this minority
" #nrollment is approximately sixty-nine percent Asian, twenty-three
| : . '
¢
V4
P -—
O (}’ /' . i
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percent Hispanic, and eight percent black (Browne 1982). Information
gathered bv the three high school Guidance Departments provides some
insight into the postgraduation historv of North Clackamas students
The majoritv of the graduates pursue some further form of continuing
education, with forty-nine percent attending colleges and universitices,
predorinant ]y within the state Another four percent become Invelved
1n technical/vocational training Thirtv-seven percent enter the work

forie Immediatelv following graduation Militarv service, homemaking,

and other categories comprise a total of onlv ten percent ~
P
V4
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. SCIENCE PROGRAM GOAL, MINIMUM GRADUATION COMPETENCIES,
AND SAMPLE PERFORMANCE INDICATORS

SCIENTIFIC/TECHNOLOGICAL PROCESSES

1.7 1 GOAL- The student will utilize acientific processes.

Comgetencieq

1.7.1.1 The atudent is able to fit en
organism, object or substance into s
scisntific clsasification scheme.

1,7.1.2 The atudent is able to make
laboratory observations and make
inferances from these observations.

1.7.1.3 The atudent is able to
communicate acientific concepts
‘and ideas with the teacher and
fellow students.

\

1.7.1.4 The student is sble to inter-
pret dntas and make predictions from
these interpretations.

1.7.1.5 The student is sble to recognize
varisblea end preditt what would happen
when selected varisbles are sltered.

1.7.1.6 The atudent is sble to set
up and complate an experiment.

1.7.1.7 The student is able to

recognize and use acientific
nodels.

1.7.1.8 The atudent is able to
demonatrata & knowledge of the metric
and use common measuring instruménta.

Rev. '75

oo 4

SAMPLF Performance Indicators

1.7.1.1.1
student will deviase a clasaificstion
ayatem that effectively distinguishes
the objects. ) .

1.7.1.2.1
to s written psragraph, the student
will determine which are infarences
and wvhich are obaervations.

1.7.1.3.

1

Civen common objecta, the

Given statements relsting

Civen s set of dats, the

student will conatruct s aimple graph
to summarize that data.

1.7.1.3.

2

Given s list of vocabulary

words, the student will correctly
define 807,

N

5G:ven experimental dats,

19.1.4.
t)t c-L'c 1t chall be sble to inter-

1.7.1 ° .2
atulert +ill iist the variables.

1,7.1 ¢,

<
1

polate and ertrapo&ntc.

G:ven an experiment, the

el

Given s laboratory aituation,

the stident will set up an eggperiment.

1.7.1.7

1

Given s seriea cf events,

the s:u'en® will dévise or recognize
a d= . cr structure thay will enable

the €ev¢t

1,7.1.¢

the stuu. 1.

meas Tt
aysten,

1

ic-
¥

t~ be teated oy explained.

(iven an object in the lab,
- 111 appropristely
size and mass in the metric

.
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FIRST-LEVEL HIGH SCHOOL SCIENCE COURSES IN THE
NORTH CLACKAMAS SCHOOL DISTRICT

FIRST-LEVEL HICGH SCHOOL SCIENCE CO!FSES 1IN THE
NORTH CLACKRAMAS SCHOOL DISTRILT
Overview

In the North Clackamas School District, the individual hagh
schools are granted fundamental autonomy relative to the specifics
of the science curriculum  Course offerxnés. course titles, cOurse
goals, basal textbooks, course content, instructional strategy, and
evaluative techniques are the result of decisions made within the
high school building There is no district level science supervisor
or coordinator

The district's framework for high school science is its one
science program goal and eight corresponding minimum graduation
competencies in science. The science program goal for i1nstruction 1n
grades nine through twelve is ''The student will utilize sciertific
processes'” (North Cl;ckamas School Distrietr 1975). The onlyv other
guaranteed common characteristic is that all students are requlred to
earn one unit of laboratory science credit in order to fulfill

.

graduat {on requirements. The North Clackamas School District does not

allow credit by examination.

Each of the high schools operates with a seven period school dav
and fifty minute class Periods. While the buildings vary considerably
in age, quality, and level of care, the overall sclence teaching

facilities have been judged.as adequate for the courses being taught,
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/
n;d the disdrict is considered to be providing the essential teaching
and learning ma{erxals for science (School Standardization Section 19738)
Science tourse credit in each high school is granted and recorded
on a semester basis. Mumerical designations following descriptive
course titles indicate the semesters available and are sequential
(omrses not carrving a numerical designation are non-sequential
-

Students at Clackamas and Milwaukie High Schools are scheduled for
sclence classes on,a full-vear basis At Rex Putnar High School, a
complete new scheduling process is undertaken prior to each semester.
”“\h//ﬂ The most significant impact of this scheduling difference is that man®

Rex bu:nam sta;ents will not have the same science instructor for the

second semester of their first-level science course.

( ’

Clackamas High Schocl

The first requirement fulfilling science courses available at
Clackamas High School are Biglogy 1-2 and Phvsical Science 1-2. These
.

two courses aré well establisﬁed at the school and taught b\ experienced

teachers. The courses would probablyv be described by most observers as

f

rather tvpical of their tvpe . >

* Grade nine students who express an interest in electing SC}enEe
during thgir first vear of high school are asked to make a‘i?mmitment
to complete at least one additional vear of science prior tc being
allowed to enroll. The only sciencg Ctourse that can be completed 1n
grade nine is Physical Science 1-2. The majoritv of the students who
are enrolled in Physical Science 1-2 and Biologv 1-2 are tenth-grade
students who are completing their first year of high school science.

There is no lbilivifrouping in either of these courses at Clackamas

High School.

O
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Milwaukie High School ’
At Milwaukie High School, all regular grade nine students are ~
enrclled 1n science The options available to them are Biology 1-2, . \

\ N »

Earth'and Space Science 1-2, and Integrated Science 1-2 The Biclog
1-2 and Earth and Space Science 1-2 are ell established éourses tdupht
L -
by experienced teachers They would probaeblsy be considered similar t.
most high school level courses 1n those subject-matter areas. One
section of each of these classes has been identified as "AA' and
reserved for highly motivated students with a particular aptitude for
science In addition, these students must have completed first-vear E
alxebra~in grade eight or be enrolled in it during grade nine. Ther
must also have a recommendation from [h;lr junior high school science
teacher in order to enroll. The "AA" sections operate under the sare
planned course statement and use the same basal texts as other sections .
Integrated Science 1-2 was {nitiated during the 1980-81 school vear
b a Milwaukie High School sciénce teacher who had completed his student
teaching experlence at Rex Putnam High School. It is basically a
unified science course relving heavily on the student Instructional
materials developed by the science staff at Rex Putnam High School.
Additional information regarding these materials will be found 1n the
discussion of the first-level scierie courses at Rex Putnam High School. ~
Integrated Science 1 vas taught for the first three weeks of the 1981-82
school Year by a substitute teacher. During the remainder of that school

year it was taught by s beginning science teacher who had completed her

atudent teaching experience at Rex Putnam High School. Prior to the
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Integraked Science 1\+2 course being initiated at Milwaukie High School,

a phvsical science couhge had been the third science option for grade

nine students.

L 3 Rex Putnam High School .

The only first-level science course that will fulfill the gradu-
. .

¥

ation requirement at Rex Putnam High School is Science 1-2 It is a
competencv-~based unified science course developed by the Rex Putnarm

High School science staff over a four year period. The unified science

approach consists of #ssembling instryctional units around organizing
themes that are appropriate for viewing the scientific enterprise
holistically (e.g., major science concepts, science process skills,

na[u:!h phenomena, science/society tvpe problems), and then incorpor-

» - *

*ating learning actavities that are drawn from a number of different

science disciplines. Work was initiated on Science 1-2 in 1976. Feor

the prior six years, the first vear of the Portland Project Integprated
Science Sequence had been the required science course. This course
integrated content and’learning activities from biologv, chemistrv,

phvsics, environmental science, and the behavioral sciences.

The Science 1-2 student instructional materials are reproduced b\

the school district and made available to students in a three-ring

binder. The course is now well established and three of the four staff

teaching it have had multiple years' experience with the materials. The

majority of the stuffents enrdlled 1n Science 1-2 are 1n grade ten.
StLdents in grade nine wishing to enroll must support their request with
There

a positive recommendation from their grade eight science tepcher.

is no ability grouping in Science 1-2.
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Owen Sabin Occupational Skills Center

While the Occupational Skills Center does not have a Science
Department or of fer what tvpicallv would be considered high school
s.lenct (lasses, several of their vocational clusters offer courses
that have sore compenents that are closels related to those in hig!
Sotael o sclenie (lasses Among these classes are Forest Products l-.,
A, r1.ultural O.cupations, Nursery and Landscaping, Electricity,
Electronios 1-«, and Healtl Occuwpations 1-0 While students completim
these courses mav well have developed increased knowledge and competence
10 50me aspects of science, none of the courses fulfill the high scheol

grad.atior requirement in science Q

-

4
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\

PLANNED COURSE STATEMENTS

Clackamas High School Biology

Clackamas High School Physical Science

Milwaukie High School Biologv

Milwaukie High Sch;ol Ea£th and Space Science 1
Milwaukie High School Earth and Space Science 2
Rex Putnam High School Science 1 (Unified Science)

L}
Rex Putnam High School Science 2 (Unified Science)

\ ?
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CLACKAMAS HIGH SCHOOL BIDLDGY

PLANNED COURSE STATEMENT

-

Blology AREA:  scientific/Technological Process
SCUOOL: CUS

~

PURPOSE.

To provide the student with a blliqvundcrltlnding of the processes of
science, their history, and the uses of scientific methods with emphasis
on the vsriety and relationships in the plsnt snd animal world and the
effects of these relstionships on man, his society, and his enviromment.

' A

COURSE CONTENT:

1. Maetric system 7. Development and systems
2. Basic chemistry 8. Anima] behavior

3. Energy 9. Microbiology

4. Cells 10. Plant taxonomy

5. Genetics and evolution 11. Gsrdening

6. Animal taxonomy 12, Ecology

LEARNING ACTIVITICS®

A. Laboratory investigations (qualitstive snd qusntitstive observsgions).

B. Demonstrstions of laboratory procedures, techniques, and scientific
phenomena.

C. Visusl spd auditory aids (overhesd projections, films snd filmstrips,
chalkbosrd, models, charts, records, tspes, opsque projections).

D. Came:s and simulistions.

E. Reading, discussion, and lecture.

F. Laborstory write-ups, quizzes, tests.

ANTICIPATED LEARNER OUTCOMES: )

Refer to the listed course goals and performance indicstors on the following
pages.

PROCEDURES FOR EVALUATION:

In order to receive a paesing grade the etudent must sccurstely complete
552 of the performance indicators representing each Basic Course Goal

(Pistrict minimum competencies). ,The D student will only be required to
meet this requirement. In order ‘o receive an uppct;lcv.l grsde, a student

must meet this requirement and sleo coaplate Satisfactorily a higher percentsge

of the performance indicators representing the basic process goals ae well

A S

\Jz v !
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ss performance indicstors rapresent ing gosls othar then tha district
minioums. The following is s breskdown of the percentage requirements
for upper-level grsdes: 100 - 90X = A, 39 - 80 =B, 79 - 702 = C.
Activities by which the student vill be ssscssed for completion of a
performance/indicetor will include observation of clsssroom performance,
test questions (multiple choice, matching, fill-in, esssy), work sheets
and lsborstory vwrite-ups, and project and librery resesrch write-ups.
The student wvill be required to sttend clsss regulsrly in order to ful- . |
Al £111 the sbove requirements,

BASIC COURSL GOALS*

The Basic Course Gosls listed below sre involved with the processes of science
which students sre requirad to use during this course. These procassas spply
in verying degrees to some or all Subject Areas (course content). v

1. The student will be able to iit sn organism, object or substance
into a scientific clsssification schenme. g

2. The studegt will be sble to make oblerv-t101: snd inferences
from these observations.

3. The student will be sble to interpret dsts and make predictions
from those interpretstions.

4. The student will be sble to communicste scientific concepts and
idess vith the teacher and fellow students.

5. The student will be sble to recognize s vsrisble and predict what
would heppen when selected verisbles sre sltered. \

6. The student will be sble to set up sn experiment and draw logicsl
conclusions from the dsts.

7. The student will be sble to recognize snd use a scientific model.

8. The student will be sble to use the metric system and common
messuring instruments.

.

* District mininun competencies
7
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Subjsct Arsa Goal - Cealls

Compstsnciss

Ths student will know the basic
structurs and function of various
typss of cells.

293

SAMPLE Performancs Indicators B.C.G. No.

Givan a list of organsllss of e

a csll, ths student matchss
each with a dsscription of its
function. -

Givsn s demonstrstion of osmosis

in & csll modsl, ths studsnt

Jddentifies movemsnt of materials

and infsrs rslationships of con-
centrations of matsrials to thsir
movemsnt. 2,7

Subisct Area Gosl - Censtics and evolution

Compstencies

The student kpows common human
charscterisitcs that ars
geneticslly controlled.

The student knows how ths
structure of ths DNA molsculs
deteraines the structurs of
an organism.

The student knows advantagss
snd dissdvantagss of sexual
and asexual rsproduction.

The student will apply Mendel's
laws of hersdity to solve
problems involving genetic
crossss.

SAMPLE Parformancs Indicstors 3.C.G. No.

Given a list of human

chsractsristics, ths student

identifies those that srs

gsnetically controllsd. -

Civen a group of individuals,

the student detarminss observsble
diffsrsnces among them snd infsrs
genstic control of those
chsracteristics. 2

Ths student writes s short

sssay explsining ths gensral

method by which DNA and RNA

vork together to rsplicsts

protsins. 4,7

Given life historiss of

rspresentativs organisms

showing sexual and asexusl

rsproduction, the student will

distinguish and explain portions

of aach type of life cycle which

would-bs of advantags or disad-

vsntage to the organisa. 2,3,4

The student predicts the possible
percentages of genotypes and
phenotypes in a monohybrid cross. 3

The student uses a Punnett square
tg%flluntratn genetic crossss. 7

N
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The student will seperete
snvirosmentel and genetic
fectors that influence
development.

The gtudent knows morel,
ethicel, and legel issues
involved in the possible
uses of genetic engineering.

The student knows fsctors
of the evolutionary
prccess which produce
changes within e speciss.

The student knows evidence,
of events in psst which
contribute to the theory

of evolution.

Subject Aree Gosl - Animal Taxonomy

Competencies

The student knows Character-
istics end groupings used to
organize members of the animal
kingdom.

The student designs experiments
involving test crosses which will

reveal genotypes of parental
’?rgcnilna. 6

Given tobecco seeds which should

produce e retio of 3 grean to 1

albino, the student will deter-

mine experimentelly the reletive

roles of genetics end enviromment

in controlling seedling color. 2,3,5,6

The student writes e short essey
explaining advanteges and dis-
adventages of genetic enginsering

and giving his opinion of the
desirebllity of its use. 4

Given descriptions of specific

populetions and environmental

fectors affecting them, the student
deternines survivsl ebilities and
selective pressures, end predicts

which populetions will become

dominant in en ereas. 2,3

Given sets of green and white

peper discs thrown randomly on

e green beckground, the student

e;plcinl how this can be used

to represent natursl selection. 7

Given the fossil evidence of the
orgenisms of e perticuler geologic

time period, the student recon-

structs the ecosystem which then

existed. 2,7

-——,

SAMPLE Performance Indicetors

B.C.G. No.

Given & vsriety of animals, the

student observes their cherecter-

isties end uses a dichotomous

key to clessify them into their

proper taxonomic group(s). 1,2
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Subject Ares Gosl - Development and systems

Competencies

The student knows structural

and functionsl charscteristice
of major life process mechanisas
and systems from the simplest
organisms to the most complex.

The student knows from an
evolutionary standpoint
the relstionship between
function snd form for the
ms jor organs snd organelles
in organisms of vsrying
complexity.

The studcnt knows how
organisms sre sdspted
to the environment
in which they live.

Subject Ares Gosls - Animal Behavior

Competencies

The student knows the types
of behsvior shown by snimals
snd how these behavior
pstterns sre scquired.’

SAMPLE Performance Indicstors 3.C.G. No.

Given a microscope and three
different one-celled orgsnisms,
the student observes and describes
obvious life process mechanisms,
and makes inferences concerning
operstion of less obvious
mechanisms. \

The student will dissect specimens

of s squid and a frog snd compsre

the structursl differences betwsen

them, while hypothesizing possible
functional diffexences of organs. 2
The student will trace the °

development of the circulstory

systen through the various phyla

of snimals. -\

The student writes 8 short esssy

giving his opinion on tje vslue

to man of an enlsrged cerebrum

in the bresin ss conpsred to the

lack of s nervous system in s

one-celled orgsnism. 4

Observing an orgsnism in its

natursl hsbitst, the student

will describe how the organism

sppesrs to be sdspted for life in

its environment. 2

SAMPLE Performance-lodicstors 3.C.G. No.

The student describes hov he might

test the hypotheais that unhatched
chicks detect and remember sounds,

using the following equipment:

some fertilized chicken eggs, oOne

or two incubstors, and 8 metronome. 6

The student writes 8 short esssy
describing socisl behavior in bees. 4

o~
N

» oot
L

v
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Subject Arss Goals - Microbiology

Competanciss

Tha studsnt knows the
structurs and function of
gensral groups of micro-
organisms.

The atudent knows snd tssts
factors which affect microbisl
populstion growth.

Tha student is sbls to classify
microorganisms from obssrvad,
{llustrated, or dsscribad
characteriatics or lifs
procssaes.

Subject Arss Goal - Plant Taxonomy

Lompetencies

Ths student knows charactar-
istice and groupings usad to
organize menbara of ths plant
kingdom.

SAMPLE Performancs Indicatoras

296

B.C.C. No.

Ths studant usss a draving as
a modal to show tha basic
structurs of a virus.

The student will set up an’
expariment to show farmsnts-
tion rates in diffarent organ-
ism.

Ths student looks at a ring of
inhibition around a bacterisl
colony and explains 1its
existancs.

Civen an inotulatad pstris dish,
ths student usss antibiotic
discs to tast for the most
sffsctive antibiotic against the
inocusltad bactaria. N

The student writss a short
ssssy desscribing how fractional
aterilization works.

The etudent will list the
variables in an experiment
tasting the sffects of chemicals
on bacteris.

Given a description of a microbs,
the atudent classifiea it as a
virus, fungus, becteris, or
ricksttaiase.

SAMPLE Performance Indicators

Obssrving ths chsractsristics
of s varfety of plants, ths
student usss a dichotomous
key to classify esch into its
proper taxonomic group(s).

2,6

3.C.G. No.

1.2




Subject Area Goal - Cardening
>

Competencies

The student knows basic
gardening techniques, garden
plants, and methods of

satisfying plant requirements.

- Subiect Area Goal - Ecology

Competencies

The student knows character-
istics of populations and
factors af{fecting popula-
tion changes.

The student knovs how
energy is transferred
through food webs or
chains.

The student knows the
various physical and bio-
logical interactions in
an ecosystem.

The student recognizes
various forms of pollution
and understands their
effect on the environ-
ment,

The student knows environ-
-entﬁ% trade-offs that
must Be made in solving

land use problems.

' ERIC
|
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SAMPLE Performance Indicators 3.C.G. No.

The student will give an oral
report on preparation of soil
for vegetable cultivation. &

Civen an imaginary garden plot
the student devises a plan for
preparing and planting the area. -

SAMPLE Performwance Indicators B.C.G. No.

The student performs a study

of a yeast population and )
determines hov this applies

to the characteristics of

all population. 6,7

GCiven a description of a

food pyramid the student will

evaluate and justify the diminish-

ing numbers of organisms at each

level of the pyramid. 2

Civen descriptions of relation-
ships betwveen organisms in a
community, the student will
identify them as predation,
parasitism, commensalism, mutualism,
or competition. 1,2

Obsegving tvo different community

types, the student describes

abiotic factors which affect the

type of life which can survive in

sach community. 2

The student points out four
exanples of pollution in Clackamas
County and explains how each affects

his own life. 2,4
3%
The student plays land use
sinulation games. 3,7
1
[4 ) R
[ /
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The student knows the possible Civen aveilable dets, the
effects of overuse of paturel etudent predicts vhen various *
resources on the envirooment % resources will bacome exhausted. # 3

and society.
Assuning the exhauetion of e
resourcs, the student predicte
y substitutione and sdjustmants
which vill have to be sade on
snvironmental snd societsl levels. k)

/
Source of rafersncs:  Tri-County Courss Gosls (K - 12)

L KO
Q ’ .
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CLACKAMAS HIGH SCHOOL PHYSICAL SCIENCE

PLANNED COURSE STATMENTS

TITLE Physical Science Survey AREA- Scilence
CRIDIT. 10 SCHOOL. CHS |
PREREQUISITES  none ‘
|
|

I. PURPOSE

a. to teach a scientific approach to problem solving

b. to effectively use the metric system in measuring matter
to Separate and identify various types of matter by using
characteristic properties

d. to gain insight into the atomic model of matter by use of
r adioactivity, decomposition, and synthesis of Substances and
molecular motion e

e. to become aware of the role of mathematics in qualitarive and .
quantitative analysis

11. COURSE CONTNET:

The course will introduce the student to the meassurement, :dentification,
svnthesis, and decomposition of matter by experiments, den>nstrations,
and discussions of matter,

111. LEARLING ACTIVITIES:

student experimentation

teacher demonstration

class discussion

film, photographs, and the overhead projector will be used
to aid in understanding

an oe

I\, ANTICIPATED LEARNER OQUTCOMES:

Minimal competency in an outcome will be noted as a "D". As
competency improves, the level will be noted as & "C', "B", or
"A" with the highest level being an "A".

- S';EE!!!TIC}CS s

1. To use the metric system to determine the quantity of matter by both
direct and indirect measurement. h

1. D, Given a rectsngualr solid, the student will find its mass, length,
V! and width to the nearest .] unit of measurement.

- - |
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J. D, Given a liquid, the student will determine its mass &nd: volume to
- the nearest .] measurement unit.

1. C. The student will measure the volurme of an irregulerly shaped solid
such as ssnd. -

1. C  The student will calculate the voline of a rectangular solid by
v multiplication of length, width, and height.

1. B Given the density of a liquid, a atudent will determine the volume -
by finding the mass and calculating the volume.

1. A Given an alkaseltzer tablet, the student will diesolve it anc
determine the mass and volume of gas procuced

2. To write an analysis of an experiment or demonstict.cn

o
[w)

The student will do an experiment that gives data for fsrmulation
of a conclusion by using the data found.

2. C The student will determine the objective, Cu.iecl the (.1o and
formulate a conclusion based upon his dat  &.¢ L. resp. ¢ t¢ tis
objective.

3. To be able to separate mattel

3. D Given 8 mixture of solids, the - .dert wili separste ttem ty filtration.

3 D Given a mixture of liquids, the stule-t '*.1l sepa-ate tiem by fractional
-~ distillation.

3. C Given a mixture of soluble aclids, the student will separate
them by fractional crystallization.

E ]
3. B Given a miXxture %f liquids and solids in solution, the studert
will separate each from the mixture.

3. B Given black ink, the student will separate it by disti_lat:on and
chrometography.

4. To be able to identify matter by using characterisitc properties

4. D Given two similar appearing solids, the student w.ll du.stinguish
between them by density.

5. Be alle to produce compounds ard elements and be able to distinguish
between them

5. D Given a quantity of sodiun chlorate, the student will decompose
and preduce oxygen and identify it through testing.

'
~ Y09
\)A«\}\
O
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5. C VUsing electrolyais equipment, the atudent will froduce kydrogen and
oxygen and identify them.

5. 3 Using data from previously done experiments, the student will
explain the aynthesis of water.

5. A Given zinc and chlorine, the student will produce zinc chloride
and identify it as a subatance different than the origianal

6. To be able to ahow aome effecta of radioactivity

6. D From a demonstration using & counter Source and timer, the
student will explain the difference between actual count and
background count.

6. C From data collected in demcnstration in class, tac Btucurt will plve
a simple explanation of the effect of time, distaace, .rd thickness
of material on radiation count.

6. B From the data in the above, the student w_11 show the ¢i1c.t mathematic-
ally of distance, time, and thickness of s supstance o Taliation count.

6. A From the above, the atudent will expleil the €l.e.l .1 J1.idde
on count by use of the Inveise Square Lax

7. To be.,able to illustrate the lav of constant Propertiors 1n COorpouncs

* 7. C Shown data from an experiment cn the synthesis of water, tne student
wili explain the concept that wectel is tw: parts bydio,en to cne
part oxygen by volume.

7. B The student will synthesize zinc chloride and determine the ration of
zinc to chlorine and a possible formula.

8. To deterzine the approximate size of an atom or molecule

8. D Given a known volume of oleic acid, the student will cemrpute the
approximate thickness it has when spread on water and relate this
to the possible thickness of an atom or molecule. -»

8. C Using the principle of the above competency, the student will J
calculate the approximate volume and mass of a oleic acid molecule.

8. 3 VUaing data from competencies above, the student will. caiculate
the approximate number of molecules or atoms in a CM~ of oleic acid. ,

8. A Using the principles from the above and textbook, the atudent will
explain the process used by scientists to determine the .aize of
polonium and hydrogen ators.

ERIC |
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explain the effect of molecular motic on matter

Given a tube of frozen bromine and air, the student will explain
molecular diffuaion of the bromine through the air.

Using copper aulfate in & layered soluticn, the student will
explain the upward diffuaion of the copper suliate through the layer

of water.

Using a gas model machine, the atudent will show relationship of
density, pressure and volume to molecular motion ir a gas.

The student will explain by construction of a grap', B.yle's Law.
explain some properties of matter and heat

The student will determine the calories absor.e. in heciinp tuo ‘o
beakers of water, one of 100 ml and the otter cf 200 rl, 20 .

The student will determine the specific hwat of cockine ™1 b
experimentation.

The student will determine the spec.fic h _t of =tzz. wis @ls Ly
experimentarion.

The student will deterrine the heat of fusion and veporization by
experimentation.
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PLATIED CoVILE STATR LT

TITLE Ciclng 1-2 ARLA. Sclentific/Tecunological
CREDII .50 - .50 Prnccsses

PRAREQUISITES. .ion2 SCIooL ALC

) AN

The stucent $9all acquire ar awaTtcuness and at acpleciatior for t oo
envirounent.

I1. COURSE COTTLX

Attitudes and values
Use and care of lauoratory equipnent
‘letric syste-
Mature of life
Jagy.s - cueracal and grructural
The cell - nutrition, Letavo.is , ROt
Tie eontiauity of 117
Hereditary Hruici-les
Pzpulaticn ~2netic.
tppliec penetics
Cvolictin,
The diversity of life
daciobiosonny.  viitses-ricketzsise-bacter.a-infectious
diceases-rrut. zoa furgi-algae .
Multicecl.nlar plant.: moss. € terns-seed ~lants
Tiverte :rate:: eprhges-Cuzlontlcoates rorms=-nrarzs.tic werrs-mollus: s,
eciiincdern -urthronods
Vertebiutes* primitive chordn:qp-filhes-amph1b1.nn-r.pt}1es—b1rds—naz:als
Classlfication
luman irfluencc on ndtural s): tenc
Careers in the bilological 3ciences

and repro.uction

111. LEARII.G ACTIVITIES:

Lsboratory experimcnts and exercises
Study guides
Oral discuscion
Lecture
Student prasentation of materiel
Bringing in relsted specimens
Bringing in related news articles

4
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symmarizing TV progrunse

Summarizing Science world articles

tdaptiar gara shovs, e.8. “bio-parbit’, “Linpo” (FOR REILFORCEMENT OF
LEANMING OMLY)

Crossword puzzles end word scranbles

Quizzes (orel a d written)

Answering qucstions on the bonus point board

ANTICIPATED LWAR LR OL CYES.
District comnctencies are indicated by an astaerisk (*).

GOAL 1.0 Tne student will d:velo~ sn evareness of the attitudes of science
and assces personal values.

Competencies SA'PLF Performuance Indicatores

v
1.1 The student values the ebility to
vake rational and :uformed judgments,
choices, and decisions.

1.2 The stuueat values Lcientific
knowvledpe _nd r.oces @5 w.'ch are reeded
to validate informat.on ab ut situations.

1.3 1The studo..t kno - t' 8. diffcrent
individuals vzlue diffcrem thin-s 1i’eas,
and behevier. to satisfv gssentielly
einiler besic needs.

1.4 The stucent is able to modi.v or
restructure v.luas .~ be.d..: T in re_ onse
to inc-easing knowledge of situations and self.

1.5 The student velues scientific knowledge
an. processes wiich eid in 4den:ifying besic
nesds of our society.

1.6 The student valucs a -ociet™ which provides
freedon to eaxpress an. communicete fects, 1ideas,
and opinions.

1.7 The student valuse curizsity: about self,
reality, the future, causes and effects,
alternatives, etc.

1.8 The student valucs problem solving.

1.9 The student velues l.ves of living organisms.
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1.10 1he studen’ values tha uniquen.ss or
vorth of {adividual lives.

*1.11 The student walucs ope-, and accurate .
comrmunications.

1.12 The etudent vilues the sccepting .
responsitility ffor the conscquences of
his/her decisiors and sctions.

1.13 The stucdent value: cieativity ard
imngination thoe pleacure of manipulating
and extcndinp idcas.

1.1%+ Tae student values a philosophical,
unhostile sense of humor.

1.15 The studcnt valuss informetion

which presents chullenge: tn aisumption,
rrirziples, or val. e ciirently considered
valid (information vhi-h frrces us to
expand 21d clt-r current knosled « towa-d
~ore accurste aud ad-nuste renresentations
of realiry).

1.16 The student value; the role of
science in neeting society's needs.

1.17 The student values self.

#],18 The strdent is able td Yist and 1.18.1 Civen a series of specific,
discuss the atritudes *ich u~d:rli- " structured observations the student
scientific Jdisc~v-r- gnd ap' 'y t.ese will apply those attitudes which re-
attitudes to laboratory and studv lste to each observation, e.g. open
situations. mind, curiosity, serendipity,

i’ intellectual honesty, respecting the
opinions of others, making observations
for oneself, imaginstion, etc.

1.18.2 Given lab exercises and study

" sheets, the student will indicate
- T those attitudes appropriate to the
. tosi,

GO/l 2.0: The student is ablc to use laboratory equipment effectively and safely.
3

Compctencies SA'PLE Performance Indicators
2.1 The studcnt aows the :erms and 2.1.1 Given the task, the student wi]ll
use\pf labor~tory equipent. identify lab equipment and state its use.
-
l‘.'v'
r3l
Q e
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Tae stulent i: all
extending equipaent sffectively &.d
safely (uicrosc.pe, ste.ecscope, etc.).

to use sense

GOAL 1.0.

Co -petencics

#3.1 The stud-nt kniws the meanin's

of the turu "cstimate  (..e. te _e-

tive judgoent; appro: imat¥ Uwrerminetion
prior to ectual meajurement).

*3.2 The s:udent is sble to
deronstrate ¢ knovledze of the
motric systew.

%3.3 The studeat is shle to
epplv metric measurement to the
picroscope.

GUAL &.0.

the na.ur. of 1lif-.

Comretencies

4.1 The stude:t is tble to denonstrete
e krowledge of the che-ic.l besis of
11fe.

4.2 The student ic aLble to demonstrate
the knosledge of the reletion ¢f the
elements to the energy of living things.

4.3 The student knows thet cells
are conposed of elements (stons) from
the earth's stmosphere and crust.

4.4 The student krn>us thet cells
sare by definition tae be ic units
of livinp structures.

2.2.1 Given the tas!, the student
will prepere e slide end focu, it
under the microscope.

The student will effectivcly use the system internetional (metric).

SA'TLE Performaice Indicetors

3.1.1 Civen specific tesks, the €
student will {irst estirate tie
length, mass or volute, thien use
metric tools to verify the cstimnt}ons

3.2.1 Civen & list of metric terms,
the student will stete the English
squivalent.

3.3.1 Given the tesks, the student
w.ll est.mate focused epecicens in
mnicrons.

#3.3.2 Given the pooled dete froc

s messured epecicen, the student
will greph the dete, list the
varisblcs, elininate veriables, and
state the controls used.

The student will dcvelop an underctanding end epprecistion for

SAMPLE Performance Indicetors

4.1.1 Civen the tesk, the student
will identify elements, compourds,
nixtures besic to life.

4.2.1 Given the task, the student
vill trece the sun's suargy and stste
the energy conversions thet maintsin
life systems. TN

#,.3,1 - 4.10.1 Civen lab situations,
the student will set up the lebs,
follow directions, anc stete the
conclusions necessery to eccomplishing
the competency.

306
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4.5 Tae student lnows that in some
rulticellular orgsaisme, cells ere
nut orfanized int: tissues snd orgsns
(e.g. oryanisms of the protists).

#,.6 T-e student knows the psrts of
s gencralized cell, plant, or animal.

*,.7 The student i{s able to prepsre
naterials so t Zt-t ev msv be seen
through 8 microscope.

4.8 The student 1is alle to discririnste
between ohjezts of tiological origin anc
artifsct of slide prepar-tion while
looking through a microscope.

4.9 The studont knows thst some cells
hsve no nucleus (e.p. viruses).

4.10 T-c student kncss modern instru-
nents ucce to study molczulsr struct.re
of cells (e g. elictron microscope).

4.11 } The student 1 able to denmonctrate
s knowlecdpe of cell func.ions.

307

4.11.1 Giver the tssk, the student
will stste the meaninre of terms uscd
in biclosv to identify general ccll
functions (e.;. metsbolism, repro-
ductinn, rcsponse). 3

4.11.2 Given s serics of lsbs, tac
student vill describe the *ravs in

which substances jsove thrnuzh the

cell nambrares (c.r. ciffu-iem,

active transncrt, inzestion, excretion).

4.11.3 Given thc lsb, the student will
stste thst the rate of osmosis is
affected by chsnge of ranv factors,
(e.r. tenperature, concentrsticn of
solution, membrane perwesbility,

enerry expended by the cell, size of
the molecule in the solute). «

4.11.4 Civen the tasl, thc stideni
will stste t\e interdecerdencc of’
liviap things and their environmient
1. related to the transfor: .zion of
tatter cheaicslly fron one forr to
anolLier.
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GOAL 5.0:

Corpetencies

308

4.11.5 GCiver the task, thc _tucent
will describe the sequence of c.ezical
reactions involved in photocvnthesis.

The student will develop an understandine of the continuity of life.

SAMPLE Performance Indicators

—

5.1 7ie student is able to drmonstrate
3 kno.ledsze of the basic process of
in'ieritance aad evolution.

#*5.2 The student kncws reascts for
the irportance of the cvolution wmodel
to biological eciences.

#5.3 The student knows the main
contributors to our present evolution
sodel.

$.4 The student knows that Darwin's
Theory of natural selection involves

such concepts of overpopulstion, varia-
tion, fitness to meet environmental stress,
inheritance of trait, and genetic

mutation.

$.1.1 Cive-. a list of persoaal traits,
the studernt will distinguish betice..
those vhich are inhcerited and those
which are acquired.

$.1.2 Given the laws of heredity,

the student ‘7111 spply them to genetic
problems (Punnett square) of flant
ard animal inheritance.

$.1.3 Given a series of lab exercises,
the student will apply the laws of
herelity to lLunan population studies.

$.1.4 Civen the task, the student
will {dentify the environnental
factors that produce mutations, anc
explzin their importance to the sur-
vival of the nutant.

$.1.5 Given the task, the student will
explain the adventages of sexual
reproduction and the recombination of
genes which favors biological success.

-\
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GOAL 6.0:
ths divarsity of life.

Cerpatanciss

*6.1 The atudent is abla to identify
charactaristics ussd to group plants
snd animals.

6.2 The student is ablas to demonstrate
s knovledpe of individusl organisos on
tha singls cell laval.

6.3 Ths studsnt is abls to demonstrate
s knowladgs of how microorganisms affact
our livas, with spscial enphssis on
infactious dissasas.

6.4 Tre ctudsnt is sbls to damonatrats
s knowladgs of mosses, ferns, and sead
plants.

6.5 The student is sb'as to demonatrate
s knowledge of invertebratss viih
special ecphasis on thsir value or
harm to man.

6.6 The student is sble to demonstrats
s knovledie of the ve-tsbrste world,
vith apecial eopussis on their value

or harm to man.

6.7 The student {is stle to undar-
stand tha rols of biotic cocmunities
in rclotion to man's respons:bility
to his environment.

6.8 The student knows wavs in which
huaan activities can modify both the
quant{tvy and quslity of environmental
Z1cro1s nesded for humin life (r.2.
vsirz up resources; disposing of
w-3:.es; storiny and tcating chericsl,
liolorical, and nuclasr wissons,.

3o
L
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Ths student will devalop sn undsrstanding and spprascistion of

SAIPLE Performance Indicstors

%6.1.1 Given a liat of living thi-gs,
ths studsnt will identify then
according to ths system of classification.

6.2.1 Civen & set of lah exercises,
the atudent will exnlore viruses,
bactsris, protoroa, fungi slgss.

6.3.1 Civen a tssk, ths student will
rslate thas economic importsnce of
microorganisms.

6.4.1 Given ths saries of labs, the
student will underctand the role of

mosses, ferns and sced rMlants in our
environment. '

6.4.2 Given the task of collecting
wildflowsrs, the student will make
a definitive collaction.

6.5.1 GCiven a series of lsts, the
student will explore the invertebrate
world relating thair importance to mar.

6.6.1 Givan labs and tasks, the
student will explors the world of

rtebrates rslating thair Zm,ortance
O man.

6.7.1 GCiven examplss, the student
will idsntify the role of each
organism in 8 biotic community.

6.7.2 Given a task, t-e stucdent till
identify man's responsibility to his
environzent.

—\\
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6.9 The student i« able to evaluatc
his or her own behavior in terms of
its (effects on preaent nd future
ernvironment.

COAL 7.0: The studeat is eble to discover and learn tho lnowledge, skllls
attitudes, and values necessery to Carry out career decisicns
in the biological sciences. .

V. PRICLDURES FOR LVALLATION:

Teacher oLservation of lab/class perfor.iace

Farticipating onc handing in all lab wor.

Pacticipating in oral discussions/tean picsentations
Earning the minitur. of points in quizzes anc teiis

Brinzing in rcluced itons or specimene

Sucamarizing 1V progrens

Tartic.pating in adaptcd games

landin3 in all atudy sheets

Ans soring the questions on the bonus point hoard

Larning 60Y of tha total points pos.ible per quarter to pass

Attendance:
Sciencc rcoulies performancze. The ztudcnt may not be aule o accorplisn
the abovc listed coapetencies unless he/she attencs class recularly.
Any student who nisses 20 or nore clusses per aemester is in jeopardy
of receiving no credit for bioclogy.

Responsitility:
7te ctucent it responsitle for all ariisraents and activities in
biology. lie/sie way make up woTh n.esed when possil-le within &
specificc tice period ac Jesignated by t'.e tesclcr. lake ur vorl
and late vworh wiil peierally receive a lo er gR.ace as it soue.:incs )
proves that tiic student hos already falled niz/her responsibiliit;
to the class.

Reference: Coursc Coals in Bioloplcal and Phvsical Science

Tri County Course (0oals

O
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MILWAUKIE HIGH SCHOOL EARTH AND SPACE SCIENCE 1
PLANNED COURSE STATEMENT
~ 4
Id
TITLE: Earth & Space Science (lst Semester) AREA:
CREDIT. .05 SCHCOL: M.H.S.
PREREQUISFTES: None
I. PURPOSE:
The Earth and Space Science student will scquire a basic knowledge of the
Earth Sciences, that will give him a basis for understanding and intefpre-
ting his enviromment.
I1. COURSE CONTENT:
A. Observing the envircnment.
. B. Earti, and moon materials.
C. Chanre and Earti forces.
) D. Measuring the earth.
. E. Earth and Moon system.
F. The Sclar Systenm.
. G. Stars and other suns.
H. Galaxies and the Universe.
I. Oceans
J. Weather
III. LEARNING ACTIVITIES:
/ .
A. Laboratory Inveatigations
B. Demonstrations
C. Audio-visual aided presentstions: (overhead, films, filmstrips
and slides, chalkboard, models, charts, opague projector, records
snd tapes.)
D. Lectura and discussion
E. Quizzes and tests
F. Science notebook
G. Resesarch peper
IV. ANTICIPATED LEARNER OUTCOMES:
PROGRAM GOAL: 1. The student will utiliza scientific processes.
2. The student will scquira s basic knowledge of
Physical Science.
Orig.76
3 LI |
. /s 4
O
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OBSERVING TME EMVIROMMENT:

Competencies

A.]l The student is eble to make lab-
eratory obeervations and inferences
from these observations.

A.2 The student is able to interpret
data and make predictions from these
interpretations.

A.3 The student is able to communi-

cate the scientific concepts and ideas

taught in this class with the teacher
and other etudents.

A.4 The student is able to demonst-

rate 8 knovledge of the metric system

and use common measuring instruments.

A.5 The student knows the mganings of

the term “estimate” (i.e. tentative
judgment; epproximate dstermination
prior to ectusl messurement).

A.6 The student is eble to demon-
atrate 8 knowledge of the metric
eystem.

EARTH & MOON MATERIALS:

Compatencies

3.1 The etudent will Vespme avare of
the various materials of which the
earth if made, the etates of matter

they sssume and their atomic etructurs.

3.2 At the end ef this etudy the
etudent will be able to:

1. Describe the eignificant
einilarities and differemnces
betveen the lithoephare,

o 300
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SAMPLE Performance Imdicetors

A.1.1 Given all the sssigagd Jabora-
tory experimente {a physical science,™-
the etudent will cemplete them s}l and

turn them in at the assigned t >

A.2.1 Civen all the Earth & Space
assigments and experiments, the
atudent will complete and turn them in
et the designated time.

A.2.2 GCiven experimental data, the
etudent shall be eble to iaterpolate
and extrepolate.

A.3.1 Given e eat of data, the student
will construct a simple graph to
sumarize that data.

A.4.1 Given an object in the lab, the
etudent vill eppropriately massure its
size and mass using the metric units.

A.5.1 Civen specific tasks, the student
will firet estimate the length, mass or
volume, then use metric tools to verify
the estimations.

A.6.1 Civen a list of metric terms,

the etudent will state the English
equivalent.

SAMPLE Performance Indicators

B.1.1 GCiven a question on the propert-
ies of earth materials the student vill
snsver them 60X cerrect, asd band in
all labs and assigmments at the sppcint-
od time.

“
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hydrospherc, arnd
atmospherec.

2. Classify various carth
materiala according to
their origin.

3. Calculate denaities,
uaing accurate measurements
of volume and mass.

4. Differentiate among atoms,
elements, molecules, com-
pounds, minerals, and rocka.

S. Explain hou the characteris-
tics of minerals give clues
to their atomic atructure.

6. Discuss the chanpes in
minerals caused by their
environneats.

7. Cpapare tue importence of
arious elements, such as
xygen, on the earth and
he moon.

CHANGE AND EARTH FORCES:

Competencies

C. 1 The students will be able to
recognize basic concepts concernirg
energy; how it is generated, traus-
ferred and absorbed and basic con-
cept concerning gravity and
magnetign.

C.2 After completing thia atudy
the atudent will be able to:

1. Deacribe how heat is gen-
erated in the aun sad
transferred to the earth.

2. Account for the principal
sources of earth's heat
energy.

3. Give examples of the three
waya heat can be transferred
from one place to another.

—

farn

s
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SAMPLE Perforwance Indicators

C.1.1 Given questions on the concepts
of energy the student will ansuer
correctly 602 of the time, and hand in
all laba and assigmments in the appoint-
ed tine.
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4. Use Newton's law of
' motion to sccount for
common periences in-
volving “inertis, momentunm,
vel@pity, speed, and
sdfeleration.

escribe the force of
gravity.

6. Describe the earth's
megnetic field.

- MEASURING THE EARTH:

Competencies SAMPLE Performance Indicatoras
D.1 The student will gain & per- D.1.1 Given question on earth
spective sbout the size snd nhage messurenents the student will snswer
of the esrth. 602 correct and hand in all labs and
¥ ) sssigmments st the sppointed time.
1

D.2 At the end of this study the
student will:

1. Use linear snd sngulsr
messurexments in estsblish-
ing locetion. [}

2. Deponstrate none‘co-prehes-
ion of acale snd of relation-
ships between s model such as
s globs and the earth.

3. Construct s topographic map
from s three-dimensional model

4. Use 8 topographic map to

identify veristions in land-
scapes. !

GOAL: The student vill gsin perspectives of the motion of the earth-moon system
snd hov these motions sffect his life.

4

Competencies . SAMPLE Performance Indicatoras

| Z.1 The student is sble to describe E.1.1 Given questions on the motions

| the basic motions of the earth moon of the earth snd moon, the students will
system. snsver thes correctly 60X of the time.

O
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E.2 At the.end of this study the
students will be able to:

1.

Cite procfs that the earth
and mcon €aci. rotate on an
axis and revolve around the
sun.

Explain the causes of the
seasons.

Explain what causes the tides.

Demonstrate how phases and
eclipscs cf the moon occur.

List similarities and
differences between the moon
and the earth.

Analyze the topography of the
moon’'s surface.

GCive examples ¢f how study of
the moon will provide greater
understanding of the develop-
ment of the earth and the solar
system.

THE SOLAR SYSTEM:

F.1 The student will gain perspectives
about the solar system; its size, origin,
planetary groupings and the laws that
govern {t.

F.2 After this study, the student should
be sble to: .

1.

Denonstrate the relstive smount of
smpty space in the solar system
compared to the space occupied by
the plsnets.

’ 315

E.1.2 Given labs arl agsirnmernts re-
lating to the motions of the exilu cr.
moon, the students will complete tion
and hand them all in at the assigreu
time.

F.l.1 Given questicns about the €¢°. T
systen the students will be able tc
answer 60% correctly and hand ir al.
labs and assignments.
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2. Contrast the characteristics
of the twvo main planet groups.

3. List some physical character-
istics of each of the nine
planets. .

4. Describe how the law of
gravitation affects planet~
ary motion.

S. Descridbe the pﬂkstﬁgl charact-
eristics and mot of asteroids [
and comets.

6. Contrast the theories of the

origin of the solar system.

STARS AS OTHER SUNS:

G.1 Thé students will gain an overall G.1.1 Given Questions about stars, the

view of stellar evolution, and a students will ansver 602 of thex correct
general knowledge of how scientists and complete all labs and assigoments

study stars. in the appointed time. \
G. 2 At the end of this study the LV

students will be able to:

1. Describe how scientists deter-
mine a star's tenperature,
chemical composition, luminos-~
ity, motion, and distance from
the earth. ,

2. Demonstrate parallax and ex-
plain how it can be used to
measure distance.

3. Compare the sun to other stars.

{
4. Describe the life d{clc of a

star.

S. Explain how the masp of a star
determines how long) it will
1livs.

6. Ixplain how H-R diagrams support
| the theory of stellar evolution.

T O N 3:/’\}'
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GALAXTES AND THE UNIVERSE:

H.l Studenta will gain a per- B.1.1 Given Questione about galaxies
epective on the univereses, ite and the univeres, etudente will ansuer
eize, origin and man'ei{plan in 602 correct and complet all labs and
it. ’P aseigmmenta in the appointed time.

N.2 At the end of thie etudy the
atudent will:

1. Describe the Milky Way galaxy
--ite eize, eshape, rotation, and the
sun'e location in it--and indicate how
ecientiete obtained thie information.

2. Compare our Milky Way galaxy
to other galaxiee in terme of eize and
shaps.

3. Explain why looking at etarlight
ie like looking into the paet. .

4. Name the two moet common chemicale
in the univeres.

S. Diecues the esignificance of the
Doppler effect as evidence for an expand- s
ing univeres. ’

6. Discuse common exsmples of relativity.

WATER IN THE SEA: : "
. »

1.1 The etudente will learn about eea 1.1.1 Given qQuestione apout the ocears,
wvater, currente, wvavee and circulation studente will anewer 6CI conrect, and
in the eea. . they will aleo complete all labe and

" . assignmente in the appointed time.
1.2 After thie .tu&y the etydents will ' . -
be able to:

1. Compare the phyeical and chllicgf
propertises of fresh vater and Sesvataer.

2. Describa the procesaes that
changa the salinity, temperature and .
density of seswater. ° .

3.Explain the caueess of surface and
deep ocean circulatidh.

. .
4. Use a model to demonstrate the
sovamest of water partitlea im aurvace waves.

\‘1
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S. Trace the path of energy from
the sun to ocesn wavas and
currents.

Explain how atmospheric
circulation and varying
densities of seawater cause
ocesn circulation.

-
WATER CYCLE:

J.1 The student will learn how the water
cycle functions and how it affects our
lives.

J.2 At the end of this study the
student will be able to:

1. Demonstrate how the sarth's
shape and orientation in
space determine the distribu-
ti‘n of incoming radiation.

. Damonstrate how land and water
absorb energy-at different rates.

. Explain hov unequal heating of
land and wvater, aided by gravity,
produce convective circulation.

. Make a model that demonstrates

how the earth's rotation modifies

basic convective circulation to
produce mt‘rly and wvesterly
winds.

. Show hov the processes of evapo-
ration, condensation, and pre-
cipitation are iovolved in the
weter cycle.

¢y

evaporation and condensation.

Explain wvhy both energy and air
motions era necessary for
evsporation to occur.

. Describe the energy changes during

318

J.1.1 Given a test about the wster
cycle the student will score at least
60 and will also hand in all labs and
assigmments in the appointed time.
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8. Describs the lafs cyclc of » frontal
cyclone and thLe typical veather it
producsa.

9. Describe bow vater i{nfiltrates the
ground and bscoxss capillary and
‘, grevity wvater.

10. Dsscribs in general terms hov flood
- forscasts ars mads.

V. THE STUDENT SHOULD DEVILOP APPROPRIATE VALUES:

1.

10.

11.

12.

ERIC ,

Aruitoxt provided by Eic:

. The studsnt valucs @ socisty in which individuals participats in

The student values behavicr based on rational end inforwed judgements,
choices, and decisions.

. The student knows vhat things, ideas, and bshiviors he or ahe values.

. The student knows that different individuals value differsrt things,

idsas, and behaviors to satisfy esseatislly sic.lar basic nseds.

. Ths student is abls to usc scientific knovledge and procssass to rs-

solve cénflicts in parsonal values.

. The studen: is able to distinguish betveen valus stetements end dsscrip-

tivs or definitional statexents.

. The student is able to ilentify the differsnt value positions repre-

ssnted in s social issue.

. The studsnt is able to wsigh ths merits of information supporting value

positions in tsrus of rslevant critsria.

. The studsnt values scientific knovledge snd procssess vhich aid in

identifying basic nesds of socistiss.

making dscisions wvhich wvill affsct them.

The student valuss problem solving.

The studsnt values intellectusl £Jexibility in dealing with complexity
(1.s. the ability to changs, expeid, or construct nev framss of rsfsr-
ence to match situations).

The student values the uniqueness or worth of individual livsa.

t

¥
: 1

—



ERIC

Aruitoxt provided by Eic:

oa
®

13.
14.

135.

16.

17.

18.
19.
20.

21.

22.

23.

24.

25.

26.

27.

28.

29.
30.

320

“

The student vslues bumen feelings.
The student velues the needs of otbers.

The student velues sccepting responsibility for the consequences of
his/her decisions and ections.

The student values aelf.

The student velues creativity end imsgination: the pleasure of man-
ipuleting end extending ideas.

The student velues the pleasure of learning.
The student veluss aesthetic experienced.
The student velues novelty: unev perceptions, experiences, idess.

The student velues the continuel expension of human knovledge ebout
reality.

The student velues full use of all channele of human perception.
The studént velues full snd eppropriste use of sense extenders.

The student velues freedom froo bies: Juccpuon of reality vhich
is not limited or distorted by premeture judgments or assumptions.

The student velues symbolic upruenuuon‘ (a.g. words snd msthe-
msticsl symbols).

The student velues the ebility to dhunguflh betveen relevsnt end
irrelevsnt dste when vslideting e xepresentetion of fact, opinion,
or conclusion.

The student vslues orgsnizetion of representetions (conceptual
schemes, models, clessificetion systems, etc.) which permit recsll

snd retrievel of information.
L 3

The student vslues the restructuring of behavior in response to more
edequete snd eccyrste information ebout situationms.

The student vslues sccuracy and opennese of communicstion.

The student values the full and appropriete use of scientific inform-
ation retrievsl systems.
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VI. PROCEDURES FOR EVALUATION:

A. Tests: vritten, oral, laboratory

B. Observation of classroom performance
C. Laboratory writeups

D. Worksheets

E. Resesrch papers

F. Notebook

G. Attendance

In order to pass the course at & minimum level, the student must pass the
tests which apply to a particular competency at a (D) level, turnm in all
the assigned work, and perform adequstely in class. Class performance
jocludes a student’s actions in class and attendance and tardies. Over
ten absences in s semester will cause a student tq receive a permanent
incomplete in competency (I).

To receive grades ' of A, B, or C, the student must complete the minimums
and also receive the following percentages of the total points possible
for all of the assigments.

4 90 - 1002 = A p
80 - 89.9%1 =B
‘70 -79.97 =C
60 - 69.92 =D

Source of reference: Tri-County Course Goals
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MILWAUKIE HIGH SCHOOL EARTH AND SPACE&SCIENCE 2

PLANNED COURSE STATEMENT

TITLE: Earth & Space Science
Semester 2
CREDIT: .50
PREREQUISITE: First Semester-Earth
and Space Science

!
I. PURPOSE

The Earth and Space Science student will
and Space Science. This will give him a
preting his environment.

I1. COURSE CONTINT

Weathering and Erosion

Sedimentation

Building Mountains

Earthquakes and the Larth's Interior
Rocks and Minerals

Time and Earth's Biography

Ecology and the Environment

OMMIO OwW>

III. LEARNING ACTIVITIES

ARTCA: Scientific & Technological
Processes

SCHOOL: MHS

acquire a basic knowledge in Eartn
basis for understanding and inter-

Laboratory investigations: qualitative and quantitative observations.
Demonstrations: laboratory procedures, concepts and scientific phenomena.
Audio-visual aided presentations: overhead, films, filmstrip, and slides;
chalkboard, models, charts, opaqueAprojector, records, and tapes

Lecture and discussion
Quizzes, tests

Science notebook
Research papers

WEATHIRING & EROSIOY

A.1l The student will become aware of
the constant changing of the earth
crust by the process of weathering &
erosion.

A.2 At the end of this study the
student will be able to:

1. Explain what happens to rocks
and minerals as they weather.

Revised - 76

[
» -

A.l1.1 Given a test aboyt weathering and
erosion, the student will score at least
602 and will also hand in all labs and
assignments at the appointed time.



2. Recognize veathering producta
and diacusa how they differ from
the parent rock.

3. Deacribe how resistznt minerals
are aeparated froo less resiatant
minerala, and conditiona under which
they are formed.

4. Compare the erosive effects of
water, ice, and vind on the earth's
aurface.

5. Deacribe the role of gravity in eros
SCDIMENTATION R

B.1 The atudent will learn the processes
and energy exchanges in sedirentation and
develop a model of the ocezn Lasin and the
sedimenta that form in different parts of
the ocean floor.

[

B.2 At the end of thia atudy the atudent
will be able to:

1. Construct or describe a model of
an ocean basin.

2. Contrast the depositional processes
that take place near ahore, on the
continental ahelf, and on the
continental alope.

3. Construct a model of turbidiry
currents.

4. Contraat aediments deposited on
the continental margins and thoae
in deep ocean baains.

S. Cive examplea of eventa that could
change aea level.

MOUNTAIN BUILDIXNG:

C.1 The etudent will become aware of the
different typea of mountain building forcea
and will be able to place the furcea in the
greater pattern of general crustal move-
ment .

A.2 After completing this etudy, the
student will be able to:

1. Deecridbe bov mountaina develop from
geceynclines through the etages of
depoeition, deformation, and uplift.

O
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ion.

B.1.1 Given a test about sedimentation,
the student will acore at least 607
correct and will also hand in all labs
and asaignmenta at the appointed time.

C.1.1 Given a teat about mountain
building and crustal movement, the
etudent will ecore at leaat 60% correct
and will also turn in all laba and
aeaignmenta at the appointed time.




O
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. Explsin now mid=ocean ridges,

deep~sss trenches, earthquake
activity, ard geosynclinal
mountains mifht be caused by
movements of the earth's crust.

. Compare modsrn aress of shallow-

vater deposition with sncient
geosynclinal bssins.

. Locste belts of crustsl mobility

on s globe snd explsin why they
are seldom in the middle of
continents.

. Describs some Lcosic csuses of

crustal unrest within continents
and ocean bssins.

. Discuss the importsnce of msgnetic

stripes in rocks to the theory of
plste tactonics.

EARTHQUAKES AND THE EARTH'S INTERICR

D. 1 Students will investigste various
wsys that scientists study the earths in-
terior, and will develop s general know-
ledge of what has been learned sbout ths
earth's interfor.

D.2 After completing this study, the
student will be able to:

1.

Give seversl reasons why
scientists study the interior
of the earth.

. Explain hov seisaic data is

used to determine the earth's
internal structure.

. Determine esarthquake epicenter

locations from the differences
betwean P and S weve.

. Construct or describe a general

model of the ea-th's interior.

37
A

324
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D.1.1 Given s test about earthquakes
and the earth's interior, the student
will score at least 60X correct and
will also hand 4n 8!l labs snd
assigoed work at the appropriate time.

oy
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ROCKS AND MINERALS
» 2.1 The atudents will learn the E.1.1 Given a teat about rocks snd
) basic igneous rock building pro- minerals, the atudent will scorc at
cesses, volcsno types snd pro- least 602 correct and will hand in
cedures for identifing common all labs and #vajgned work st the
‘{é minerals. appointed time. .
E. 2 At the end of this atudy the
student will be sble to:
1.‘Dncr1be the vsrious types
of volcsnoes found in
Oregon.
2. Distinguish between the '
different types of lavs. \l
3. Distinguish between plutonic
and volcsnic rocks in terms
of occurrence, mineral and
chamicsl composition, and
texture.
4. Discuss how tempersture,
pressure, and mineral solu-
tions affect rocks at the
aurfsce and below.
5. 1dentify aome of the most
common rock forming minersls.
MEASURING TIME
F.1 The atudent will gain perspective F.1.1 Given a test on .time snd its
on the sge of the esrth, on msn's plsce measurment the student will get 602
in time and techniques established for correct snd will also hand 1u sl) lsbs
messuring time. and assigned work at the appointed
time.

F.2 At the end of this atudy the
student will be able to:

1. Propose methods to mesaure the
duration of events and the in-
tearvals between them.

2. Explain vhy time muat be divid-
ed into unita.

3. Uae radioactive decay data to
deternine the age of rocks.

L}

L
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and exact age of events.

S. Use the Gsologic Time Scale
to compare the ages and dura-
tion of various segments of
geologic time.

6. Determine the origin of rocks
from observing actual rocks or
1llustrations of outcrops.

-~
326
2
4, Construct a time scale
that tells both the relative
7. Distinguisli the top of 8 rock \
layer froc the bottom. |
|
8. Correlate rock layers using
fossils, rock types, position - |
in s sequence, Oor other means. )

9. Reconstruct the sequence of &
series of geologic events from
cross sectiona of an area.

C.1 The student will understand the G.1.1 Given basic questions on genetic
basic concepts of, and relationships change, srtifgcisl and natural selec-
betwveen genetic change, artificisl tion, the student will snswer thexm
selection, and natural selection. correctly 60X of the time.

G.2 At the end of this study the
student will be able to:

1. Know historic contributions
of sciences snd scientists to
the development of theories
sbout the origins of life.

2. Analyze or clarify issues re-

lated to validation or commun-

) dcation of scientific informa-
tion about origans of life.

3. Knov reasons for the importance
of the evolution model to the
biological aciences.

4. Knov factors of the evolutionary
process vhich produce changes with-
in a species.

Aruitoxt provided by Eic:
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existing procsssss, acting
in ths ssms sanner snd in-
tensity ss at presant have
been constant throughout

time snd sre sufficient to
sccount for sll geological
snd biolo;ic.l_chan;u.

6. Know that over s period of
ting, stable populstions
sdspt geneticslly to their
enviromments.

7. Know that Derwin's thsory
of natural selection in-
volves such concepts 88
overpopulstion, variation,
fitness to meet eaviron-
mentsl stress, inheritsnce
of traits, and genetic
mutstion.

G.3.1 The student will understand G.3.1.1 Given questions on populstton
the basic concepts of pop- ecology, the student will respond
ulstion ecology. correctly 602 of the time.

"G.3.2 At the end of this study the
student will bs sbls to:

1. Knov factors which in-
flusnce populstion growth.

2. Knov ths effects of un-
controlled population
grovth on ths individuals
in the populstion snd on
other populstions.

3. Analyze prolleams of human
population grovth.

4. Xnov that mortality ratss
influencs population growth

|
|
|
S. Knov that Dsrwin's theory
1s based on ths principle
of uniformitsrianism: that
|
|
|
rates.

S. Knov factors vhich affect
ths mortality rastes of
populations.

ERIC
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C.4 The etudent will understand L G.4.1 Given gquestious on the concepts
basic ecological concepts and and processes of ecology, the student
processes. vill ansver cerrectly 60X of the time.

C.4.2 At the end of this study the
etudent will be able to:

1. Kpow that orgsnisms in a -
community may be categorized
as producers, consumers, snd
decomposers.

2. Know the relstionship between
producers and consumers in a
community.

3, Interpret dats collected from
naturs] enviromments regsrding
producer-consumer and biotic- N
abiotic relstionships.

4. Know orgsnisms and intersctions
charscteristic of communities
in various msjor biocwes or
habitsts.

5. Know mesnings of terms con-
ventionally used in descrip-
tions or snalyses of ecosystems.

a5
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REX PUTNAM HIGH SCHOOL SCIENCE 1 (UNiFIED SCIENCE)

PLANNED COURSE STATEMENT

TITLE: Science 1 AREA Science

CREDIT- .50 SCHOOL: RPHS

PREREQUISITES None

11

PURPOSE

The Science 1 student will increase his/her understanding of the
scient1fic approach to developing and using knowledge This will

be achieved b a variety of activities and experiences that will
enable the learner to acquire some of the basic knowledge and skills
associated with the.

1 Biological sciences
2. Phvsical sciences
3 Scientific/Technological processes

COURSE CONTENT

The course is comprised of six instructional units organized around
the themes of :

Observation
Perception
Measuremert
Model
Radioactivits
Cell

[ NV P SRV S

LEARNING ACTIVITIES.

1. Laboratory investigations

2. Demonstrations (Teacher and Student)

3. Audio-visual aids (Including films, posters, charts, graphs, audic
tapes, filmstrips, overhead projector, laboratorv models, and
chalkboard)

4. Discussions

5. Lectures

6. Reading

7. Computer (Experiments, simulated experiments, computation, data

display, data storage, graphing, etc.)
8. Games
9. Laboratory writeups
10. Exams/Quizzes
11. Reports/Projects
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ANTICIPATED LEARNER OUTCOMES: (Those competencies designated with an
asterisk are certified as fulfilled when a student has earned a passing
grade for Science 1.)
Competencies SAMPLE Performance Indicators
*1 OBSERVING AND INFERING 1.1 Given a list of observations
and inferences, the student
The student is able to make will be able to correctlv
laboratory observations and identify the inferences
make inferences fromr these
observations. (District 1.2 Given an appropriate laboratory
competency 1.7.1.2) situation or demonstration, the

student will make several obser-
vations and at least one reason-
able Inference from those
observations.

2 COMMUNICATING 2.1 The student can write legible,
understandable laboratory reports

The student is able to com-

following the given report

municate scientific concepts guidelines.

and ideas with the teacher

and fellow students. (Dis- 2.2 The student will sasisfactoril:

trict competency 1.7.1.3)

define at least 80. of the items

in the following list

1. Inference
2 Qualitative observation
3. Quantitative observation
4. Mean
5  Vvalidity
6. Reliability
7. (ldentify) Standard S 1 units
for length, mass, weight, time,
. and temperature
8. Model
- 9., Radioactivitvy
\&—’\\\ 10. Atom
"~ 11 Mitosis
12. Cell
13. Living
14. Measurement
15. Microscope
3. INTERPRETING AND PREDICTING 3.1 Given appropriate experimental

data, the student will"

The student is able to inter-

1.

pret data and make predictions 2
from these interpretations. ’

(District competency 1.7.1.4)

3.

Calculate the mean
Report the range
Construct a properly
labeled g8raph

3.2 Given a line graph, the student
will successfully extrapolate to a
designated value for one of the
variables,



)
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*7.

RECOGNIZING VARIABLES

The student is able to recog-~
nize variables and predict what
would happen when selected
variables are altered (Dis-
trict competency 1 7 1.5)

FNPERIMENT IN

The student 15 able to set up
and corplete an experiment
(District competency 1 7 1 61

RECO. NTZINC AND USING MODELS

The student is able to recog-‘
r1ze and use scientific models
(District competency 1 71 7)

MEASURING

The student is able to demon-
strate a knowledge of the
metric (system) and use com-
mon Measuring instruments.
(District competencv 1.7.1.8)

[}

.1

Given a description of an
experiment and & list of
observable aspects of the
situation, the student will be
able to correctlv identifyv the
variables

Given the description of an
experiment and partial data, the
student will reasonably predict
the result of varving selected
variables in designated manners

Given written Instructions and
the necessarv equipment and
materials, the student will

1 Assemble the apparatus
correctly

2 Manipulate the designated
variable(s) and record the
observations

3 Adhere to all standard and
special laboratory safety
practices ’

4 Disassemble the apparatus
and satdsfactorily clean the
working area

The student will describe the
general circumstances under which
a scientific model is used for
explanatory purposes.

Given @& scientific model (e g
atomic). the student will use it
to .
1. Predict the results of a
given test
2. Devise an explanation for a
given observation
3. Explain an observed demonstra-
tion

The student will demonstrate the
ability to properly use the appro-
priate measuring device to satis-
factorilv measure" '

Length

Mass

Weight
Volume

Time
Temperature

[« SRV B SV N
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7.2 The student can provide appro-
priate S.1 units for area and
speed

7.3 The student will correctlv apply 6‘
S 1. prefixes when converting
volume, length, and mass measure-
ments (e.g., converting a given
number of liters to milliliters)

\ PROCEDLRES FOR EVALLATION

1 Competencies

Satisfactory completion of the course minimum competencles i

determined on the basis of student performance on a designated .
set of performance indicators for each competency. A passing

grade for the course Indicates suitcessful completion of all

designated minimur competencies ,

2 Course

Overali course performance level 1s judred on thetbasis of a point
s.stem Students earn points from a variety of class activities and
procedures, sﬁfF“‘{

1 LaboraJor\ write~ups
(.) Short term assignments (e B., whtk sheets, question sels,
problem sd}v{gg sets)
(3) Exarinations N\
5 («) Quizzes
(5) Level and quality oI tiassroor and laborators participation

with reasonable tlexibilitv granted te the individual classroor
teacher for purposes of addressing unusual specific situations,
the following scale determines the letter grade earned for the

course -
Percentage of Total Letter
Possible Points Grade
90 - 100 A
80 - 89 B
60 - 79 C
50 - 59 D
e Below 50 No Credit
’ ¥
|
} [}
s - o
: ) L;x, i N
|
|
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A
A
REX PUTNAM HIGH SCHOOL SCIENCE 2 (UNIFIED SCIENCE)
-
\
Pl
PLANNED COURSE STATEMENT
) AN
TITLE Science 2 AREA  Science ' 4
CREI'IT 50 SCHOOL RPHS
PREREQUISITE Science 1
1 PLRPOSE
The Science 2 student will increase his/her understlndf:g of the
scientific approach to developing and using knowledge. This will
be achieved bv a variety of activities and experiences that will
enable the learner to acquire some of the basic knowledge and skills
associated with the:
1 Biological sciences -~
2 Phvsical sciences
3 Scientific/Technological processes
11 COLRSE CONTENT
The course 1s comprised of six instructional units organized around
the themes of '
] Genetics
2 -Classitication (General)
3. (Classification (Characteristic properties of matter) e
o~
4. Heat energ: 7’
5. Energ\ 5
6 Mice
111  LEARNING ACTIVITIES.

1. Llaboratorv investigations

2. Demonstrations eacher”and Student)

3. Audto-visual aids ncluding films, posters, charts, graphs, audio
tapes, filmstrips, overhead projector, laboratorv models, and
chalkboard) ’

4. Discussions A

5. Lectures

6. Reading B

7. Computer (Experiments, simulated experiments, computation, data
diaplay, data storage, graphing, etc.)

8. laboratory writeups

9. Examinations/Quizzes

10. Reports/Projects -

Rev, - 82
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(Those competencies designated with an asterisk

are certified as fulfilled when a student has earned a passing grade for

Science 2.

Competencies

SAMPLE Performance Indicatoere

*1

[

*3

L

O L)
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CLASSIFYING

The student is able to fit

an organism, object or sub-
stan.e into a scientafic
c(lassification scheme. (Dis-
trict competency 1.7 1.1)

OBSER\ ING AND INFERING

The student is able to make
laboratorv observations and
make 1nferences from these
observations (Distract
competency 1 7.1.2)

COMMUNTCATIN

The student is able to com-
municate scientific concepts
and 1deas with the teacher
and fellow students  (Dis-
trict competencv 1 7.1 3)

11 Given 10 objects of the same
general tipe (e g , rocks, micro-
organisms), the student will devise
a classification scheme that will
effectively distinguish the obiects.

1 2 Civen some of the phvsical and
chemical characteristics of a
compound, the student will be able
to tentativelv identifsy the com-
pound by utilizing either a com-
puterized or kevsort card clas<i-
fication scheme

21 Given a list of observations and
inferences, the student w1ll be
able to correctlv 1dentify the
inferences

2 2 Given an appropriate laborator:
situation or demonstration, the *
student will make several obwerva-
tions and at least one reasonable

‘-ow ~4pbgrence from those observations

3.1Q§%he student can write legible.
understandable laborator\ reports
following the given report
guldelings.

3 2 The student will satisfactorils
define at least 80% of the 1ters
in the following list

Genotvpe and phenotipe

Dominant and recessive
characteristacs

3 Mutation

4 Classification

5. Density

6. Melting Point and Boilinx Point
7

8

o

Calorie
. Hypothermia

9, Methods of heat transfer

10. Potential and kinetic energv

11. Joule

12. Kilowatt-hour

13. Energy efficiencw

14, Maturation

15. Healthv environment for lab-
oratorv animals (e.g., mice)
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INTERPRETING AND PREDICTING

The student is able to inter-
pret data and make predictions
from these interpretations.
(District competencv 1 7.1.4)

RECOCNIZING VARIABLES

The student is able to recog-
nize variables and predict

what would happen when

stlected variables are altered.
(District competency 1.7.1.5)

EAPERIMENTINCG

The student is able to set up
and complete an experiment.
(District competency 1.7.1.6)

RECOGNIZING AND USING MODELS

The student is able to recog-
nize and use sclentific moq§ls.
(District competency 1.7.1.7)

4.

7.

ro
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Given genotvpe and phenotvpe
information for the parent
generation, the student will
describe the probable character-
istics of the progeny.

Given the temperature and time data
from heating an initially sclad
substance, the student waill-

1. Construct a properly labeled
graph

2. 1ldentifv the melting point of
the substance T

3. ldentifv the boiling poimg ~f
the substance

Given a description of an expdriment
and a list of observable aspec of
the situation, the student will be
able to correctlv identifsy the
variables

Given the description of an
experiment and partial data, the
student will reascnably predict
the result of varving selected
variables in designated manners.

Given written instructions and the
necessarv equipment and materials,
the student will-

1. Assemble the apparatus correctly

2. Manipulate the designated var-
{able(s) and record the obser-
vations

3. Adhere to all standard and
special laboratory safet®
practices

4. Disassemble the apparatus and
satisfactorilv clean the
working area

Given a list of phenomena and
another list of models, the Student
will choose one phenomenon and
identify one of the models as
appropriate for explainirg or
further investigating the
phenomenon.




7.2
8. MEASURING 8.1
The student is able to demon-
strate a knowledge of the
metric (svstem) and use
common measuring instruments.
(District competencv 1.7 1.8)
8.2
83
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Given a scientific model (e.g.,
Mendelian genetics), the student
will use it to.

1. Predict the results of a
given test

2. Devise an explanation for a
given observation

3. Explain an observed demon-
stration

The student will demonstrate the
abilitv to properlv use the
appropriate measuring device to
satisfactorilv measure:

Length
Mass

Weaght
Volume
Time
Temperature

[ SV W N

The student can provide appropriate
S.1. units for densitv and specific
heat.

The student will correctly apply

S.1. prefixes when converting volume,
length, mass, and time measruements
(e.g., converting a given number of
grams to kilograms).
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TEACHER MATERIALS AND QUESTIONNAIRES

Teacher Questionnaire

Orientation Meeting Information Sheet
Testing Instruction Sheet

Posttest Testing Instruction Sheet

Teacher Questionnaire II
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TEACHER QUESTIONNAIRE

TRACHER QUESTIONIAIRC

NAT
TYour name .111 not be used; ] need it here si=ply to momator the return of
the questionnaires.)

SCHOOL: Clackanas ¥ilwaukie Putnan
SCIENZE TEATITAIT TIOC YA
SET3TER 1

tourre{s) Taugh? lanber of
Sectiors

3ZE3TER 2:

Course(s) Taught Yu-ber of
Sections

- -
RSO

S7IZ T TOATITI

Total years (not\includan; thas year) of kigh sctool (grades 9-12) scie~-e
teaching experien teachinr one or more science courses)

At your present school Clsevhere

Years of high school teachinp experience in the science course(s) you are
teaching this year

Couras(s) Years Taught at| Years Tau-nt
r\ Present School Else.rere
~\ FORAL ACADEMIC PREPARATION
College or Univarsity Degrees Earned Year
 J

ERIC 31

Aruitoxt provided by Eic:




ERIC

Aruitoxt provided by Eic:

339

ORIENTATION MEETING INFORMATION SHEET

CLACKAMAS HIGH SCHOOL

Science Depdrtment

PUIPOSE OF RESEARCH: This research is being conducted to partially fulfill the
requirementa of & Ph.D, progrsm for Dave Cox and make a new
contribution to the existing science education research
imovwledge baase.

) )

INVESTIGATOR: Dave Cox
UNIVERSITY AFFILIATION: The Ohio State University, Columbua, Ohio

QUESTIONS TO BE ADDRESSED: 1. Does the type of sci®nce that serves aa the basis
of the classroom learning experisncea during the
required year of science have any significant
relationabip to the proceas skill competency per-

3 formance level achieved by students?

2. Does the grade level where science is last required
bave 8 significant relationabip to the student
performance level attained on science process akill
competencies?

3. What science procesa skill competency performance
level do atudents have one, two, or three years
after the last required science course has been
coxpleted?

L. Do elective science courses campleted after the
last required year of science have a sipnificant
relationship to the level of performance on science
process skill competencies?

QELEVANT CALENDAR: September 11, 1981-Pretesting of all students enrolled in
required science courses with the investigator
developed Science Process Comptency Test, wh:ch
is a 2L item multiple-choice test measuring
performance level on diatrict science process
competencies 1.7.1.1, 1.7.1.2, 1.7.1.L, 1.7.1.5,
1.7.1.7, and 1.7.1.8. The test will be
adminiatered by the olasaroom teacher and
abould require no more than a total of L5 min-
utes.

June 2, 1982-c-cc-- Posttesting of all studegts enrolled in
required science courses. The same teat and
procedure as usad in tha pretesting will be
utilised.

DISTRICT USE OF RESEARCH: MNone specified as certain. The only posaible use discussed
bas been to fulfill the following requirement from the new
Standards for Public Schools.

"issess student performance on selected program gosls in at
lesst language arts, msthematics, science and social“ptudies

in two alementary grades and one sacondary grade, prior
to the selection o, district textbooks..." 4

S22

\/ rw
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TESTING INSTRUCTION SHEET

TESTIMY INSTRUCTION SHEET

MATEUALS
You will be provided with the following materials.

. 30 Test Boohlets

. Student Information Sheets

Student Anawer Sheets (General Purpose NCS Answer Sheoets)
2L Pencils

. large Envelopes

WL R
PR

STUDENT INFOMATION SHEEZTS

Have each student complete a Student Information Sheet prior to hanciny ou*
the test booklets and answer sheets. Students are to either CIRCLE the
appropriate information or WRITE it in the blank spaces provided.

ANS "E? SHEETS

Orly St4~ 1 of the General Purpose-NC5-Answer Sheet will be used. USINS

p~IT OLY, have students write the FITST LETTER of their LAST LAME followed
by tneir BIRTH TATE AROVE where "Name" is printed in the upper Teft-hand corner.
For example, stugen: Leslie Doe would write

D 3/23/66
NA'.E (Last, wirst, !'.1.)
TTTT1

Tris 1s the only information that students are to place on the answer sheet.

TZ3T BOOKLEDS

Hand out the test booklets, reminding students not to open the- until told to
do 8o. PLEASE RIZAD THE FOLLOWING TO YOUR STUDENTS.

Students from all three high schoola in the district will be
taking this test. It 1s designed to measure your understanding
o7 science proress skills, such as measuring and classifying.
“Mile 1t is'not a graded part of your class work, it is important
that you do the very best that you can on the test. For each of
the 2l questions, you are to select the ONE best answer and darken
the space corresponding to it on your answer sheet. If you are
not aure of an answer, make the best guess that you can. Remember
to use only pencil, make your marks dark, and fill the circle
coplete_y. Erase cleanly any answer you wish to change. Please
do not mark or write cn the test booklet. You will have $he
renainder of the class period to camplete the test. Turn the page,
read the instructions, and begin answering the queations.

COLLECTINN OF FATERIALS

1. Please place the Stucdens Information Sheets and answer sheeta for eact
class together in a separate envelope.

2. TBe sure that all test booklets are returned at the end of each period.

3. Please make every effort to recover pencila that are borrowed by students.

k. Please return all materials to me at the end of the school day or when
you have campleted testing for the day.




O
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ATTEIDANCE

Please record class numbers and absences on the attachad sheet and return
it to me at the end of the day.

QUESTIONS, PR03LEMS, ETC.

1 will be in your building all day during the testing. Should you have
any questions, need adjitional materials, etc., I will be located

Thank you very much for yYour cooperation on this project.

NOTES
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POSTTEST TESTING INSTRUCTION SHEET

POSTTEST TESTING INSTRUCTION SHEET

MATERIALS ’
]
You will be provided with the following materials:

1. 30 Science Process Competency Test booklets
2, 129 Scicnce Process Tes: Answor Shests

3. 25 Stud'nt Information :heots

L. 2L Pencils

S. 5 lLarge Envelopes

6. 1 Attendance Reporting Sheet

7. 1 Testing Conditions Reporting Sheet

ANSWER SHEETS

Students may use either pencil or pen vhen marking tbeir answer
sheets, Pencils are preferable, however, since their use minirizes
problens when changing answers. I1f a pen is uszid, any answer tnat
is changed should bave an "X" placed on it. Students are not to
mark or write in the upper portion of the answer sheet. In the
lovwer left-hand corner of the answer sheat, studsnts are to write
the FIRST LETTER of their LAST NAME followed by their HIRTH DATE.
For example, studant leslie J. Doe would write

ID: 3/23/66
(Hrst lefter of Jast name) (birth date)

Other than their answers to the 2L test questions, this is the only
information that students are to place on the answer cheets. Tho
questions on the papges stanlod to the answer gheet are to be an-
svered after the test has been completed.

TEST BOOKLETS

Hand out the test booklets, reminding students not to open then
until told to do so. PLEASE READ THE FOLLOWING TO YOUR s‘l'UDl-avlTS.

Students from all three high schools in the district will

be taldng this test. It is designed to measure your undor-
standing of same of the science process sikills, such as’
elassifying and measuring. Wwhile the test is not a graded
part of your class work, it is important that you do the

very best that you cen when answering the questiorns. The
results of tho testing will only be useful if everyone makes
their best effort. Por eich of the 2L Questions on the tast,
yOUu are to select the O\T Lest answor and darken the srace
correspnding to 4t on jnur cnswer shoet. 1f you are not sure
of an answor, make the bust guess that you can. Erese or
place an "X" on any answer you wish to change. PLEASE DO 0T
MARK OR WRITE ON THE TEST BOOKLETS., Stapled to your test
ansver shest ie¢ a page containing two Questions. Please




D.
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I.

ansver these questions after you h;\n‘ campleted the test.
You will have the remaindsr of the clsss period in which
to camplets the test. Turn the first page of your test
booklet, read the instruotions, and begin answering the
Questions.

STUDENT INFORMATION SHEETS

The only students who need to fill ocut the Student Information
Sheet 11 are those who DID NOT take the pretest. Thoy are to
either circle the appropriate information or write it in the
blank spaces provided.

COLLECTION OF MATERIALS

1. Please place the test.,answer ts and Student Information
Sheets for EACH CLASS IN A S TE ENVELOPE.

2. Fe sure that all test booklets are returned at the end of
each class period.

3. Please make every effort to recover pencils that are borrowed
by students.

L. Please return all materials to me at the end of the school day
or when you have campleted testing for the day.

ATTENDANCE REPORTING SHEET

Please record the requested class numbers and names of studcnts
who are absent and return the shest to me at the end of the day.

TESTING CONDITIONS REPORTING SHEET

Fleass make any appropriate corments for any class period in the
space provided, and return the sheet to me at the end of the day.

QUESTIONS, PROBLEMS, ETC.

T will be in your building all day during the testing. Should you
bave any questions, necd additional materials, etc., I will be in.
the GUIDANCE OFFICE AREA. Thank you very much for your oooperstion
on this project.

NOTES AND REMINDERS

344
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TESTING CONDITIONS REPORTING SHEET

N

TEACHER SCHOOL

Please list below any wnusual circunstances or events that occured
during any class period on the desipgnated testing day. In additiom,
please note any ficant variations in testing procedure, length of
working time, etc. Thank you!

PERIOD UNUSUAL CIRCUMSTANCES, EVENTS, VARIATIORS IN TESTING
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TEACHER QUESTIONNAIRE II

TEACHER QUESTIONNAIRE 11

NAME

[Your nane wIIT 5ot be used; T need It Bere &Py to moltor the
return of the questicomaires.)

SCROOL1 Clackamas Milwauide Rex Putnam
l. TIME D!'VOTKD),TO THE SCIENCE PROCESS SKILL CWPETENCIES

Please make an setimate of the percentage of your total instruc-
tional time devoted to the science process skills identified im the
district minimm gredustion competencies in the scientific/tech-
nological procesess, Place an "X" an the instructionsl time con-

. tinuum to represent your estimate.
0 10 20 30 Lo L 60 10 80 90 100
/ / / / [/ / / [ Lo/

No me Y Foy1
fﬂmo

If you marked LRSS THAN 10%, plesse write a more precise estinate in
the space below. !

£

2. CHANGE IN TIME OR EMPHASIS

Did you increase over your usual amount eitber the-time epent or the
exphasis on the science process skille this yeoar?

!
¥

L i

YES NO

If YIS, did you imcreass time? @wphasis? both time & empbasis?
(circle your ohoice above) .

3. INSERVICE .

Have you participated in any building or dietrict levsl inservice
sctivity devoted to the district bigh school science prograa goal
and/or the science procees skill minimum graduation competencies”

TES NO -

r

If YIS, please check all appropriate responses below.
[(J1nservice relative to the district's bigh school science program

[(Jinservice relative to the distriat's minimum gradustion cupofc\a\-
cias in the scientific/technological processes

(

) -~

Q Y

ERIC Y
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[ Building level inservice
[Owithin the last year
(Obétween 1 and 3 years ago

P’h or S years a;o"'
[ IMore than S years ago

/‘/DMltﬂct level inpervice

[(Owithin the last year
(Batueen 1 and ) years ago
[ClLor S ysars ago

(More than S years ago

b.\CussmNousnops

Have you participated in any class or workshop that was devoted
entirely or had s major tomponent devoted to the science process
sicills?

YES NO

If YES, please check a1l appropriste responses below and provide
the requested accampanying information.

[Cclass -
Location:

Title:
(Cworkshop
Location:
Muo :
E-plcud

Owithin the last yzg
[JBetween 1 and 3 years ago -

(O or 5 years ago :

(OMore than 5 years ago \
>
\
W
. & \-; LI\ . -
%
K

348
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VALIDATION PANEL

4 1. Letter and Instructions to Validation Panel Members

2. Validation Panel Worksheet ////

349

Q ) \’3:’3




O

ERIC

Aruitoxt provided by Eic:

350

LETTER AND INSTRUCTIONS TO VALIDATION PANEL MEMBERS

¥ilwackie, Oregor. $7C1¢
July 23, 1981

Dear ’ ™~

Thant you very much for agreeins tofussist in the validation of ny

diescrtation ircirt=en. The test is designed to measure the performance N
level o7 etadents in grades Y and 10 relative to a set o@ence conpe-

Tc- ... w2cp.e? by thc Lorth Claczazas School District. These science

process COEpetcnciss are

1. The student is able to fit an organism, object or
sutstance into a scientific classification scheme.

2. The student is able to make laboratory observations
arfgpake inferences from these observations.

##3. The student is able to communicate scientific con-
cepts and ideas with the teacher and fellow students.

L. The atudent is sble to interpret data and make
predictions from these interpretations.

5. The student is able to recognirze variables and predict
whas would bappen when aelectod variables are altered.

6. The student is able to set up and carplete an experiment.
7. The student is able to recognize and use scientific mcdels.

8. The student is able to demofistrate a knowledge of the
metric (syster) and use camon messuring instruments.

#The intent of co=petency 6 1s for the student to follow a given set
of instructions that require tbe physical assembly, manipulation, reading,
etc. of eQuipment an? raterials in order to satisfactorily complete the
specified data gathering procedurss. Tbe competency does not direct itself
to the studert's ability to design experiments. While tbis appears to be
a perfectly lecitimate and viable competency, 1t does Dot lend itself to
the type of measurement instrument that I bave selected. Therefore, I will
pot addreas tbis competency in my Study.

#sZorpetency 3 shares some of the saxe cbaracteristics as carpetency £.
I will rely beavily upon tbe judgment of the validation panel in deter-
mininp wbether or mot to include this competency in the study. The basic
question appears to be ubetbsr or not this competency can be effectivcly
reagared with 8 paper and pencil instrument such as the one I bave designec.

LI

’
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In order to assiat you in your validation task, I have stated sach
corretency and then listed under it the items that I believe meagare the
indicated kno:ledge, skill, or performance level. To further expedite
your work, I bave prepared a "Validation Panel Workaheet."” It lists each
test itex by nunber and providea a space for you to check "yes" or "no’
for your perception of its validity. PLEASE INCLUDE 4 REASON IN THE "COM-
MENTS” SECTION WHENEVER YOU CHECK "NO" FOR AN ITEM.

Any adZitional commenta Or suggestiona are welcored, but please note
that such itens as gramuar, picture Quality, sketch quality, distribution
of correct responses, and spacing on pages are atill in working draft form.
In2ividual itens and the instrument 8a & whole will be "cleaned up" when
the final decision is nade aa to which items will be retained.

Since I am o3 a very tight time line, it would be most appreciated
1f you would ret:crn the "Validation Pamsl Workabeset” (and instrument,
if you bave made caments on it and/or have no desire to retain it) no
leter than AUSUST 7, 1981. I bave provided a poatage paid envelope for
your conveaience.

Thank ycu 8g3in for your much appreciated belp and the generous
sharing of your science sducation expertiae. \

) srely, l

Davi V.W‘

Enclosures
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VALIDATION PANEL WORKSHEET

VALIDATION PANEL WORKSHEFT

Panel Member Date Completad
RERMINDERS: 1. The test iteme are designed to measure the performance level of
studente in gredee 9 and 10 relative to s set of ecience pProceese
oompetencies. It is not intended to be & measure of science
content knowledge.
2. Please check eitber the "yes" or "no" space for each test item.
3. If you check "no," plesse camment as to the reasone for your
"not valid" determination. Use the back of the workebeet if more
space ie needed.
L. The instrusent ie in "working dreft" fom, but feel free to make
comments or suggeetione either in the "commente” section of the
*workebeet" or on the instrument iteself.
S. If you wisb to contact me during the validation process, I can be
reached at either (bome) or (ofrfice).
6. Please return the "workebeet" Do later than August 7, 1981.
I™ VALID COMMENTS
NUMBER YES XO
1-1
1-2
1-3
1-4
2-1
2-2
2-3
2-1.( /
o N\
31 L
3-2
L]
3-3
3-4
3-5 .




I™
NUMBER

VALID
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k-1

k-2

L-3

L-L

5-L

7-1

-

7-2

7-3

T-b

8-1

8-3

8-L
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SCIENCE PROCESS COMPETENCY TEST

DO ‘OPEN THIS TEST BOOXLET UNTIL YOU ARE TOLD TO DO SO.

SCIENCE PROCESS COMPETENCY TEST
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SCIDICE PROCESS COMPETENCY TEST

’

INSTRUCTIONS: This test contains 2L multiple-cboice Questions. TYou are to

choose tbe ONE best answer for each question and tben darken
the space corresponding to it on your anewer sbeet. If you
make & mistake or wisb to change an ansver, be sure to erese
your first mark completely. DO WOT WRITE OR MARK ON THIS TEST
BOOKLET. You will bave L5 minutes in whbich to camplete the
test.

1.

Sketches showing the typical shape of § of the 10 different types of solid
precipitation (snow, graupel, ice pellets, and bail) identified in the
International Snow Classification scheme are sbown below.

D. nﬁ (3patial Dendrite)
2(\/1« Y

) & (Stellar Crystal)

The solid precipitation sketched below is most likely s member of which
of the types listed above?




2. The fish sketched below ie to be identified.

Dorsal Pin._Z : "

Csudal Fin

Using the partial classification echeme outlined below, the fish ie
most likely identified as

A.

B.

Trout or Char

Salmon

Chinook, Cobo, or Pink
Chum or Sockeye

Rainbow Trout

[T‘rout, Char, or Salmon

i

l

Anal Fin Has 12 or Fewer Rays Ans]l Mn Has 13 or More Rays

[Sa1s)

ERIC
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| L
Distinct Bleck No Dietinct Spots

Spots On Back On Back or Caudal
and Caudal Fin Mn; Fine Speckling
Present [
M
Chinook, Cobo, [—aum or Sockeg‘l
or Pink
/
)
/
-
LN
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3. Seversl generel claseses of stars beve besn identified. The table below
provides examplee of same of tbese different types of stars elong with
some of their important cbaracteristics. (Data from Van Nostrend's Scientific

cyclopedis, Fifth l(}itiOn)

e

- S
k\' t.a\r‘)hpe Exanple Surfece Temp. Luminosity Density (Relative
Star x (Relstive to to water)
the sun)
white Dwerf Sirius B 7,500 0.1 27,000
Main Sequence Sun 6,000 1.0 1.L
Red Gisnt Antares 3,100 5,000 0.0000003

If @ star hss much greater luminosity tban the sun and e density much smaller
than water, it is probably

A. White Dwar{ star
B. Red Oient star’

C. Main Sequence star
D. Alphbe Centauri

E. More data is required in order to obtain an enswer

L. Lenses or combinations of lenses ere usually clsssified by shspe es shown

DIl

Double Plano Concsvo- Double Pleno Convexo-
Convex Convex Convex Concave Concave Concsve

The oombination of 3 lenses sketchad below would be clessified as which one
of the types represented sbove?

A. Plano Conceve " Lens 2
8. Co

Plano Convex Lens 1
-C. Concevo-Convex ’

Lens 3
D. Convexo-Concave

E. Double Convex

S
N -
C-
[
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Thermometer o
&——— 100°C Tempersture Reading
Liquid —t— '
Bunsen Burmer

S. Which one of the following is an observation baaed upon the laboratory
situation depicted above”

A.

B.

Water ie boiling

The temperature of the uazgr in the heaker ia increaeing
The temperature of the suhstance in the beaker ie 100°C
The burner flame haa a temperature of 100°C

The liquid in the beaker ia superheated
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6. A balloon is tightly attached to an opening in tbs top of & heavy

walled glass jar.

to prevent air leaks, and tbe jar’{s then placad over 8 sample of

substance A.
ths atmosphsric pressure and room tempersture did not cbangs.

rasclting observations are sketched below. "
Salloon Balloon

Sssled Jar Sealed Jor

Substance A Substance A

Day 1

Doy 5

)
li
Dey 10

Sealing wax is'placed around tbs bottom of the Jor

Obsarvations were mads over seversl days, during which
Ths

Balloor

Sealed Jar

Sucstance A

-

abich statecent balow represents ths bsst explanation that can be made
from the obssrvations?

k.

Substancs A is giving off a gas

Ths balloon bas become inflated

Substance A is burning

Thsre is s slow leak in the system

.

Nope of ths statements abovs represents 2 possible explanation
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7.

A student conducted an investigetion of ths effecta of 3} different colors
of light on the growth of plant X. All of ths plants were as cloae as

possible to tbe same beight on Day 1, and all varisbles except ths color
of light were beld constant. The skstches below represent tbe situstion

observed on Day 165.

{ \

h g

~ o
»

-

3ed

Lignt Only ] olet Light Onlj [Yellou Light Only] .

One can
4.
B.
c.

D.

conclude from these obur?tionl that during ths 15 days ‘
Plants grown under yellow light dsveloped fewsr leaves

Red light prevented the normal growth of plant X

Violet light carries more energy than eithsr red or yellow light

Ths plants grown undsr yellow light were pot as bealtby as the
plants grown ‘ndor red and violet light (

Nons of the statements above represents s reasonabdls conclusion
based upon ths information provided

PRt

~
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MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAL OF STANDARDS
Y !TANDARD REFERENCE MATERIAL 1010a
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8. A small plastic sphsre is dipped into a tray of water at regular intervals
(s.g., it dips into the water every i second). The resulting pltkrn of
circular water waves is skstched below. ’

Sphere hits bere

Now ths sphers is moved, wbile it contimues to dip into tbe water at ths
same rate. The resulting pattern of water waves is sketcked below.,

\ Direction of motion
. of tbe sphere that
produces ths wavss

The best description of your obsarvations is

A. ¥o observable changs ts from the motion of the sphere that
is producing the waves.

B. Tbs waves are closer togetber in front of the moving sourcs tban
bebind the moving source

C. The waves are closer together
D. A red shift is observed g

E. When the source of the water waves moved, the waves travelled at
different speeds "

W

™
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9. Use the grapb below in answering tbie item.

_ TYPICAL SYSTOLIC BLOOD PRESSURE ve AGE

5 K

2

Systolic Blood Pressure in mm of Hg
2

Lo

20 :
& .

0 [ RV U W U NN JE NS SN B S W S

0O S5 10 15 20 25 3 35 LO LS 50 55 60 65
J’ ¢ Age in Years
The best statement ro.lulung from interpreting the data in the grapb sbove ie

A. Syetolic blood preesure typically increases with ege,'with the
most rapid increase bappening during tbe first year sfter birth
i

B. Blood pressure typically increases vitb ege
' * C. Systolic blood pressure typicelly increases with ege

D. The systolic blood preesure typicelly increasee with age et @ nearly
conetant rate

E. Systolic blood pressure typicelly increasee until spproximately ege
20 and then staye constant

O o) o '

ERIC
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10. The graph below shows the data gathered wben some students were observing
bow the concentration of a solution changed with time. All other varisbles
were held congtant.

-~ T— CONCENTRATION vs TIME

6}—

’
Concentrmation in moles/liter
)

0 L 8 12 16 20 2L 28 32 3 Lo Lk ALAB
Time in Minutes
The best interpretation of the data as it is displayed in this graph is
A. Concentration decresses &8s time increases

B. Concentration is directly proportional to time

-

»

C. Concentration incresses as time increases
D. Concentration remains constant

E. There is no apparent relstionship between concentrstion and time

11. Using the grapb contained in problem 10 above, predict the concentration
when the time ia LO mimtes.
A. 3.0 moles/liter
B. 2.'0 moles/liter
| C. 0.5 moles/liter ‘
| L. 0.0 moles/liter

E. L.O moles/liter

O [NPENGN
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12. Sunspot activity between the years 1900 and 1960 reached & maximum during
each of the following years:

1906
1912
118 \
1924
1930
1935
1941
1947
1953
1959

Based upon the data given, when ie the next (after 1980) marimum sunspot
activity likely to occur?

A. 2000

B. 1987

C. 1982 or 1983

D. 198 or 1985

2. 1985 or 1986
13. A group of students are going to conduct an axperinent, to determine the
tionship, 1f any, between the amount of ¢ particular type of fertiliser
and the resulting crop yield. All otber important variablee are

ing to be comtrolled. Which ome of the following ie an saperimental
ble?

i

A. The amount of fertiliser uUsed on each experimental plot
B. The type of fertiliser ueed on each experimental plot
C. The mmount of land used for sach experimental plot

D. The amount of water applied to uci: axperimental plot

2. None of the iteme listed above are variablee during the experiment

0 d |
ERIC

‘
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1L. Speed and time data were recorded while observing a 1-kg mass, starting
from rest, fall through & total distance of 2 meters. 4 grepb containing
the speed and time data is shown below.

Z— SIXD ve TDXE
35+
qbr
3+
2L
¥
ol i |

|
0.1 0.2 0.3 0.k 0.5 0.6 0.7
Tine in Beownds

~
o

Which one item fram tbe list below was an experimental wiriable during
the time the data were being gathered in the eitunation deacribed above?

A. Maas of the falling object

B. Starting speed of the falling object

C. Volume of tbe falling object

D. Total distance moved by the falling object

E. Time the object bad been falling

-
~

<
-

O
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15. The grapb below eontains informstion about the relatiocnsbip between rate
of ensymes action and tempersture wben pH and concentrations are held constant.

RATE OF BMZYME ACTION vs TEMPYRATURE

T 171

L

Ensyms Rate of Action
T

[ | ] 1 J
0 10 PO Y L0 %
Temperatare in °C

If the temperature is beld constant at 25°C, 1t can be predicted that the
snsyme reaction rate will most likely

Continue t0 increase at tbe same rute
Decre=se

Drop to sero

Remain constant

Increase, but st a slower rete




16. The chart below ehouws the temperature chenge a person feels due to wind
(sometimes called the "chill factor") when the wind-fres tempsrature of

the air e 15.6§C.

Wind Speed Temperature Cbange

kilameters/hour oc
0 0

8.0 -2.3

16.1 -5.6

2L.C -6.7

32.0 -7.8

L0.1 -£.9

Gased upon the dsta above, whet can the terperature chenge be predicted
1

to be if
A.
B.
c.
D.

E.

17. Wwhich of
A.
B.

c.

ERIC

Aruitoxt provided by Eic:

the wind speed were increased to LE.1 kilometers/hour?

0%

-1.1%

-16.9%¢C

-15.6°C ¢

-10.0°C

the following ie the best example of a ecientific model?
A buman skeleton

A labeled cutaway diagram of the sartb

A small working steams engine

A camputer

Al1 of the examples sbove are equally good sxamples of scientific
modele ,

\g:;' F i




18. An outdated scientific mode) portraysd electricity as camposed of positive
and negative fluids. Sometbing tbat was electrically neutral (no charge)
bad equal amounts of botb types of fluid. Which one of tbe following is
s testable prediction based upon this model?

A. Keoctricity ocan only exist on earth

B. An object with a positive charge will be beavier than an object
with an equal amount of negafive charge

C. Klectricity can only flow from positive to negative objects

D. A neutrel ob;cct that is given & positive charge will gain
mass (weight

E. DNone of tbe statements above are testable predictions based
upon the model given
19. Scientific models can be used to do all but one of the following. Wbich
one is Dot an appropriate use of scientific models?
A. Make predictions
B. Provide explanations
C. Answer Questions

D. Prove scientifically that something is true

E. Suggest topics or questions for scientific research

20. Which of the following is not explained by use of & ecientific model?
A. The structure of atoms
B. Buman tbinking processes
C. Eergy formation in stars
D. Bvaporstion of water

E. All of the items above are explained by using scientific models

. g
ERIC
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21. The picture below shows & meter stick being used to msasure the length of
& rock sample.

';spmin I
9

4 5
bbb

The best estimate of the length of the rock sample is

4.
B.
c.
. D.

E.

10.0 m

.7.30cn

10.7 m
17.30 om
107.3 mm




22. A student ia using e 100 m]l gredusted cylinder to measure the volume of

e liquid sample. The sketch below abowa e portion of that gredusted cylinder.

o

-
-

(i

ll le

Jal
o

it

{iil

o

i

The beat estimate of the volume of the liquid in liters ia
A. 64.0 liters
B. 0.655 litera
C. 6.50 liters
D. 0.06L0 litera

E. 0.0655 liters

ERIC :
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23. The musu\of 8 bone 1s beinp determined by using a laborstory balance.
The picture below was taken when it was gime to read the mass fram the
balance

The best estimate of the mase of the bore ir k:logrars is
A. 180.0 k¢
B 15,0 k¢

" C.1A22% o

i)

1.8 19 k¢

o1

.19 kg

l;(‘-—
L)
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2L. A atopclock was used to measure the time required for a8 pendulum to
complate one swing. The picture below ahows the reading on the stopclock.

W\ 8 {
. N 0 7,
S 9
3 Stopclock
=8
- ® e
?7 second;
e
\ //6 5 4\.\ ‘\
A TR U N

The best astimate of the time required for one swing of the pendulum ia

-
®

AN
N
N\

2

W

/
//’/'Illll\“\\\

/,/

A. 2.7 s

(@]
~
~

1
[ ]
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APPENDIX F

STUDENT MATERIALS AND QUESTIONNAIRES

Student Information Sheet
Student Answer Sheef

Questions Appended to the
Student Information Sheet

Student Information Sheet

(S18)

Science Process Competency Test
IT (S1S 11)

I11 (SIS III)

Sample Two Letter of Notification

374

S

-~

fars



- 1
o~
) STUDENT INFORMATION SHEET
STUDENT INFORMATION SHEFT -
NAME
(last) (first) # (middle initial)
SEx M F
CRALT 9 10 11 12
BIRTH DATE
(month) (dav) (vear)
SCHOOL Clackamas Milwaukie Rex Putnam
SCIENCE CBASS
PERIOD 1 2 3 4 5 6 7
TEACHER <
HAVE YOL COMPLETED Aal OTHER HIGH SCHOOL SCIENCE CLASSES” Yes No

IF THF ANSWER TO THE QUESTION ABOVE IS "YES,'" PLEASE LIST ALL OF THE HICGH
SCHOOL SCIENCE COLRSES THAT YOL HAVE COMPLETED

PLEASE WRITE THE NAME OF THE LAST MATHEMATICS COLRSE THAT YOU COMPLETED

\

JFAIOF/&kJJSCHOOL ATTENDED

. WERE YOU IN A SCIENCE CLASS IN GRADE 77 Yes All Year Part of Year

. WERE YOU IN A SCIENCE CLASS IN GRADE 8~ Yes All Year Part of Year

PLEASE DO NOT MARK OR WRITE IN THE SPACE BELOW

ERIC o -

Aruitoxt provided by Eic:
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STUDENT ANSWER SHEET

. T Ty
SCIENCE PROCRSS TEST ANSWEH SHEET _
—PIXEISY I0 WOT WITE 1IN IS SPITY
’
____lllllll___“lﬁ_: _____
e e e e e e e e ————— —— — —
1 . *
—————— —_——— e —— e ——— e e — P
MARK YOUR ANSWERS IX THE SPACES BELOW
, . - -
abcde abcde
. 00 00O 1l4. 0 0UOOO i
2. 00O0O0OO 15. 00O0O0O .
A [ 4 .
3., poO0OOGO i6. 00DO0OO
) .
«.!00000 17. 00000
4
. <. o00O0O 8. 000D00O
¥
6. 00O0O0O0 18S. 00000
7. o 0O0OOO 20 DDOOO
8. 000 OO 2. 000D0O00 ,
. 9. 0000 O 22 oow&
»
6. 00O0O0OO 23 000O00O
11. 000 DO 24, G OOOO
12 00000
13. 000 0O
e e e e e —————— . ————— - 2 -
IDs
ret r O ast DARS
! "r) N
Q - Jot
ERIC . - ‘

r
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QUESTIONS APPENDED TO THE SCIENCE PROCESS COMPETENCY TEST

\

25. Do you feel thst you learned any sciance in school THIS JEAR OUT-
SIDZ OF YOUR SCIENCE CLASS that helped you angwer any of the
guestions on this test?

ca Ploase circle your respanes. YES NO -

1f you answered TES, plesse indicate where:

26, Do you fesl that you learned any sciemce OUTSIDE OF SCHOOL TH1S
TEAR that belped you answer any of the quastions on this Uest?
- Y

Please cirole your response. 18S | o] ,

! If you answered TES, please indicate wbere by ciroling cne or mors T
of the items below: ’

—

™ ARADING oms1 MOVIRS OTHER (Plesss list): _
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STUDENT INPOﬁTION SHEET I1

STUDENT INPORMATION SHEET II

RAME:

(last) {firet) (ndddle Initial)
SCROOL: Clackamas Milwaukie Rex Putnan
EIRTH DATE:

{montd) (ay) (year)
XX M r
ORADE: g 10 n 12

PLEASE LIST ALL OF YOUR MIGH SCHOOL (9-12) SCIENCE COURSES IN THE ORDER THAT
YOU COMPLETED TAR!, INCLUDING COURSES TAKEN THIS YEAR:

YEAR TN SCHOOL COURSE RAME(S) TRACHER(S)
s n 1 T T R
9 10 1 12 )
9 10 n 12 ,
9 10 11 12
T, 9

PLZASE LIST AlLL OF YC'IR #204 8CHOOL (9-12) MATHEMATICS COURSES IN THE ORDER !
THAT YOU COrPLETED THE®, INCLUDING COURSES TAKEN THIS YRAR:

YEAR IN SCHOOL COT™SE RAME(S) |
$ 10 1 15-"" o T e
9 10 11 2 O
9 10 11 12 :
9 10 11 2
TTY YOU TG0TRE WORE S°ACE, PLYCSY USY ToE WACK OF TAIS SHEET.)

JONIOD KIOR €CHOOL ATTENDED: lekes Mcloughlin Mileawkls Rewe Other
(1 you attended more than ome j'uuor Mgh, circle your eighth greds school.)
JUNTOR HIOM SCMOCL SCIMMCE: QRADE T  Tes o 7 .

‘ 1f Yes, AL} Year Part of Tear ?

" ORADE 8 (T | ) 4

N If Yes, All Year Part of Year ?

scmcxmmmmxm? CLASSES:

AT SCNOOL Yoo lo/ 1f Yes, vhere?
OUTSIDE . SCHOOL Yoo | 1] If Yes, where? TV Rding OMSI Movies
Otber (please specify)
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STUDENT INFORMATION SHEET JII

STUDENT INFORMATICN SHEET I11

NAME
{1ast) first) (aidale initial)
SCHOOL - Clackancs Milwaukie Rex Putrno-
BIRTH DATE
{month ) (day (year
GRADE: Q 10 lh 1z

"
SCIENCE CLASS

SCIENCE TEACHER

SCIENCE CLASS PERIOD. 1~ 3 4 o5 o T

Have you been enrclled in a MATHEMATICS class DURING THFIS SCHCOL YEAR®

YEG NG

If YES, please provide the .a~e ¢f the course{s) and teachers{s) 1n the
space(s) belcv.

SEMESTER 1-
Tnane cf mathematics ccur:e, (teacher)
SEMESTER 2
Tname of oathematics course: {teacher)
o d o0

EMC ' A e
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SAMPLE TWO LETTER OF NOTIFICATION

May 12, 1982

Dear

You are one of s small group of Rex Putnam High School
students selscted to participate in one portion of a study of
the North Clsckamas School District's high school science pro-
gram. All thst will be required from you can sasily be con-
plsted during one class Period. The time that has been selected
is PERIOD 1 on TUZSDAY, MY 18, 1982. TYou have already bLeen
pre-excuzed from your 6cneauled first period cla:- on that day
and should repcrt directly to the AUDITORIUM, where regular
attendancs will be taken.

Sincs ths number of students involved is small, your val-
uable input is extremsly important. Your participation in this
activity will have no effect cn your grade in any class, and
your anonymity is guarantesd. If you have any questions, please
cbsck with Mrs. Winthsrs. .

I csrtainly bope that you are excited about being one of
the group of pecple chossn to participate in this portion of the
study. I am looidng forward to sesing you during first period
on May 18.

David C. Cox
Projsct Director
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ABBREVIATION

ADVBIO1
ADVBIO.Z
ADVCHEM]I
ADVCHEM.
ADVPH1
AGL

ALG
AMT75C1
AM17sCL

AMT8SC1
AMT8S5C2

ATSCHOOL

B101
B102
BYNDALG

CATFALL

CATGR7-CATGR11
CATLANG
CATMATH
CATREAD
CATSPRNG
CATWINTR

CHEM1
CHEM?2
CLACKHI
CLASSIFY
CREATE

ELECSCI
ES1

ES2

382

VARIABLE LIST

VARIABLE

One semester of elective Advanced Biology

One year of elective Advanced Biology

One semester of elective Advanced Chemistry

One year of elective Advanced Chemistry

One semester of elective Advanced Physics

Age to nearest one-tenth year

First year of algebra

Full vear of science in grade seven

Less than one full vear of science in grade
seven

Full year of science in grade eight

Less than one full year of science in grade
eight ' ,

Science learned at school outside of science
class ’

One semester of elective Biology
One year of elective Biology
Mathematics after first-year algebra

CAT administered during September through
November

Grade level (7-11) when CAT administered

CAT total Language standard score

CAT total Mathematics standard score

CAT total Reading standard score

CAT admimistered during March through May

CAT administered during December through
February

One semester of elective Chemistry

One year of elective Chemistry

Clackamas High School

Sample One pretest and Sample Two score for
SPCT Classifying Subtest

One or more created CAT scores

One or more semesters of elective science

One semester of elective Earth and Space
Science

One year/of elective Earth and Space Science

N
)

S



GENMTH
GRADE9-GRADE12
GR7SC1
GRBSCI

ID
INTERP

ITEM1-ITEM24

ITEM1A-TTEM24E

JH1-JH4
JH5

MEASURE
\

MILHI

MODEL |
MOVIES
NATSC1
NATSC2
OBSERVE
OMSI

OTHER

OTHER1
OTHERZ2
OUTSIDE

PERIOD1-PERIOD7
" PHY1

PHY2

PHYSC1

PHYSC2
PITEM1-PITEM24

General mathematics

" Grade level during 1981-82 school year

Science in grade seven
Science in grade eight
{

School \

Sample One pretest and Sample Two score for
SPCT Interpreting Data Subtest

Correct responses to SPCT items foi Sample
One pretest and Sample Two

Incorrect responses to SPCT items for-Sample
One pretest and Sample Two

Junior high schools in the North Clackamas
School District

.Junior high schools outside the North

Clackamas School District

Sample One pretest and Sample Two score for
SPCT Measuring Subtest

Milwaukie High School

Sample One pretest and Sample Two score for
SPCT Modeling Subtest

Science learned outside of school from motion
pictures

One semester of elective Natural Science
One year of elective Natural Science

Sample One pretest and Sample Two score for
SPCT Observing Subtest

Science learned at the Oregon Museum of
Science and Industry

Science learned outside of school from
sources other than television, reading,
OMSI, or movies )

Laboratory assistant and/or science Reading
and Confefence

Science class completed outside of-the North
Clackamas School District

Science learned outside of school ’

Sample One science class period

One semester of elective Physics

One year of elective Physics

One semester of glective Physical GEcience

One year of elective Physical Science

Correct responses to SPCT items for Sample
One posttest



4r

PITEM1A-PITEM24E

“POSTTEST
PPROCOMP
PREMATH1
PREMATH?2
PREMATH3
PRESCI1
PRESCI2
PRESCI3
PRESCT4
PRESCI5S
PRESCI6
PRESCI?
PRESCIS8
PRESCI9
PRESCI10
PRESCI11
PRESCI12
PRESCI13
PRETEST
PRETESTL
PRETESTM
PREVSCI
PROCOMP

PTCLASS
PTINTERP
PTMEASR
PTMODEL
PTOBSV

PTSTLATE
PTVﬁB

PUTHI
READ

SCISEM1

SCISEM2

SEX
SMELSC1~-SMELSC10

384

Incorrect responses to SPCT items for Sample
One posttest’

SPCT posttest

SPCT posttest score for Sample One

General mathematics

First-year algebra

Mathematics beyond algebra

Natural Science

Chemistry

Physics

Biology

General Science

Astronomy

Physical 6cience

Earth Science

Electronics .

Earth and Space Science

Integrated Science

Science Concepts

Modern Science

SPCT pretest

SPCT pretest completed late

SPCT Pretest made up

Previous high school science

SPCT pretest score for Sample One and
Sample Two

Sample One posttest score for SPCT Classify-
ing Subtest

Sample One posttest score for SPCT Inter-
preting Data Subtest v

Sampie One posttest score for SPCT Measuring
Subtest

Sample One posttest score for SPCT Modeling
Subtest

Sample One posttest score for SPCT Observing
Subtest

SPCT posttest completed late

" Sample One posttest score for SPCT Identify-

ing Variables Subtest
Rex Putnam High School

Sciencé learned outside of school by reading

One semester of elective Science Seminar
One year of elective Science Seminar
Gender

Semesters (1-10) of elective science



b

\kTEACHQ-TEACHIZ

&

TEACH1-TEACH4

TEACH5-TEACHS

.

TV

TYPESCI]
TYPESC?2
TYPESC3
TYPESCq

Uste
LS

VARIABLE

YRREM1

YRREM.
YRREM3

\ 385

First-Level science teachers at Clackamas
High School

First-level science teachers at Milwaukie
High School

First-level science teachers at Rex Putnam
High School

Science learned outside of school bv
television

First-level Biology

First-level Earth and Space Science

First-level Physical Science

First-level Unified and Integrated Scilence

~n

One semester of elective Integrated Science
One year of elective Integrated Science

Sample One pretest and Sample Two score for
SPCT ldentifying Variables Subtest

One year removed from required science
Two years removed from required science

~Three years removed from required science
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UNIFIED SCIENCE EDUCATION .

Unified science education, as it is perceived by contemporary
science educators active in its development and evolution, is a
highly desirable approach to teaching science for general education
purposes. Unified science instructional materials are organized
around'rhemes appropriate for viewing the scientific enterprise as a
unified wav of developing and using knowledge. Due to this frame of
reference, the approach either completely eliminates or dramatically
minimizes the boundaries that are associated with the traditional
disnlpline—or{gnted instructional structures.

Organizational themes that have been found to be especially
useful in unified science education are major science concepts, the
sclence process skills, natural phenomena, and problems, especially
ose of the science in society type. The major concepts and science
s skills that are most valueé"in unified science education
are those that are the most pervasive in the various science
disciplines. Typical of such major concepts would he cycle, equili-
brium, force, and field. Among examples of the science process skills
would be‘observ#ng, interpreting data, classifying, and inferring.
Numerous examples of such fundamental concepts and hasic process

. )
skills have been identified by Showalter et al. (1974).
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Lindsay (1970) has also provided examples of appropriate science

-

concepts and investigative skills.

"concept"

Some unified science developers operationally define
in a different manner. The unifying concepts of these curriculum

developers are closer to the conceptual scheme category of statement

such as those found in Theory into Action . . . in Science Curriculum

Development (National Science Teachers Association Curriculum Commit-
tee 1964). An example of this category of unifying concept would be
"changes in the structural organization are accompanied by changes

in energy." (Ward et al. 1969, p. 138). The reference Just cited
provides a description of a unified scienfe course designed around
five of these types of unifying concepts. ;

The learning activities within unified science units are drawn
from many different science disciplines, and in particular from
existing discipline-oriented instructional programs. Another emphasis
in unified science courses is to consistently provide a variety of
learning modes, many of which involve concrete experiences. An
enumeration of the characteristics of exemplary unified science
instructional materials has been developed by Showalter et al.

(1973).

Qentemporary statements of the rationale underlying the unified ’

acience approach have been rather widely published (e.g., Burkman

1972; Hurd 1973; Showalter 1975; and Cox 1980), with perhaps the most

_ comprehensive statement to date provided by Showalter (1978a), The

reader particﬁrly interested in the rationale underlying the
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unified science approach is directed to these references. Comment
here will be restricted to only brief references to some of the major
components of the rationale.

The pervasive central element of the arguments for using the
unified science approach is that this instructional organization has
a particular appropriateness for promoting the development of high
levels of scientific litergcy for general education purposes.

Another dominant theme is that the unified science approach provides
an organizatisnal structure that readily lends itself to enhancing
the locally relevancy of the science iﬁstruction, In addition, the
unified science approach provides the opportunity to easily incor-~
porate science--society interface topics such as energy production
and use or food additives into the science curriculum.

A significant contributor to the development of the unified
gcience approach has been the Federation for Unified Science Education
(FUSE). FUSE was founded by eight science educators active in unified
science curriculum development in 1966 (Federation for Unified Science
Education 1966). The organization has published t;o newsletters. The

Federation for Unified Science Education Bulletin was published from

1966 through 1971 and Prism Il from 1972 until 1976. FUSE organized
and sponsored frequent conferences, presented workshops, and served as

an information clearinghouse.

Funding from the National Science Foundation (NSF) enabled FUSE

to establish a national Center for Unified Science Education (CUSE)

in 1972. (Prism II 1972), CUSE was located at The Ohio State

y .
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University in Columbus, Qhib, through its funded lifetime. The
FUSE Center for Unified Science education is currently located at
Capital University i? Columbus, Ohio. .

The unified science approach appears now to he generally
accepted as a viable alternative to the more traditional 'science
progfams and courses thai have been used to address the science
education dimension of general education. This is evidenccd not
only bv the apparently increasing number of unified science programs
in schools throughout the nation, but by references to the approach
in the ljterature. The early references frequently refered to

unified science programs as "experimental" (American Association
g p

for the Advancement of Science 1969, p. 1) or "curriculum innovations"

(Troost 1968, p. 845). The more recent literature appears to take a
“state of the art” point of view (e.g., National Association of
Secondary School Principals 1972; Fiasca 1975; and McNeil 1981).
McNeil (1981, pp. 61-63) has identified ingegrated studies, citing
the unified science approach as an example, as ?ne of three current

trends in the academic subject curriculum.

Unified Science Courses and Programs

~
The approach to science teaching known as unified science

education established its American roots in the late 1950's. The
/\\

first clearly recognizahle effort to create a complete high school

level unified science program occured at The Ohio State University

School, beginning in 1959 (Showalter 1964), This four«yeaz program

>k
o
(o
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also served as the focus for two of the earliest formal studies of
the effects of unified science instruction on students. Slesnick
(1967) examined the comparative effectiveness of unified science
igstruction and contemporary “traditional' science instruction

in enabling students to achieve a “rational image of the universe,"

Slesnick concluded: with qualifications, that the un\fiéd science
students had in fact developed a more "inclusive' rational image of
the universe. Richardson and Showalter (1967) investigated the
possible long term effects of Ligh school unified scieqce experiences
on interest in science, scientific literacy, and preparation for
college science. Findings indicated a general and consistent )
favorability, although not always significant at the stated minimum
level, for the unified science students.

As had been the case for The Ohio State University School, thg
unified science materials developed by local school groups have for
the most part been those to report the most positive responses in the
classroom. This local development, pérhaps more accurately described
as eclectic unit assembly, enables the materials to address directly
the science education goals, objectives, and needs of the local
community while taking into account the nature of the learners and
the unique operational constraints (e.g., length of class periods,

-

Id ~
facilities, equipment, staff qualifications) ahd Yyesources (e.g.,

nearby natural phenomena, staff strengths, community business and -

\
']
industry) of the educational setting. In summary,/locally designed

and assembled unified science instructional materials are personalized
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and customized for the target staff, students, and community,

Integrated science

Much of the early activity in the high school level unified
science education arena consisted of the development and implementa-
tion of what are now referred to as integrated science courses.

These courses and programs, for the most part, restructured into
multiple-year sequences the typical contensfafrziisting chemistry,
physics, and biology‘courses. The most obvious advantages of such
arrangements were elimination of unnecessary redundancy, logical

. content development, and operational validation of }he interrelated-
ness of the incorporated science disciplines. A rather comprehensive
rationale for course development of this type has been articulated by
Fiasca (1970).

Among these early integrated science courses were two-year
physics-chemistry sequences developed in Portland, Oregon (Fiasca
1969), Millburn, New Jersey (Blessing 1969), and Newark, New Jersey
(Lerner 1964). A two-year physics-chemistry-biology program was
developed in St. Louis, Missouri (Bixby 1969). The science staff at
Monona Grove High School, Wisconsin, develoﬁed and implemented a
four-year integrated program (Pfeiffer 1969). The two-year sequences
developed in Portland, Oregon, and Millburn, New Jersey, soon evolved

into three-year integrated chemistry-physics-biology programs

(Cox 1975; and Blessing 1969).




393
Several of the early projécts developed materials that were in
the interface between integrated and unified science. Among these
~
were a one-year ninth-grade course in Cupertino, California
(Montag 1965), a two-year program at the University of Chicago

Laboratory School (Klopfer 1966), and junior high school programs in

Michigan (VanDeventer 1968) and Florida (Bethune 1969),

Unified science

The locally developed unifiedﬁscience programs of the 1970's
displayed the pervasive diversity that has become a trademark of the
approach. This program diversity is a reflection of the wide variety
of perceived science'education goais, valued instructional str3ategies,
and unique educational resocurces and constraints that exist in
secondary schools throughout the nation. The most clearly emerging
trends during the decade of the 70's were the increased number of
course development projects at grades nine and ten, many of which
have highest emphasis on developmen? of the science process skills,
and the movement towards some form of semi-individualized instruction.
Exemplars of the diversity within unified science programs span the
nation and encompass schools of a wide variety of types.

The lqwer form of the Matteo Ricci College Unified Science pro-

gram in Seattle, Washington, is a three-year program for grades 9-11.

The first year of the sequence uses the instructional materials de-

veloped for the initial yea¥ of the Portland Project course. Years

two and three are locally developed materials of the modular unit

type. The modular unit format (Center for Unified Science
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Science Education 1975) is a semi—i;dividualized format.

Towards Humanization and Individualization of Science (THIS) is
a three-year individualized unif;ed science program designed for use
in g;ades 10 throygh 12, It was developed at Moline, Illinois,
Senior High School, btt has been used At a number of different
schogls (ﬁushman and boar 1976), The instructional materials consist
of approximately 250 modules, each one of which consists of rationale,
objectivegﬁ sample evaluation, commentary, learning act\?xies, and
a list of resources, A great variety of module mix and match
possibilities exist, since there 1is no designated sequence.

The first year of science at Rex Putnam High School in Milwaukie,

Oregon, is a unified science course whose instructignal implementation

v

is somewhat traditional. It features a science procgss skill
orientation with a high percentage of student directed hands on
activity, which encompasses about 85 percent of the classroom time,
The coursé consists of 12 locally developed units averaging 3 weeks
each. The student materials are bound in three-ring binders to form
the student "text." This course is the unified science course
included in'this study. A detailed description of the course and the
mechanics of its development has been prepared by Cox (1979).

A kindergarten through 8rade 12 unified science program was
implemented in approximately one hundred schoolg\in Anne Arundel
County, Maryland (Fertitta 1975). The program is elf-paced until

about age 15, where semester length high school coyrses become

available.
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The science staff at P,K. Yonge Laboratory School at the
University of Florida have developed a three-year Correlated Science
Program (Gadsden et al. 1975)‘for the high school years, This self-
paced unified science program is built around six major concepts
(e.g., equilibrium, models).‘ In addition, P,K. Yonge offers a one-
yea; Aviology course, which uses the phenomenon of flight as its
unifying theme for the study of science.

The Unified Science Education for Rocﬁester, New York, program
consists of three 10-unit courses for use in grades 9 through 11.
These mgzular unit materials were developed cooperatively by the
Rochester City School District and thé‘Diocese of Rochester,
starting in 1976. I(City School District of Rochester 1977).

Not all high school level unified science curriculum development
has been restricted to a single schbol or school district. Two
larger scale projects have also undertgken the task, The Educational
Research Council of America (ERCA) Sciencf ngprtment developed a
unified science program consisting.of ﬂﬁﬁg;r of flexible format
units designed for use in secondary school science, The largest
unified science project to date, however, is the Individualized

Science Instructional System (ISIS) undertaking. ISIS is anchored

around a number of minicourses (e.g., Heart Attack, Household Energy,

Buying and Selling), each of which requires about three weeks of

class time. These commercially produced materials are promoted and
A

used nationally.
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Sample One Clackamas Nj,n‘th—‘Grade Physical Science SPE¥‘Pretest/Posttest T-Tests.
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& Sample One Clackamas Tenth-Grade Biology SPCT Pritest:/Post:t:est T-Tests
VARIABLE  NUMBER STANOARD STANDARD S(DIFFERENCE) STANDARD STANDARD o 1.
OF CASES MEAN  DEVIATION ERROR ¢ MEAN DEVIATION ERROR & VALUE
PPROCOMP POSTTEST SPCT SCORE - : . .
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132 ¢ s 1.7879 2.831 0e2606 % To20%
: 10,1494 3.133 0.213 ¢ L .
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Sample One Clackamas Tenth-Grade Physical Science SPCT Prétest/Posttest T-Tests '
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) Sample One Milwaukie Ninth—-drade Integrated Science SPCT Pretest/Posttest T-Tests '
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VARIABLE  -“NUMDLR STANOARD i’ STANDARO ®{OIFFLRENCE) STANDARD “STANDARD o 1
-~ OF CASES MEAN  OEVIATIUN, &RROR . MEAN  OEVIATION ERROR ®  VALUE
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' Sample One Rex'Putnam Ninth-Grade Unified Science SPCT Pretest/Posttest T~Tests
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“ERIC | - T,

g ' - ‘ . ‘



. - e TABLE 23

Sample One Rex Putnam Tenth-Grade Unified Scignce SPCT Pretest/Posttest T-Tests :
‘ N — -
| - VARIABLE  NUMBER N STANDARO  STANDARO ocovseueucs) STANDARO STANDARD ¢ ¥ !
OF CASES MEAN  DEVIAT4ON ERRUR  ® MEAN  OEVIATION ERROK ©® VALULE
PPROCOMP POSTTEST SPCT SCORE . . .
12.1897 3.369 0,262 .
163 o | 2.509) 3.342 0,260 & 9.5
' ’.0006 300.} 0.240 L [ ] — *
PROCOMP  PRETEST SPCY SCORE ¢ . . .
= K
PICLASS . .
: 2.4485 . Q.978 0,076 * . .-
. 165 . e | 0.6%9 1.252 0,097 ¢ 7.09
. 1.7576 ° 1.025 0.080 . ‘ .
- CLASSIFY . . .
PIOBSY [ ]
R 2.2840 0.936 0.073 - .
165 . 0.4483 1.232 0.0% o 4,00t T
; 1.0364 0.958 0,075 o ! . . :
OBSERVE . * | . :
. PTINTERP . . . e
2.6061 0.992 0,077 ¢ .
163 , o | 042970 }.zu 0.100 ¢ 2.97*
2,3091 1,063 0,083 o | . .
INTER? N o | e
PYVAR . . .
’ 1.9030 1,031 0.080 .
. 168 . ' o 0.3636 1,200, 0,09 ¢ 3.0
1.5394 d.9ss 0.077 . .
‘e VAI!A.L! - [ ] [ ]
' PTNOOEL ’ . A .
‘ . le1836 0.913 0.071 0} . .
. 165 o 0.3939 1.108 0.092 ¢ 42em
' 0.7697 0.495 0.05¢ o . .
NODEL c . o, .
“PINEASR : o .
i . > - 247036 -- --0.%4% - - 0.074 i T
P : 16540 . 0.3152 0.968 DTS ¢ s e
1e46485 0,978 0.076 ] [ ]
- MEASURE . . .
* <005 -

" pg 001
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" effect size.of 0.90 by the Clackamas tenth-grade Physical Science

o 116
Effect Sizes
In.order te more fuliy assess the educational significance of
the SPCT pretest/posttest gains of the groups in Sample One, effect.
sizes’ar "dekeas" (A) vere calculated. The A's were calculated by
dividing eaéh group's unadjusted mean gain by its posttest me;n

standard deviation. The 'resulting A values are found in table 24.

Two of the three largest effect sizes were assodiated with

tenth~grade groups, which is consistent with earlier findings

indicating generally greater gains by tenEh—grade students. The
four largest effect sizes were found in two types of science—-

1

physical science and unified sciencer §
The'entire battery of effect sizes are generally favorable

in’ magnitude when compared to thn/e reported in the litérature.

The effect sizes for the two Clackamas Physical Science groups, two

Rex Putnam Unified Sciente groupe, and Clackamas tenth-grade ®iology

group are all larger than the mean effect sizes reported in several

meta-analysis studies (El-Nemr 1979; Wise and Okey 1981; Sweitzer

1982). . | .

~

. Since groups wigﬂ‘highe; pretest scores are put someyhat at a
disadvantage (e.g., less opportunity for'large]mean gains) by the
method.of effect size Ebgputation selected by the investigator, the
rather large effeef sizes of the Rex Putnam ni&th—grade Qnified
Science group and Clackamas ninth-grade Physical Scieﬁce‘group are

espeeially~n9teworthy. Also worth noting is the Sample One high

4




e

group. The largest effect si;e achieved by any of the large groups -
> - o . . . -
(e.g., more than 100 students) was the 0.74 of the.Rex Putnam

tenth~grade Unified Science.

»

TABLE 24 N
, SAMPLE ONE GROUP EFFECT SIZES BY scaboL, '

— , GRADE LEVEL, AND TYPE OF SCIENCE

4 Group ' . N A .

* Clackamas 9 Physical Sci. 64 0.82 J
. Clackamas 10 Biolbgy 4 132 0.51 ° . [

o Clackamas 10 Physical Sci. 37 ;0.90

Milwaukie 9 Biology ‘ 135 0.37 ,~ -

- Milwaukie 9 Earth & Space Sci. 73 | 0.37 .
; N

Milwaukie 9 Integrated Sci. 22 0.27

. Rex Pﬁtnam 9 Unified Sci. 63 0.68 . L
i Rex Putnam 10 Unified Sci. 165 0.74

~
/

. Reading Achievement and the SPCT
An examination of the correlations between the lowest reading
- level SPCT items (2, 5, b, and 14) and highest reading level SPCT ‘

items (1, 11, 12, 16, and 20) ané the CAT reading aéhievement scqres

-

- showed that read?n achievement was a factor, but not to the degree
. . ~ . N )

that it prohibited students with lower achievement levels from
responding correctly, especially on the loyer reading level items,

Yy - M 3
. ’
- - .
Lo

4 ¢
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A
Additional analysis would be required in order to determine if

there was a reading achiévement "ceiling effect" for sfudents with

{

lower reading achievement levels.

-
3

Summary and;possible educational .
significance ’

All groups showed a statistically significant gain at p <.05

. . : . .
| on the overall pretest/posttest,SPCT scores. The groups had

effect sizes ranging fron 0.27 to0.0.90. These findings are ’
educationally significant, sincevthey indicate that the district's

‘science process skill goal is being addressed to some degree by all
‘ of the first-level science courses in the high schools.

13

However, there are some ‘possible type of science and school

differences worthy’of further discussion. The Physical Science

L

and Unified Science cotirses had efféct sizes at least 33 percent
- 'greater than those in any of the groups representing other types of
science. The effect sizes of the three groups from Milwaukie High

School were the three- lowest effect sizes. However, these two
&>

potentially significant differences are confounded by such student

variables as grade level, age; sex, and basic skill achievement

—

level} as well as'teacher'variablesr The findings concerning some

“; ofathese-potentially important‘differences will be- found later in .
| this_chapter. ‘

‘o No SPCT Subtest had significant (p < .05) pretest/posttest gains

* by all groups, and only the Interpreting Data, Measnring;land
AClas%ifying Subtests had significant (p < .05) gains by six or

' L
R

‘ %

R L y
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more of the eight groups. It should be noted that this is

probably not due t% a "ceiling efkect"'imposed by high pretest

scores. The only groups showing significant (p 35.05) gains on
{
~ . ,l ¢ “
all Subtests were the Rex Putnam ninth- and tenth-grade Unified

Science groups.

\J L

Regression Analysis of SPCT Posttest Variance
by Total Sample and Grade Level *

Independént variables iﬁportaﬁt in account;ng for Sample Onek
é;hT posttest variance were ideniified by a two-step process.
Initially, Peafson product-moment correlation coefficient matr%ces .
were generated for eacﬁ group included in Sample One. ?ll measured
variables were included in each\matrix: Those variables that had a
pattern of signjficant (f 55.05) correlations with the SPCT
posttest scores, éPCTfpoSttest Subtest scores, and/or each other and '
had meaning in the context of the.study, were ident}ffed. Fhese‘
variables Were Fhén subjected to multiple regressio£ on tﬁe total
SPCT posttest scores fo¥ Sample Oné and then the SPCT posttest .
scores for thg students in each grade level conhained,within Sample
One. ) . 3 , |

As a gener£1 rule, the regression equations selected for
. > 4

v

analysis and piesentation were those that contained all variables

accounting for approximately two peﬁcent or more of the, variance.




Sample One

Table 25 presents the results of the multiple regression
analysiswor all Sample One student SPCT posttest scoggs. There
were 15 independent variables entered into the multiple regression
procedure. The regression/equation contained four significant
(p <:.00i) predictor variables that collectively accounted for
53.00 percent of the variance. The equation had an F-value of
186.94 with 4 and 663 degrees of freedom, which was significant at
p < 0.001. ! |

The most important predictor variable was mathematics
achievement, which accounted for 38.39 percent of the variance.
The, other three variables, in decreasing order of importance,
were the SPCT pretest, Milwaukie High School, and reading achieve-
ment. Milwaukie High School had a negative regression coefficient.

Removal of the strangest predictor variable, mathematics
achievement from the list of independent ‘variables and repetitién
of the multiple regression analysis produced an equation that
contained three predictor variables. Table 26mpresents the resnlts
of this multiple regression analysis. These three Variables
collectively accounted for 48.32 percent of the variance. The
equation hdad an F-value of 206.96 with 3 and 664 degrees of
| freedom, which vas. significant at p £ 0.001.

“Following the removal of mathematics achievement, the most

important.predictor variable was thehSPCT pretest. THe SPCT pretest

accounted for 37.33 percent of the variance. The other twdb variables
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were reading achievement and Milwaukie High School, which accounted
for 6,50 and 4.50 percent of the variance, respectively, Milwaukie
High School again hﬁd a negative ﬁegreSSion coefficient. p

Examination of the combined ﬁesults of the two multiple

L} » -

regression analyses of Sample One [and the simple correlations ) .o
provides some insight into the relationships among important /
independent vgriablés. "The two mdst imp&%tant predictor variables

are mathema;ics achievement and SECT pretest score. It is clear from

‘the simple correlations and the results of the gecoﬁé multiple - - o
regression analysis‘that mathematics gchievement and the SPCT . .
pretest have a high positive correlhtion with each other, ’ ‘ .

The entry of reading aphiev;ment into the second regression o .

e

equation and the simple correlations indicate that reading achieve-

ment had a high gositive correlation with mathematics achievement .
and the SPCT ﬁog;teét. Milwaukie High School's incre?sed importance ,
as a predictor'variable in the second regression equation ;eflects
its neg;tive correlatioé with other indepgpaent variableé that are -
iﬁcfeésing‘in importance aé predictor variables,

None of the different t&pes of first-level science courses
sentered éither regressién‘equatioét This indicates that the
c, achievement level in mathematics and entry level science process

skill knowledge, and to-a lesser degree level of ;eading(ach%szfmgny,

were more important variables in accounting for science process skill

»
¢ -

déﬁélopment during the year than was' the type of science experienced.

.
. . ‘),
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PUTHI -0,03006 =0.03776 0.74161

SUMMARY TAGLE

. VARIABLE " MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R 4

CATHATQ C.61961 0.38392 0.38392 0.61961. °
PROCCMP . C.o8828 0.47373 ‘0008982 0.61094
MILHI 0.71651 0.5132% 0.03966 =0.,32691

CATREAD ) Q:?Z&Ob 0e53004 0.01664 0.55537

, 122
, TABLE 25 '
Total Sample One Multiple Regression of R
15 Variables on SPCT Posttest Scores
¢ j MULTIPLE R 0.72804 '
. - SQUARE 0.53004
. ADJUSTED R SQUARE 0,52720
N STANDARD ERROR 2.57125 —
* ANALYSIS OF VARIANCE  DF  SUM DF -SQUARES  MEAN SQUARE F
KEGRESSION 4. €966.695T8  1241.67394  186.93625
RESIDUAL 663, 4403.79973 6064223
, - VARIABLES IN THE EQUATION ,
. " VARIABLE ‘s BETA STD ERRCR B ¢
DL CATHMATH 0.1382845 - 0.30579 0.01702 _ , .66.038 .
PROCOMP - 0.3111318 0028256 0.03880 644317
. MILHI - . ~1.687411 ~0.21023 0.21893 ,594406 .
- ! CATREAD 0.83379460~01  0.17764 0.01731 , 23.481
{CONSTANT) —2.873997 ' : .
. Y~ VARIASLES NDT'IN THE EQUATION
\ oot W—h .
VARIABLE BETA IN PARTIAL  TOLERANCE F
. ATLANG $01280 0201209 0.41975 0,097
w{\> £X 0.10583 0.15275 @ 0.97905 15.815
GE i, =0.06683° =0.05606 0.67351 2.087 .
TYPESCIl & -0,02782  -0.03860 0.90450 0.988
_ TYPESCI2 . 0.05406 0.06843 0.75321 . 3.115
. TYPESCI3 0.05471 0.07528 0.91356" = 3.874 -
. TYPESCIG ~0,04445  =0,05887 0.82439 2.302 .
GRADE9 0.01020 -  0.01066 0.51319 0.075
GRADE1O| ,  -0.01020 ~0.01066 0.51319 . 0.075 - '
CLACKHI . 003073 0.03820 0.72618 0.967
04945
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' TABLE 26
Total Sampie One.Multiple Regression of 14 Variables on SPCT

Posgttest Scores *dth

thematics Achievement Removed

123

£

NULTIPLE

0.69514

R SQUARE . 0e8323 /.
ADJUSTED R SQUARE  0.48089 //
STANDARD EFRROR 2.70052
h - .
ANALYSIS OF VARIANCE, F SUM OF SQUARES EAN SQUARE F
KEGRESSION 3. ©528.056 58 1509.35286  206.96404
RESIDUAL . Gbhe B 4B42:43693 7.29263
VARIASLE/S IN THE EQUATAON -
VARIABLE 3 BETA TD ERROR B F
PROCOMP 0.423879 0433495 0.03796 1244672
CATREAD 0.150526 V18T 0.01597 854806
MILKI ~1.74336 -0.21720 V622929 57.511
{CONSTANT)  0.9230008D~02 |
¥
VARIABLES NOT IN THE EQUATION
VARIASLE SETA IN |5 PARTIAL  TOLERANCE F
© CATLANG. 0.10311 | ' 0.09696  0.45698 6292
SEX 0.d3225 |, 0.11382 0.98959 8.702
AGE ., '=0.07759 | -o.oazza 04658337 s.321
TYPESCIL - =0.03713 | . -0.04816 0.90604 1.606
TYPESCI2 <. 0.02893 0.03519 0.760069 0.818
TYPESCI3 ' 0.04204 0.03651 . 0091619 . 26124
TYPESCI4 ~ =0.D0986 |  ~0.01250 0484155 * 04105
GRADE9 0.03954 0.03960 0.51817 14041
GRADE10 . ~0.03954| =0.03960 0651617 1.041
| CLACKHI -0401021] -0.01226 0.74531 04100
PUTHI . 0400892 0.01082 0.75966 0.078
. . /‘4
//' . ' | SUMMARY TABLE
/ VARTABLE MULTIPLE R R SQUARE RS CHANGE  SIMPLE R
P . ’ ,
/ raocoup-\ 0.61094  0.37325 037325 0461094
/ CATREAD - 0.66199  -0.438i3  0,06496 - 0455537
" 069516 0048323  0.04499  «0.32691

ShO i

it *
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Sample One ninth-grade studentaz™ .
Table 27 presents fhe results of a multiple regression analysis
the Sample One ninth-grade SPCT posttest scores, The regression
engtion contained %our'predig;or var;ables that collecpively
accounted for 61.57 percent of the variance, The F—Vglue for the (
equation was 133.77 with 4 and 334 degrees of fr;edom, vhich was

significant at p< 0.001.

The results were similar t

-

gjthose for thq total Sample One

analysis. The mOSttimportant.predictor variable was mathematics

14
achievement, which iaccounted for 47.55 percent\bf the variance.
. t ' 8
The other three variables, in decreasing order of importance, were |
. . : : |

SPCT pretest, Milwaukie High School, and sex. 0n1§ M%lwhukie High

School had a %ggptive regrefsion coefficient. The combination of

mathemat;cs acﬁievement and SPQT pretest was a stronger
(55.83 percent of éhé variance) for ninth—gfade students than for
Sample One as a whole (47.37 pefcent of the variance).

. The :emovél of the leading predicto;,wmathematics achiévement;
from the list of independent variablésuand repetition of the multipie
regression analysis resulted ?n a regression equation that contained
five predictor varigbles. Table 28 presents thg results of the
second mﬁltiple regression analysis. Ihe fiye ;arigbles collectively

‘accounted for 60.&3 percent of the variance. The F-value for the

equation was 100.01 with 5 and 333 degfees of freedom, which was -

significant at p < 0.001. : .
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fd for 4A 66 perceﬁt of the variance. Tﬁe other

. K3 )7. ;~ x . b

ariables, in decreasing order of impontance; were, .

. " v,

reading achievement Hilwaukie High §chool, 1anguage athievement,

o
' ‘f ’

and sex. This once again demonétrated.the high pOSitive~chre1anion

w4 v “g . .
s, . Cee s, F

between the SPCT pretest and mathematics achievement. Perhaps the . .u?: ) ~~;:Q
most interesting change, however,‘Was the entry of reading achieve— ‘;.;fﬁzﬁ_lﬂrﬁ$;4
ment and 1anguage achievement‘intc the‘equationi; Tiﬂs‘lends ;nppo;c j““ﬁ;; ¥L:f .
to the impertance of academic aehievement ine accbunting forngCT : H'%‘Vﬁ“ﬁ‘*.ii'jf;

o R ~ "“ R SR "' B :.}: 4.1

1posttest variance; Sex. remained in the second’ equatibn acdounting

o - .
‘.._ - ~
.

for about the same amount of Variance. Tsls indicates that the 733 A

sex vatiable was somewhat independent of academic achievement ' " "
« measures in accounting for posttest variance; The sex variable
might have been reflecting science background knowledge, since .
males at this age are freqnently favored in termslof science
achievement. As had been the case for the‘sample as a whole,
Milwaukie High School remained in both equations with a negative
regression coefficient and increasing strength as a predictor. . ‘
For ninth-grade students in Sample One, the majority of the

.SPCT posttest variance wdB accounted for by mathematics achievement i
and the SPCT pretest. None of the four different types of firstLb' o

level science that were'experienced:by ninth-grade students entered

either of the regression equations.

-
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R N R Tt . TABLE 27 - 1 -
- a;" v‘“ . - "." . e s 'A_ s 5 o N
* PR , s -~ .“_._"(' o e /‘ i
i N R ) sample Oite NinthvGrade Mult:l.?le Regression of
S o~ w R 1,3 Varig’bles on. SPCT Posttest Scores
‘: 9 . 4, .',_.A' ',1 .,:, ,‘?" 4 — LY 0
Ll e . % % 'MULTIPLE R 0.78465
e e T T O R SQUARE 0.61568
o TR e ADJUSTED R SQUARE  0.61108
T P T S STANDARD ERROR 248742
LR ' : ‘
ST Yoo LA -\
”::.’"’4. Syl N s oved st " = ¢ . )
B frer oD ANALYSIS OF VARIANCE OF  SUM OF SJQUARES  MEAN SQUAKE F
g I e REGRESS 10N . 4o 3310463590 82705598 133476793
g T e e, RESTOUAL . 334, 2065454994 6elo123
AT e ¥ ~ -
S S VARIABLES IN THE EQUATION
SER e VARIABLE N "BETA STD ERROR 8 F -
. . . . -~
e nte e CATMATH 0.1943456 0.43212 0.02060 88.973
me T PROCOMP 0.3278256 * 0.30012° ° - 0.05055 ©2.052
- - MILHI «~1.670270 - «~0.2023« 0.30055 30.885
_ SEX 1.102938 0.13785 0.27787 15.763
. o (CONSTANT) =2.136263 :
> ~mmem—=me—== VARI ABLES NOT IN THE EGUATION
[} hd -
E VARIABLE BETA IN PARTIAL  TULEKANCE - F
CATREAD:  , 0.15821 o,.xn:-./_s - 0.43vcl. 9,600
CATLANG 016006 . 0.lb002 Vendany - 9,674
AGE _=0.07324 =0.1129% Ve903%¢ 40562
. TYPESC!I =Je01 J36 -Je01 sue Nedluno 0.057
.FYPESCI2 0.05113 0407464 Ve82351 1.876
‘ \ . TYPESCI3 0.0wU62 « .0.0501Z Je59uv0 0. 839
\ TYPESCI4 ~U. 06824  =0.097%0 Ve70500 3,200
CLACKHI Oo Do Oui Q. 05012 Oed%uyo * 04839
! PUTHI =0.03960 . =0e.05L12 Geoldas 04339
, " SUMMARY TABLE :
. VARIABLE MULTIPLE R R SQUARE RSQ CHANGE  SIMPLE R .
‘. " CATHMATH 0.68958 0.47552  0.47552 0466958
PROCOMP . 0e74723 - 0455635 (1826 3 0e66830
£ MILHE 0.77299 0.59752  0.03917 ~Ue451 38
‘ SEX 0.78465  0.61563 ' 0.01316 . 0.18715
. ) -
‘ . -, . ,
-
' 4
: 1419
T, . "
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(' + TABLE 28
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Sample One Ninth-Grade Multiple Regression of - ) ..
*12 Variables on SPCT Posttest Scores with '

y Mathematics Achievement Removed o ; ¢
¢ ; “
: . NULTIPLE R 0.7 TT’
‘R_SQUARE 0.60027
ADJUSTED R SQUARE  0.5%27
. STANDARD ERROR 2.56062 .
wy
R ’ \ i
, ANALYSIS OF VARIANCE  DF _SUM OF SQUARES MEAN SQUARE ' F .
A \* REGRESSION, 5. 3227.76079  €45.55216  100.01227
ues&oun 333, 2149,42505 bbb al3 : ‘
VARIABLES IN THE EQUATION .
VARIABLE R BETA STO ERROR B F
PROCOMP 043594964 0432911  + 0.05122 | 49.262 .
CATREAD 0.88500790-01  0.13718 0.02704 10471
MILHI ~1.911880 ~0.23160. 0430466 39.383
CATLANG 001154060 0022560 002620 16,751
SEX 1.058196 0.13204 .. 0429269 13.071
(CONSTANT) "+=24493755
" emmememmme—ee YARIABLES NOT IN THE EQUATIUN . s
VAKIABLE ~ BETA IN PART AL TULZRANCE F :
I AGE -9000276 -JeF 013 De%37v0" 3.096 ‘ R
TYPESCIL 0400030 0eud Tt Veol goo 04020 - ®
TYPESCI2 JdeU3 Y46 005031 Vebd 200 1.075 )
TYPESCI3 0.02261 0462753 o545 0e2¢6
. TYPESCIA ~0.05%0¢ . Ve tb33L5 Oe70b5l0 L 2e3iw .
CLACKHI 0402261 002733 0ubyan> 0268
PUTHI =0.02200  =0.9i 753 Se6l7ub 0246
-y i , } \ N
, SUMMARY TABLE / *
VARIABLE . MULTIPLE R R SQUARE RSC CHANGE  SIMPLE R - . E
- PROCOMP 0.66830  0.44663m 044663 0.66830
. CATREAO - 0.72363  0.523 0607729 . ©e6357%" -
' RILHI | 075655 0457257 :0.04u4é  ~0.45138
¥ CATLANG o 0a76458 0056658 0001221 ,  0.58477
SEX 0sT74TT  0.60027  0.01569 ve18715
3 ” \ - a
- \ M
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Sample One tenthfgrsde‘students

-

Table 29 presents the results of the mulgiple regfessiOn

’

. analysis of Sample One ténth-grade SPCY, scoxés. The regression )

equation contained three predictor variables that collectively

’

accounted for 40.42 percent of the variance. The F-value for the .
. .

equation was 73.58 with 3 and 325 degfees of freedom; which was

L

significant at p < 0.001.
The most important predictor vgriable was mathematics:
achievement, which accounted for 30.53 percent of the SPCT posttest

variance. The other‘!&e variables were SPCT pretest and reading ~

achievenment, which accounted for 7.83 and 2.06 percent of the

\

variance, respectively.

The multipke regression analysis for Sample One tenth—grade

1%
students proguded the.same pair of highest predictor viriables as

had been the case in edrlier regressions on the sample as a whole
and on ninth=xgrade students. The’absence of Milwaukie High School

\as an eqnation variable is readily explained by the fact that

Milwaukie had no téenth-gradé students in Sample One,

Y

Summary o
The best pair of SPCT posttest predictor varisbles for the
semple as a whole and eéch.of the grade levels included in it‘was\

mathematics achievement and SPCT pretest. Matheﬁatics achievement

was a slightly more effectiveﬁziedictor than SPCT pretest. The
1

tiple regressioh analyses indicated

*
. . !

simple correlations and the m
. -,
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that' fheée two va;iables had a high positive correlation to each
other as well as to‘the‘SéCT posttest.

?he SPCT posttest var;ance appeared to be largely qccounged
' for by measures of academic achievement, especially in the areas of
mathematics and reading. This was particularly true at the ninth-
'grade level, where it was possiyle to account for more thanm 50
percent of the variance with either the SPCT pretest and mathematics .
achievement o£ the’SPCT -pretest and reading achievement. The ;
;egression resulés guggest that science process skill performance
ievel‘is enhanced by the possessioﬁ of high levels of mathematics

and reading achievement. ‘ ,E; . T

-

’ W A v
Sex appeared to be a somewhat important variable, operating most
strongly at the ninth-grade level. This suggests that whéte@er sex

. . ©
. was reflecting was not as important in the tenth-grade portion of

' .

Sample One.

Milwaukie High School's consistent presence in the regression
. _ N
equations ‘When it was on the independent variables list and its

I'e
constant negative regression coefficient indicate that it had

negative correlations with the more important independentlvafiables

and the SPCT bosttest. These relationships are discussed later in

this chapter in the section devoted to analysis of the SPCT‘ﬁosttest
. ‘ ' t

variance by school.

L]

*
*
i
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TABLE 29

Sample One Tenth-Grade Multiple Regiession of
- 11 Variables' on SPCT Posttest Scores

L

MULTIPLE R 0.63579

-

) R S5QUARE 0e40423
! ADJUSTED R SQUARE  0.,39873
STANDARD ERROR 2.66623
ANALYSIS OF VARIANCE DF . SUM OF SQUARES MEAN SQUARE ~ F .
REGRESSION 3. 1567.58790 522.52930 . T73.50465
RESIDUAL 32s. 2310.35739 7.10879 <o

VARIABLES IN THt EQUATION

. VARIABLE "B 8ETA STD ERROR 8 F
CATHMATH 0.1371162 0430601 0.02455 31.205
PROCOMP - 043077743 0.28000 0.05800 284156
CATREAD 0.83859700-01 0417569 0.02501 11.242

({CONSTANT)  =2,796927

. = VARIABLES NOT IN THE EQUATION r

VARIABLE BETA IN - PARTIAL  TOLERANCE F

CATLANG ~0.02658 =0.02390 0.43168 " 0165
SEX ° 0.08517 0.10880 0.97228 348561
AGE . =0.03396 ~0.04373 *° 0.98806 0.621
TYPESCIL «0.02875  =0.03061 0e95627 Ueh35

—* ; TYPESCI3 0.09242° 0.11701 0.95491 €497 .

TYPESCle =0.02978 ~— =003 735 0,937« . Detb3
CLACKHI '~ 0.02978 0.03735 0.93714 - 04453
PUTHI «0.02910 =0.03 660 0,94238 ° 0e434

o SUMMARY TABLE

VARIABLE MULTIPLE K R SQUARE RSQ CHANGE SIMPLE K

3 CATMATH 0455256 0430532 030532 0.55256
. PROCOMP . 0e61937  0.38362  0.07830 0.53109

CATREAD .0e83579  0.40423  0.02061 0,4¥357

+
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School Differences in Academic Achievement AN

The importance of academic achievemént level, eépécially in the

areas of mathematics and reading, to science, process skill knowledge

L o .
became apparent as a result of the examination of correlation

‘coefficients and the completion of the multiple regression analyses.

It was th?rsforé appropriéte to identify any ;cﬁsol differences in
student achievémegt 1e§é1; one-way analys;s of variance (ANOVA) was
the prbcedurg u;eﬁ:tp test for differggces.: 4
All possible pa;riﬁgs of tﬁe three 9ch;ols were subjected to
one~-way ANOVA fo; CAT reading scores. fhe results are found in
éable 30. The ANOVA pfoéedure indiéated Stéiié:ically significant
(p .053) differences. Rex Putnam students had significantly higher

scores than students at both Clackamas and Milwaukie. .No

significant (p :; 05) difference was found betWeen the scores of

— »

.+ €lacdkamas and Milwaukie students. ., . . ‘ , o
CAT language « .

All POSSibie pair;ngs of tﬂe three schools were subjécted to
jone-way.ANdVA for CAT'language scores; The results are found in
table 31. The ANOVA‘pr§cedure gevedied 6niy oﬁe stafisticaily
significant (p=.017) difference; Rex Putnéﬁ students had

, . ~—
significantly higher scores than Milwaukie students. '3




s

¥

CAT mathematics

All possible pairings of the three schools were subjectea to -
one~way ANOVA for CAT matﬁematics\scorgs. The results are found
in table 32. The ANOVA procedure indiqateg that Rex'Puknam students
had significantly (p £ .001) hi/gher scores than Clackamas and

Milwaukie students.

Summagi

Rex Putnggqgigh‘§phgp;w§594eé§svwere found to have had signifi-
cantly (p <.033) higher CAT mathematics and reading scores than
their counterparts at Clackamas and Milwaukie High Schools. 1In the
CAT language sbore;, Rex Putnam students were found to ﬁave had
significantly (p=.017) higher scores than stﬁdents at Milwaukie.

The reader is reminded that the CAT scores used for analysis were

eighth-grade scores.



TABLE 30 °

-\

Total Sample One Analysis of Variance of
Student CAT Reading Scores by School

CLACKAMAS VS MILWAUKIE

SUM OF

SOURCE OF VARIATION SQUARES
MAIN EFFECTS 64,627
10 . 644627
EXPLAINED 644629
RESIDUAL , 28334.387

TOTAL ‘ . 28399.016

MILAWAUKIE VS PUTNAM

SUM OF

SOURCE OF VARIATION SQUARES
MAIN EFFECTS 563,651
10 563.651
EXPLAINED 5634652
RESIDUAL 28891.148
_TOTAL © 26454.8CY

CLACKAMAS VS -PUTNAM

w

. : SUM CF

MEAN

DF  SQUARE

1 66.627

1 64.627

1 64.629

443  63.960

444 _HPT962
»

MEAN

DF  SQUARE

1 562,651

1 563.651

1 563.652

435 66.416

.
‘436 67:557

SIGNIF

F OF F

1010 0.315
1.010 0.315

1.010 0.315

SIGNIF
F OF F

84487 0.004
'8.487 0.004

8.487 0.004

SIGNIF

- MEAN
SOURCE OF VARIATION SQUARES| DF SQUARE F . OF F
MAIN EFFECTS 25B.421| 1 2584421 4.554 0.033

0 . u,igsa.4z; 1 258.421 4.554 0.033
EXPLAINED 258,422 1|258:422 4.55% 0.033
RESIDUAL . 25650.328 452 56.749.

' TOTAL | 25508.750 453 57.194
: B ’ I[
/ 156
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Total Sample One Analysis of Variance of
Student CAT Language Scores by School

—

‘TABLE 31

134

’

CLACKAMAS VS MILWAUKIE

- SUM OF
SOURCE OF VARIATION SQUARES DF
MAIN EFFECTS 64,688 1

ID 64,688 1
EXPLAINED - - 64.691| 1
"RESIDUAL 25552.254 | 443
TOTAL 25616 .945 444

MILWAUKIE VS PUTNAM

SUM OF

SOURCE OF VARIATION SQUARES
MAIN EFFECTS 13340560
iD 3344560
EXPLASNED 334,563 -
RESIDUAL 25577754
TOTAL 25912316
CLACKAMAS VS PUTNAM
e SUM OF
SOURCE OF VARIATION SQUARES
MAIN EFFECTS 110565
1D 110.585
EXPLAINED 110.586
RESIDUAL 21503.055
TOTAL 22013.641

s

DF

435

436

»

OF

1
1
1

452

453

MEAN
* SQUARE

64.688
64.688

64.691
57.680
57.696

MEAN
SQUARE

334.560
3344560

3344543
58,799

59.432

MEAN
SQUARE

110.585

110.585

1105586
48,458

. 48.595

1.122 0.290

SIGNIF

F OF F

'1.122 0,290
1.122 0.290

SIGNIF
F OF F
5.690 0.017
5.690 0.017

5.650 0.017

SEGNIF
F OF F
2.282 0.132
2.282 0.132

2.282° 0.132

———
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i e ) ‘ . . !. ’ . : ’
© TABLE 32 L |
| Tot;al.Sémple One Analysis of Variance of -
Student. CAT Mathematics Scores by School
CLACKAMAS vs MILWAUKIE
| | SUM OF MEAN SIGNIF
SOURCE OF VARIATION SQUARES / DF &SQUARE  F OF F
MAIN EFFECTS 83.035 1 83.035 1.252 0.264 .
10 83.035 1 83.035 1.252 0.264
" EXPLAINED \ 83.035 1 83.035 1.252 0.264
RESIDUAL '29379.609 443 66.320
TOTAL 294624645 444 664357
MILWAUKIE VS PUTNAM
< * SUM CF MEAN SIGNIF
SOURCE OF VARIATION SQUARES DF‘ SQUARE F .OF F
MAIN EFFECTS . 1717.528 1 1717.528 24.090 0.000
10 '  1717,528 1 1717528 24.050, 04000
EXPLAINED 1717,531 1 1717.531 24,090 0.000
. RESIDUAL 31013.626 435 71.296
' TOTAL . 32731.160 436 75,071
CLACKAMAS VS PUTNAM y
AW ta
SUM OF ¢ MEAN SIGNIF
SOURCE OF VARIATION SQUARES DF SQUARE  F OF F
MAIN EFFECTS .+ 1091.280 1 1091.280 17.649 0.000
EXPLAINED ' 1091.281° 1 1091281 17.649 0.000 ‘ -
RESIOUAL 21943.1ul:.sz} 61.833

__YOTAL - 29039.992 453 - 64.106

v1S8
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Regression Analysis of SPCT Postéést noe
Variance by School f{hh

Similariﬁaes.and d;fferences in the Vhys in which SPCT posttest
variance were accounted for within individual schools were assessed l

by means of multiple regression analysis. The list of independent

///.
/7/

variables entered into the regression vas the same as for earlier

Y regressions of the total Sample One student SPCT pdsttest scores,
being modified only to the extent that {g}ﬁg rendered appropriate ///
for each participatiG? school. The regression equations selecé
for presentation and dis&ussion were the lones that included al
independept variables accountiné for approximately two éercént or

13

more of the variance. ‘ -

Clackamas High School V)

Table 33 pfesents the results of the multiple regression .
analysis of Sample One Clackaéas High School student SPCT posttest
scsreé. The regression equatioh contained two predictor variables
thééﬁtogether accounted fof 48.12 percent of the Yariance.. The ‘ .
F-value for the equation wés 105.74 with 2 and 228\degrees of
frc/aedom:, which was significant, at p < 0.001. .
The most important predictor variable was mathematics
_achiévement, which accounted for 42.12 percent of .the variance; the

SPCT pretest éccounted for 6.00 percent of tﬁe:variance.

Removal of the SPCT pretest from the list of independent
. . '
variables and repetition of the multiple regression procedure

resulted in an equation containing three predictor variables that
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collectively accounted or/46;32 percent of the variance. The

results of the seco4§' Lgression analysis of the Sample One -
i >

Clackamas High Schaﬁl tuéent SPCT Qosttest scores are found in

h id
|

table 34. The F-v lu¢ for the equation was 65.29 with 3 and‘?27

de%r‘ 5/61/‘. freedom, which was-significant at p: < 0.001.

-

n/ f //Mathémétics Jch evement remained the ?;}yary predictor
. ] | :

! F;

! i
ngri ble, Qccounténg for 42.12 percent of the variance. The ather
I o .
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TABLE 33

. Sampie One Clackamas High School Multiple Regressgion of
' Ten Variables on Studént SPCT Posttest Scorgs T

1

-~ L] - -
MULTIPLE R 0.69370
. : ' R SQUARE 0.4Bl22
‘ . 'ADJUSTED R SQUARE 0.4 7666
« STANDARD ERROR 2451700
T ANALYSIS OF VARIANCE - DF SUM OF SQUARES MEAN SQUARE F
* REGRESSION 2. 1339.84602 669.92301  105.74448
RESIOUAL 228. 1ot 4835 6.33530
VARIABLES IN THE EQUATION
JVARIABLE . 8 . BETA STD ERROR . F
' CATMATH D.2159307 0046940 0.02721 624993
PROCOMP 063249707 030377 0.06327 264381

(CONSTANT) =2.573810

’

v

v

VARIABLES NOT IN THE EQUATION

f VARIABLE 8ETA IN PART AL TOLERANCE F

X : CATREAD 0. 14686 0.14 450 0.50506 “.869

CATLANG 0.06244  0.06124 0.49%0) - 0654

‘ SEX " 0.08556° 0.11 765 0.93078 3.180

0 AGE © . =0401367  -0.01436 0.93623 0.077

"TYPESCIL ~0.08608  ~0.11872 0.98068 3.265
, , TYPESCI3 . p  0.06608 0.11872 0.980060 3e245 _
! GRADES 0.01363 0.01 819 0.92293 0.075 '

N . GRADE10 “0.01363  =0.01619 0.92293 0.075

- 4

»
SUMMARY TABLE
) VARIABLE MULTIPLE/R R SQUARE RSQ CHANGE  SIMPLE R

CATMATH . 0064899  0.42119  0.42119 064899
PROCOMP 0469370  0.43122  0.06003 °  0.58128 ‘
{ s ’ ’
t T,
’ e

.
- .
- < . , . 3 > . N
v .
e ' N . I 7 > i
- ‘ . ' .




TABLE 34

Sample One Clackamas High School Multiple Regression of
Nine Variables on Student SPCT Posttest Scores
with Pretest Removed

MULTIPLE R ) 0.68059
R SQUARE 0.46320
ADJUSTED R SQUARE  0.45611
STANDARD ERRGR 2.56597

—

ANALYSIS GF VARIANCE OF SUM OF SQUARES  MEAN SQUARE F
REGRESSION 3. 1289.638595 429.89532 65.29218
RESIDUAL 227. .16494.60842 6.58418

.

VARIABLES IN THE EQUATION

VARIABLE 8 BETA STD ERRGR B

CATMATH 0.2306413 0.50138 0.03033
CATREAD 0.1096567 0.23278 0.03108
SEX 0.8352231 0.12026 0.33915
[CONSTANT) ' -6.407761

=
x

em——emwme———- VARIABLES NOT IN THE EQUATION

 VARIABLE BETA IN PARTIAL  TOLERANCE
CATLANG 0.08634 0.07439 0.39852

AGE ’ -0.00276  =0.00365 0.93386
TYPESCIL -0.04146  =0.05599 0.97905
TYPESCI3 0.064146 005599 0.97905
GRADE9 -0.03055 -0.03980 0.91104

GRADE10 0.03055 0.03980 0.91104

. SUMMARY TABLE
VARIABLE MULTIPLE R R SQUARE RSQ CHANGE  SIMPLE R
CATMATH 0.64855  0.42119 ~ 0.42119 0.64899

CATREAD 0.66997 0.448E6 0.02767 . 0.56081
SEX 0.68059 0.46320 . 001434 0.06036




v »
~ . .

Milwaukie High School o .

‘ Table 35 presents ﬁ?@ results of the ﬁultiplg regression
analysis of,Sample One Milwaukie high School student SPCT posttest
scores. The regression qquatioﬁ~contained four predictor variables
that collectively accounted'for 56.79 percent of the(variance.

The F-value for the equation was 68.67 with 4 and 209 degrees of
freedom, which was significaﬁt at p < 0,001.
The most important predictor Variable was mathematics achieve-

.

ment, which accognted for 42.95 percent of the variance.: The other
predictor variagles, in &écreasing order of importance, were SPCT
pretestt language achievement, and sex. . Males ha%/significantly
higher SPCT scores than females. The reader is reminded tﬁ!; all
Milwaukie High Schqgl students in éample One are ninth-grade

students.

e

Removal of the SPCT pretest from the list of indgpendent
variables and repetition of the multiple regression procedure
produced a new set of foyr variables that collectively accounted
for 51.95 percent of the varianEe. The results of this second
regression analysis of Sample One Milwaukie High School student SPCT
posttest scores are foudd in table 36. The Ffvalue"for‘the
equation was 56.49 with 4 and 209 degrees of‘freedom, which was
significant at p < 0.001.

N

Mathematics achievement remained the most important predictor

variéble, accounting for 42,95 percent of the variance. The other

three predictor variables, in decreasing order of importance, were

~

S
c3 \
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reading achievement,‘sex, and Integrated Scienée.' The entry of

Integrated Science into the equation w;s meaningful, even though A h-ii
it accounted for only 1.65 percent of the variance. This was the -
first instance in the analysis of Sample One data where any type ~
of science enterea a regression equation. Integrated Science
had‘a pegative }egression\coefficient, and iks entry. into the

equation with removal of the SPCT pretest was a reflection of the

. z - s |
very low pretest and posttest scores of the Integrated Science |
7 ~ . |
students at Milwaukie HY¥gh School. : ’ |
1
e .
~
[
N 14
. 4
,‘
- |
|
\
i he LS ’ ;
: |
.
|
|
\
~ ) ~i
|
v
¢
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. TABLE 35
’ Sample One Milwaukie High School Multiple Regression of
Nine Variables on Student SPCT Posttest Scores .,
= MULTIPLE R . 0.75359
' . R SQUARE 0.56790
. ADJUSTED R SQUARE  0.55963
. - STANDARD ERROR 2.43912
. > ‘ 'I ‘ ’
ANALYSIS OF VARIANCE  DF  SUM OF SQUARES ~ MEAN SQUARE F
REGRESSION 4" 1634419060 408.54765  68.67160
RES 10UAL 209. 1243.40286 5.94930
- VARIABLES-IN THE EQUATION-
Y
VARIABLE - B . BETA STD ERROR B F
CATHATH 0.1023498 0.24301 0.03250 9.920
PROCGHP 0.3406929 0.32179 0.0£344 28.835
CATLANG p.1249161 0.28150 0.03196 ' 15.279
SEX 1.102224 0.150139, 0.34202 10.386 N
. (CONSTANT) =5.493414 N
| sm———CS<ma VARIABLES NOT IN THE EQUATIGN \
VARTABLE BETA IN  PARTIAL  TOLERANCE . F .
CATHEAD -~ 0.Q9882 0.08630 0.32957 Visel
+ AGE -0.09803  =0.1¢369 0.92823 4,385
© TYPESCIL -0.02151  =0.03141 0.92112 0.205
. TYPESCI2 0.07102 0.10434 .  0.93260 2.289
TYPESCI4 -0.07388°. =~0+11043 0.9655§ - 2.568
: ) SUMMARY TABLE
VARIABLE  MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R
vy CATMATH TP L '0.65538 c.ds3  0.42953 0.65538
' pROCCMP 2" 0.72119  0.52012  0.09059 0.64465
CATLANG 0.73921 - 0.54643  0.02631 0.63099
- SEX 0.7535  0.56790  0.02147 0.15814
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TABLE 36 S
Sample One Milwaukie High School Multiple Regression of *
Eight Variables on Student SPCT Posttest Scores °
} \ with Pretest Removed \
]
 MULTIPLE R 0.72076
R SQUARE 0.51950 .
ADJUSTED R SQUARE  0.51031 ‘
STANDARD ERROR 2.57210
1]
ANALYSIS OF VARIANCE DF  SUM OF SQUARES MEAN SQUARE ~ F
REGRESSICN 4., 1494.91477 373.72869 56.49129
RESIDUAL 209. 1382.67869 6.61569
VARIASBLES IN THE EGUATION
VARIABLE 8 BETA STD ERRCR 8 E
. CATMATH 0.1831443 0.43485 0.02937 38.854
CATREAD 0.1314650 C.30793 0.02983 19.425
iﬁx- 1.213294 0.16532 0.35770 11.505
- YPESCI4  —1.627169 -0.12995 0.61053 7.191
fCONSTANT) —7.259366 . )
e ——————I_ VARIABLES NOT IN THE EQUATION
VARIABLE BETA IN PARTIAL  TOLERANCE F
CATLANG 0.21645, 0.16893 — 0429265 6110
AGE -0.10455  -0.14717 0.95211 4,605
TYPESCIL -0.08154  =0.10417 0.78413 2.282
TYPESCI2 0.07664 0.10417 0.88777 2.282
. Y o
) SUMMARY TASLE
' V‘MIABI‘.E MULTIPLE R R SQUARE RSQY CHANGE SIMPLE R'
CATMATH ° ‘065538  0.42953  0.42553 0.65538
CATREAD , 0.69312  0.48342 ° 0.05089 0462774
, SEX. 0.70920  0.50257  0.02255 0.15814
274320 0.72076 0.51650  0.01653  =0.11551
. . 9 .
o * . R ‘ ) .
g
U'p




Rex Putnam High School

Table 37 presents the results of the multiple regression
analysis of'Sample One Rex Putnam High School student §Pcf'posttest_
scores. The regrassion equation contained fon; predictor variables
that tollectively accounted for 40.46 percent of the variance. The
F-value for the equation'was_37,04 witn 4 and 218 degrees of freedom,
vhich was significant at p < 0.001. |

The most important predictor variable was mathematics achieve-
ment, which agcounted for 29.59 percent of the variancte. The other
predicfo;.variables, in decreasing srder of importance, were SPCT
pretest, reading achievement, and sex. Males had signifiéantly
higher scores than females.

Removal of the SPCT pretest from the list of'indenendent

f

variables and repetition of the multiple regression procedure
tesulted in no new variables entering the equatjon, Table 38
contains the results of this second regression analysis of the

Sample Ong Rex Putnam High School student SPCT posttest scores.

The F-value for the equation was 42.34 with 3 and 219 degrees of

ifreedom, which was significant at P <:0 001.

The three remaining variables collectively accounted for 36.71
-

percent of the vaFiance. Mathematics achievement remained the most

important predictor. variable, accounting for 29.59 percent of the

variance; the other two variables were reading, achievement and sex.

2
Y

i |
Males had significantly higher scores,than females. p

- S
.
. . -
| TS S e .
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Summagi ) ' .
A - . N
For each school, a regressiop equation was included that had the

SPCT préiest remoted as' a predictor variable. There are two ‘<:
benefits derived from this procedure., First, it provides equations
able to be used in the three high schools without the requirement of
a SPCT ;retest score. In addition, the fEmoval of the SPCT pretest
provides an analysis of the contribution of'variables other than
priqf EPowledge of the science process skills to explaining the
variance in SPCT posttest scores.
TQe schools demonstrated gréat similgrity in variables

entered intb the regression equations. In each school, the first . ’. .

two predictor variables were the same. Mathematics achievement was

-

| the strongest predictor, accounting for from 29.59 to 42,95 percent
g S 1
of the variance. SPCT pretest was the next most important predictor

7ariab1e, accounting for an additional 6.00 to 9.06 percent of the .' .
variance. ) '

Sex was a variable that entered into two of thg three school — N
equations. It acaquted for 2.15 perq?nt of th? variance at &

Milwaukie High School and 1.5§ percent of the variance at Rﬁx Putnam

thgr variables that entered at least one of the school

i

:
High fchool. Males scored significantly higher than females.' ‘ ‘
Ay o ‘
, |
equations were langudge achieveément and reading achievement.

‘

Language achievement accounted for 2.63 percent of the variance at : .

-

Miiwaukie High School and reading achievement accounted for 2,00

percent of the variance at Rex, Putnam High School.
1 N

- 158
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The most noticeable difference between the schools was the

. i .
cqnsiderably larger amount of variance able to have been accounted

for at Milwaukie High School. The Milwaukie regression equation

\ .
’ accounted. for 16.33 percent more variance than the Rex Putnam
equation, and 8.67 percent more variénce than the'Clackamgs e;uation.
As was the case withVall of the other regression equations in
the analysis of Sample One data, grade level did not emerge as an .o

important predictor variable. The only type of'science to be
included in any equation (®he second Milwaukie High School equationj‘

was Integrated Scieﬁce. Intégrated Science had a negative regressioh~

coeffiéient dhd;accounted for oniy 1.65 percent of the variance, »




[ - ) : | TABLE 37 ) ¢

Sampie One Rex Putnam High School Multiple Regression of
Eight Variables on Student SPCT Pgsttest Scores

MULTIPLE R © 0.63611 J .
‘ R SQUARE . 0.40463
d ’ , - ADJUSTED R SQUARE  0.39371
STANDARD ERRGR 2.71165

. /-\ . N \

ANALYSIS OF VARIANCE OF SUM OF SQUARES  MEAN SQUARE F
: REGRESSION 4. 1089.42859 272.35715  37.04000
§ RESIDUAL 218. 1602.96603 7.35306 .
— VARIABLES IN THE EQUATION ——
a VARI ABLE ) BETA STD ERRCR 8  _ F
CATMATH 0.1325095 0.31059 0.02867 21.356
PROCOMP 0.2652925 0.24939 0.07157 _  13.740
CATREAD 0.8156194D-01  0.17994 0.02964 7.572
. SEX 0.8783177 C.12633 0.36568 - 5.769 , .
' SCONSTANT) =2.494337 . ’ .

»

et mmeeeel- YARIABLES NOT IN THE EQUATION

\
\
|
. . |
VARTASLE BETA IN PARTIAL ~ TOLERANCE F ’ ‘
|

CATLANG - - =0.06203  =0.05565 0.47917 0.674 o e
] AGE -0.04093  —0.05060 0.91014 0.557
GRADE9 £0.00906  —0.01083 0.85095 0.025

GRADELD 0.,00906 .0.01083 0.85095 - D.025

SUMMARY TABLE

VARTABLE " MULTIPLE R R SQUARE RSQ CHANGE __SIMPLE R
CATMATH "0.54393  0.25586  -0.29586 0.54393
PROCONP 0.60732° 0.36386  0.07258 0.52906 -~
CATREAD ° 0.62360  0.38886  0.02003 - 0.47802 .

’ L " SEX 0.63611  0.40453  0.01576 0.14045
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B ' TABLE 38

Sample One Rex'Putnam High School Multiple Regrepsioﬁ oj
Seven Variables on Student SPCT Posttest Scores
with Pretest Removed .

MULTIPLE R 0.60589

R SQUARE 0.36711
ADJUSTED R SQUARE  0.35844
STANDARD ERROR 2.78941 - .
ANALYSIS CF VARIANCE OF SUM OF SQUARES  MEAN SQUARE F
REGRESSICN 3. 988.39408 329.46469 42.34316 .
RESIDUAL 219. 1704.00054 7.78082
VARIABLES .IN THE EQUATION 5:}>2 .
VARIABLE 8 BETA $TO ERRCR B F
. .. CATMATH 0.1743684 ’ 0.40870 0.02711 41.362 ,
' CATREAD 0.1176476 0.2595% 0.02880 16.688 C .
. SEX 1.026359 0.14762 0.37392 T.534

(CONSTANT)} —4.235522
-

~—wwm———e——— VARIABLES NOT IN THE EQUATION

. VARIABLE  BETA IN PARTIAL  TOLERANCE F
CATLANG ~0.00433 ~0.00384 049942 0.00 _
AGE -0.05433 -0.06530 0.91426 0.93 '
GRADES + 000295 0.00342 0.85374 0.00
GRADE10 ~0.00295 ~0.00342 0.85374 0.00
. N }
= . ’ SUMMARY TABLE
VARIABLE MULTIPLE R R 3GUARE RSQ CHANGE  SIMPLE R
] . - S
CATMATH 0.54393 0.29586 0.29586 0.54393
CATREAD 0.58765 0.34533 0.04947 0.47802
, SEX - 0.6058% 0.36711 0.02177 - 0.14045
. .

.- - ‘ 1‘:41 .o | .
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School and Grade Level SPCT Posttest
Differences

-

An analysis of covariance (ANCOVA) technique was used in order

to assess any school or grade 1eve1 SPCT posttest differences that

existed after adjusting for important variables.

-

School differences - -

Table 39 presents the ANCOVA results for school differences.
The ANCOVA was conducted on Sample One SPCT posttest scores by school
with mathematics achievement, SPCT pretest, reading aehievement, sex,

and age as covariates. The ANCOVA indicated one or more significant

(p <.001)\school differences.

In order to determine between which schools the significant’i
differencgs existed, the ANCOVA procedure was performed between all
possiblé pairings of schools. The results of these ANCOVA
procedures are presented in tables 40 through 42. The ANCOVA
comparisons indicawéd %o significant difference (p < .05) between
Clackamas and Rex Putnam High School adjusted student SPCT posttest
means, Both Clackamas and Rex Putnam students had significad@iy
(p € .001) higHer adjusted SPCT posttest means than Milwaukie High

School students.

Grade'level differences

Table 43 presents the ANCQVA results for the comparison of 0
Sample One ninth-grade and tenth-grade SPCT posttest scores. The

— R - \
ANCOVA was conducted on the SPCT posttest scores by grade level with v
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mathemangs achievement, SPCT pretest, reading achievement, sex,
- and age as govar&ates. The ANCOVA indicated a significant (p < .001)

difference; tenth-grade students had significantly higher scores.

‘ o~ 173 !
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‘/ TABLE 39

ﬁSa%ple One Analysis of Covariance of s dent SPCT Posttest Scores
| by School with Mathematics Achie]ement, SPCT Pretest,

‘f ‘geading Achievement, Sex, and/Age as Covqriates 5
~ N ,‘
| SUM OF MEAN SIGNIF
SOURCE OF VARIATION SQUARES DF |SQUARE F OF F
4719.887 5 943.977 145.670 0.000
£95.049 1 %95.049 76.394 0,000
528.574 1 528.574 Bl.567 0.000
148.795 1 148,795 22.961 0.000
59.433 1 ; 59.433 9.171 0.003
85.792 1 | 85.792 13.239 0.000
© 372,883 2 |186.441 28.771 0.000
372.883 2 | 136.441 28.771 0.000
' 5092.770 7| 727.538 112.270 0.000
4276.957 666 6.480
9369.727 667 14.048
\ Coen 2
\
GRAND MEAN = 11.66 o ADJUSTED FOR
1 . .

-

3 .

INDEPENDENTS

' : . . UNADJUSTED + COVARIATES
%ARIABLE + CATEGORY N DEVYN ETA DEV'N  BETA
D -

1 CLACKAMAS 231 , 0.65 0.74

2 MILWAUKIE 214" =178 -1.33 -

3 PUTNAM 223 1.02 0.51

o 0.33 0.24
Py L
MULTIPLE R SQUARED R ‘ 0.544
MULTIPLE R 0.737
‘; , . ] . < \
D' ~
. . ’/\\__
- AV L
1"‘1 -
- 8 .
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TABLE 40
Sample One Glackamas High School and Milwaukie Higﬁ School
, Analysis of Covariance of Student SPCT Posttest Scores
. by School with Mathematics Achievement, SPCT Pretest,
Reading Achievement, Sex, and Age as Covariates
. SUM OF . MEAN _ SIGNIF
SOURCE OF VARIATION SQUARES DF SQUARE F OF F?
COVARIATES 3360.599 5 672.120 110,529 0.000
PROCOMP 378,951 1 378.951 62.318 0,000
CATMATH 311.131 a1 311.131 51,165 0,000
CATREAD 85.039 1 85.039 13.985 0,000
AGE 56.215 1 56,215 9,245 0.003
SEX 50,299 1 50,299 8.272 0,004
MAIN EFFECTS 302,626 1 3020424 49.733 04000
ID 302.424 1 302.424 49.733 0,000
EXPLAINED '3663.022 6 610,504 100.396 0.000
RESIDUAL 2663 .450 438 6.,081 L.
TOTAL 6326473 444 14,249 4
GRAND MEAN = 11.14 ADJUSTED FOR
. : INDEPENDENTS
. _ : UNADJUSTED + COVARIATES
VARIABLE *.CATESOBY . N DEVSN ETA DEV'N BETA
o ) .
1 CLACKAMAS 231 1118 1.00,
2 MILWAUKIE 214 . =127 -] .08 ,
i “0e32 : 0.28
MULTIPLE R SQUARED 0.579
MULTIPLE R . B 0.761
'y ‘ ‘

»
.



Sample One Milwaukie High School and Rex Putnam High School
Analysis of Covariance of- Student SPCT Posttest Scores

TABLE 41

3

153

by School with Mathematics Achievement, SPCT Pretest,
Reading Achievement, Sex, and Age as Covariates

SOURCE OF VARIATION SQUARES
COVARIATES " 33064412
PROCOMP 314.208
CATMATH 357464 .
CATREAD £ 112.383
AGE 35.681
SEX 65.063
MAIN EFFECTS 2604619
© 10 260,619
EirLAINED 3567.031
RESIDUAL
TOTAL
GRAND MEAN = 11.31
VARIABLE + CATEGORY N
10
2 MILWAUKIE 214
3 PUTNAM

-

)
MULTIPLE R SQUARED
MULTIPLE R

SUM OF

6430547 436

223

. DF

Pt po Pt o DY

- s

6

2863.515 430

UNADJUSTED |+ COVARIATES

"« MEAN-

SQUARE

661.28¢2
314.208
357464
112.383
35.681
65.063

2604619
260.619

594,505
60659

14,749

F

99.302
47.183
53.679

. 16,876

5.358

- 96770

39.136

.39.136

89.274

SIGNIF
OF F

00 000 e
0. 900 !
0.000

0.021

0,002 : -

0.000
0.000

0.000 .

ADJUSTED FOR |
INDEPENDENTS

DEVEN -~ ETA* DEV'N

-1.43

1.37

~1.02
0.98

0.37 -

BETA

0.26

0.555
0e745




o - TABLE 42
Sample One Clackamas High School and Rex Putnam High School
Analysis of Covariance of Student SPCT Posttest Scores
by School with Mathematics Achievement, SPCT Pretest,
Reading ‘Achievement, Sex, and Age as Covariates

. SUM OF & MEAN SIGNIF
SOURCE OF| VARIATION S§QuUARES DF  SQUARE - .F  OF F
COVARIATES 276,110 & 495.222 73.585° 0.000 -
CATMATH 345,375 1 345.375 51.319 0.000 .. .
CATREAD . 95,209 1  95.209 144147 0.000 : :
AGE -, ' 20983 1 . 2.983 Qe 443 0506 . |
SEX : 64,553 1 64,553  9.592 0,002
. ’ % |
MAIN EFFECTS 64803 1 6.803 1.011 0315 |
10 L " 64804, 1 , 64804 1.011 06315 s
| . . ‘ e Y
EXPLAINED ' 2482.913 6 413.819 61.489 0.000 ° SR
’ A |
RESIDUAL - " 30084298 447, 6.730 : |
. ‘ ] ) |
. o0 ~ - ) ‘
. TOTAL .. 5491.211 453  12.122 i AT
) - _ \ ’ - .‘i
\ . 4 1
- . ?
GRAND MEAN = 12.50 * ADJUSTED FOR
' . INDEPENDENTS
UNADJUSTED + COVARIATES
VARIABLE + CATEGORY N DEVSN ETA DEV'N BETA
10 ' : x '
1. CLACKAMAS T 231 -0.18 . 0612
3 PUTNAM 223 ..  0.18 ~0.13
A . 0.05 0.04
MULTIPLE R SQUARED ' 0.452 e

MULTIPLE R : | 04672 -
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_ TABLE 43

Sample One Analysis of Covariance of Student SPCT Posttest Scores

, by Grade Level with Mathematics Achievement, SPCT Pretest,
Reading Achievement, Sex, and Age as Covariates

" COVARIATES 47}9.887
PRICIMP « 495,049
. CATMATH 528,574
. CATREAD 148.795
AGE 59.433
SEX 85.,792.
MAIN EFEFCTS 177.215
'  YEAR . 171,216
. " EXPLAINED 4897.192
¢ » .
RESIDUAL - '4472.625
. TpTAL .  9359.727
L)
v 13
¥ GRAND.MEAN = 11.66
~j VARIABLE + CATESDRY. | N
oD “YEAR :
SN | GRADE 9 339
AL © 2 GRADE 10 329

. SUM OF

SDURCE DF VARIATIUN*SQUARES

MULTIPLE R SQUARED

i nthxpLE R

’

MEAN
DF . SQUARE
S 943,977 1
~1 495,049
1 528.574:
1 148.795
1 59.433
"1 B5.792
L 177.215
“1. '177.216"
6 B8l16.184 1

6el 6. 76&

667 1. 043

~
>

Q \

UNADJUSTED,

DEVINT ETA

"0:41
0.42 _
0.1}

12679

SIGNIF
F OF F

39,508 - 0.000
73.162 * 0.000
78.117 0,000
21.999 0.000

8.783 0.003
0.000

0.000
0.000,

26.190
26.190

20.622 0,000

'ADJUSTED 'FOR

" . INDEPENDENTS .

+ COVARIATES
DEVEN BETA

"0083 . !
0.85 -
‘0.22

TArie

PR



First-Level Science Instruction
"4 Teacher Quest}onnaire Results o | .

)

« 1 Teachers of first-level science courses in each building

respondeghbo Teacher Questionnaire II (a’ copy is found in appendix .

~

C) near the end of the 1981-82 school year. The information

LY
K

“brovided by the teache¥s was concerned with the process skill

»

'
.component of instruction and their 0wn training in the teaching of

Y.

the science process_skills: . BN .

-

Clackamas HighhSchool
‘ The teacher'estimates of the ‘percentage of total instrucﬁional . ,‘
tire dezoted to the science orocess skills identified‘in the-district
jpinimnm grednation competencies were 20 percEnt and 60 percent in the

area of physical science and.3§ percent‘and 95 percent in the area of
’ » " o b

.biology. 'All teachers indicated no change over prior years in

either the amount of time or emphasis devoted- to the science process

.

skdlls. ‘ '
Two teachqrs, one biology- and'one ph9sical science, indicated

having completed one or more classes more thfn‘five years ago' that )
~ v -

[ .
were devoted in their entirety or had a major component devoted to
' mv" ‘

~ the _ence prbc;s}s skills. ‘ ‘ ,

& s

Milwaukie High School ' ' L n ) ,

The teacher estimates of the percentage ofuiotal instructional‘
time devoted to the science process skills identified in the district ]

midimum gradhation competencies were 20 gercent (biology) 30 percent

KA ‘ % ‘
-(biology), 201percent (earth and space science), and 100 percent LN o
-, q" ’ ¢ et 0‘ * “: * |
". F ’ ¢ _ . [] . . . ‘
’ N -.' ...f ’ ' N . . X' .

. .‘ v ( N i' ”. 1 . :-_) LI . . N . N . \ . K

3 . t‘\* 4 3

B . ’
o . "‘.an- - . A

-




the science process skills. One teacher indicated that he had

< S ' 157

(integrdted sciepce). All teachers indicated no changes over prior
2 .

years in the amount of time or emphasis devoted to the science -

v

process skills. "Bne teacher responded even though it was the first

\
The Milwaukie High School teachers indicated that none of them

e =~. 3

_ had experienced any inservice actiyities, classes, or workéhopeﬂthat_

. . P
were devoted entirely or had a major component devoted to the science

.
.

|
\
|
\
|
|
\
|
year of teaching for that person. - )

process skills.

Rex Putnam High School . .
I .

The teafher estimates of the percentage of total unified science

-

instructional time devoted to the science process skills identified

[

in the district 5 minimum graduation competencies were 75 percent,‘

xt, 8Q percent, and 95 percent. One teacher was teaching - .-
. o
unifie ience for the first time and therefore did not respond

to the item asking abdut changes *in emphasis or time devoted to
4

L
73

L H

increased both time and emphasis devoted to the science processhskiils

. duniﬁg the 1981-82 school year while the two remaining teachers

A .
f

indicated no changes over pfior years.:: N ' . o . ‘

) One teacher,‘ the firsfkyéar inatructor, reported no inservice, ‘;; _
classes, or workshops éoncerned with the scie;;e process skills_ ‘ : | )
. [N
However,gsince th?re is ng@ Teacher Guide for the'Rex Putnam Unified ’

{ " . } .o : 3
+ - v N .

Sciepce course, &ny questions about the materials needed to be -

.anstred;by one or more of the teacher/developers {n the building. -
Pt : : T
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Summary : ' . .

&< . SR " 18

A

ConSequently, a certain degree cf building level ipservice training

transpired during this teacher 5 implementation of the materials

1 R e
t . ! «
. .

throughout the year. Co
Another teacher, who was involved only in the final stages.of
the. Unified Science: Curriculum Development Project, reported

building level inservice during his final year of junior high school

lseiencerteaching. lhe other two Rex Putnam teachers both reported

.

L their unified science curriculum development work during the prior
five years as inservice activity, and both had also.completed

_classes (?ottland"Project'implementation courses) more than five

»
!

. years earlier. - o : . o,

|

»

' The mean of teacher estimates of the total percentage of

.

_‘:instructional‘time devoted to the district's minimum competency

‘prdcess skills was 59.17 percent. The mode was 20 percent, and the

i

. median 'was 67 50 percent. .

’ . B
IN v 1

The unified science mean (Rex Putnam High School only) was

\
82 50 percent.n The biology mean was 45 00 pﬁrcent, and the physical

< » LLe ¢

science mean was 40 00 percent. The sinsle earth and.space ‘science

estimate was 20 percent, and the single integrated science estimate

. was 100 percent. ’ T '.gw‘ .,»,'\ f) -

A BT . '
- R

The thrée ovetall school means were 52 50 percent (Clackamas),
)
42.50 percent- (Milwaukie), and 82.50 percent (Rex Putnam)~

The emphases on . the science prdcess skills declared by the

L
W

first*level science teachers,showed a general relatiohship ‘ f. e

'—g -

z

-t
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to»;hé SPCT posttest scores, SPCT pretest/posttest gains, SPCT

Subtest gains, and effect sizes. The groups whose-teachers had

indicated'the greatest emphasis on the science proéeés skills had

. ™~
_the h!ghest SPCT posttest scores, greatest SPCT prete&t/posttest

( other variable. ‘ K .

gains, largest number of SPCT Subtests where statistically signifi-

-

cant gains were made, and largest effeEE'sizes. The 6nly exception
to that pattern was the Milwaukie ninth-grade Integrated Science .

group, whose teacher had reborted the highest estimate of time )

devoted\tk the science process skills; the group hgd.the iowest

level of performance dn each category discussed above. '

v Y

No high school level distriét inservice;training in‘thg science
process'ski}ls was reported, and the only-buildingﬁleveleinseréice
activity feborted w;s ghe Unified Science Curriculum ﬁeve}opment *
Project gt Rex Putnam High School., One-third of Ene teachers

reported| completing classes concerned with the science process skills

\
more than five’'years earlier, ‘ —~———

™

¢

Summary Discussion of Sample One Findings

The most ¢onsistent and frequent finding from the analys;s of
, e

.

relationship that existed

the Sample Ofie data was the. very stro

between acagemic achievement and science
»

ds measured by the SPCT. This i

greater percentages acc ted for by academic achievement than by any
* . ‘ N . . .

L

Vi -t

- . ) (94 » ©
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Academic achievement . | )

3

‘In all six regression analyses'of Sample One data,'mathehatics

achievement was ‘significant (p € .001) and the most important

predictor variable, accoun‘&ng for an averageﬂof 38.?2 percent of

.

the variance. Reading achievement was also a significant (p < .001)

.
L

pfedictor variable in two regressioh equations, and language -

achievement was a significant (p & ,001) vari le in one regression

o« .

equation. ) , 2

SPCT Eretest

“. The mean SPCT pretest score for, Sample One students was 9.59

-

(out of 'a possible 24 points). ,SPET pretest score was the second

mog¢t important variable in accounting fpr SPCT ppsttest variance of

%gqglf/One students; it was a significant’ (p < .001) predictor:
' i

variable in all initial regression ‘equations and accounted for an
.~ - e " ¢ [

)

average of'7.91 percent\gi\the variance:

Type of science L ‘
The t-tests of SPCT ptétest/i)osttest gains indicated tha:t all

types of science were showing gains at about “the same statistical

level of sighificance (p < 05) The t-tests of the changes on

1
)

SPCT Subtests detected some differences. While several of thegtyﬁes

j
/

‘ -
of science had significant. (p < .05) gains on four or five 6f‘the
Sﬁbtests, only the Rex Putcam Unified Science course had students
make signifiocant gains on all six QPbtests. These gainsg:were made

Al

by both ninth- and tenth-grade stp&ents. The Milwaukie ninth-grade

A .
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LY

Integrated Science group had the smallest number of significant gains

on the Subtests, with only one.
¢
The effect sizes or A values for each of the groups in Sample

One identified some additional differences. The Clackimas Physical

Science groups had the two highest effect sizes (0.82 and 0.90) in
the study, followed by the two Rex Putnam High School Unified Science
groups (0.68 and 0.74). Both of these types of science, physica}
science and unified science, had distinctly larger effect sizes than

.

the other groups and ftypes of science in the study. The onIy other
1 > ®

effect size that would be considered above average when compared to

those reported in the literature would be the 0.51‘of the Clackamas

tenth—grade Biology group. ' »

The ANCOVA results. indicated significant (p< 001) school .

differences. The students at Clackamas and Rex Putnam High Schools.
had . signifidantly highef_adjusted SPCT posttest scores than-the

students at Milwaukie High School. This indicates that the Unified
. 1 4

Science course a Putnde and Physical Science and Biology courses .

g o

at Clackamas are producing students with higher levels of science

.

. [y
process skill knowledge,than‘pre the’three first~level courses at

Milwaukie., The three courese, Biology, Earth and Space Sdience, and

[y .

Integrated Science, ‘Bt Milwaukie show great s’imilarity in terms of ~

significant pretest/posttest gains,. effect ’sizes, and significant
. S I

.Subtest gains., - ' e { ) .
! L : t

;! . 1 .
There is no "be%t"»type of sgi:ZFe emerging from the analysis of ,

the data. Differenges do exist, howévex, as have just been discussed,

' S '

'
1

.
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B J
There is an element of science process skill development not yet
discussed; this is the science process skill competency of students

who have left the first-level science course, but who are still in
. \

the high schools. Sample Two data analysis reported later in this

-

chapter provides information relative to this:dimension of the first-

level science courses. .

¥

Gradé level *

In all ‘comparisons, the data consistently indicated higher scoyes

for students who had studied their first-level science in the tenth
' ~ . rd
grade when compared to students yho had studied it in the ninth

L3

) ol
grade, -For the total Sample One data, tenth-grade students hgﬂ
significahtly (p &, -001) higher adjusted- SPCT scores; than did ninth-
grade students.; The only exception to this general finding was foy

selected groups of ninth-grade students who had high levels of

" achievement in the areas of 'mat./hematicrs, reading, and language.

Sex )

Sex was found to be a significant (p € .001) variable in

accounting for SPCT poéttest variance in three of six regression

-

equations. In alk cases, males had significantly higher scores

N

than femq}es, and the average amount of variance accounted for by ,
1 P

the sex variable was 1.85 percernt.

b=,
e
AN

4

wt
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~
.

Age was not found to account for two percent or more of the

.

SPCT posttest variance in any of the initial regression.analyses

/
. .
.

of Samplé One data.

-~

EIK\I'C _— ) : | . . . . |

Iy \ 3 , ' . . . S e
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P Sample Two

-

- Descriptive Statistics

CAT- scores 1

/
s
’

Table 44 presents mean CAT scoresdfér total reading, total
¢ ’ language,-and total mathemgtics for each groupjin Sample Two.

The highest group mean, 56.53 in mathematics, and the lowest group

-

< , mean, 49.37 in language, both beionged to the Rex Putnam 12th-grade
. group. The means for all students were 53.53/in’reading, 51.87 in’
) ) . 1anguage, and 53.87 in mathematics. The ranges of the CAT means
»iooT -

were 3.40 for reading, 5.13 for language, an? 4.50 for mathematics.
Five of the seven groups had their 1owebt mean in language.

Both Clachamas'groups had their highest‘meaLs in reading, while

both Rex Putnam groups had their higheet méans in mathematicst The -

’

group with the highgst total CAT means waJ the Clackamas 12th—gfade

. /
_ (162.87)., whtle the group with the Iowest total CAT wbans was the

Milyaukie llth-grade group (155.59).
The average total CAT means for schools were 162.81 for
) . Clackémas, 157 92 for Milwaukie,taud 157 41 for Rex Putnam. . ‘fv‘“ L

The average~tota1 CAT means for each grade level were. 160 61

&br the 10th grade, 158.14 for the 1ith grade, and 159, 72 for the

! NS ‘
l 12th grade. Thé. only apparent pattern in the CAT means acrOSs grade
- levels was an inversé relatihnéhip hetween,language méanaﬁand,grade
- . . R . v K . . . ) i ‘; .
- lefel. - o .t »
. ’ w . .
N~ . B
» Y X
- . t .
- @ » .
N A ) ‘\".\'
r “ e ‘
: G-y R
. 1\.1 { . ? i N
5 ~ « '~ ¥
‘ ) ] " ! A
. . - 5 -
‘ |‘ ‘ % R " . ) £ \"\



SPCT -

J- Table 44 presents the mean SPCT scores for each group ,in - .
Sample Two. The highest mean score was 13.77 (Rex Putnam Ich
grade), the 1owest mean Score 10.70 (Milwaukie 11th grade), and

the mean score for all students 12.11. The range for the SPCT | -

group means was 3.07. 4 g
The mean SPCT scores for ‘each school were 12. 44 for Clackamas,
11. 19 for Milwaukie, and 13 17 for Rex Putnam. With one exception,

the Milwaukie 11th—grade group, SPCT‘soores-increased with grade,

- @ .

(_1eve1 within-each school. l
The mean SPCT scores for each grade 1eve1 were 11,40 for thi ‘ X
si

10th grade, 11 85 for the 11lth grade, and 12.61 for the 12th grade,
‘ 'iksPCf Subtests I ::? T ' . :
~ N » l < o

Table 44 presents the mean SPCT, Subtest scores for each group in

L

5 - R R . |

. Sampie Two. .The SPCT contains six Subtests, one for each of the; A ;

’ process skill competency areas*included in the study. Scores onj S
4

.' *

" each Subtest .can range from zéro to four. The highest greup mean on L
H ot

,‘~any-Subtest was f 87 (Interpreting Data); the 1owest group mean on T

L

v any Subcest was O 63 (Modeling)

The total Sample Two means for the SPCT Subtests were 2. 33 ;

l

(QlaSBifying) 2119 (DbSetving), 2 61 (Interpreting Data), 1. 92

(Identifying Variagles) 0 92 (Modeling), and 2,04 - (Measuring)

The grand Sample Tonhean for all Subtests was 2u02¢ . ' . .

s L e -. A . -2 .
e T, Y N v 8 ¢t
.l AN . . ,
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Summary . - . R

» .

Tbé highest overall CAI achlevement area for Sample Two

students was mathematics, follow d closely by. reading. The -

N
'

L ’ iﬁdividual group with the highest total CAT mefns was the Clackamas
: . . |
) * '*12th-grade group, and the group with the lowest total CAT means

was the Milwaukie 1llth~grade gr%up. Clackamas High School students

" had a total CAT mean score (16 .81) that was 4.89 higher than' that.

of Milwaukie High School studepts and 5.40 higher than that of

.

‘Rex Putnam High Schoolistudenﬁs. The total CAT meah scores for the
three grade levels included 1 Samﬁ&; Two were very similar, with a

range of 2.47 and granh mean/of 159.49. ;
&

The SPCT mean for.all gtudents ih‘Sample Two was 12.11. Th? e
* i

A

highest SPCT mean for an individual gréup was 13.77 for the Rex

? PﬁEnam lztﬁhgrade group. hezlpﬁest SPCT mean for an individual
group was 10.70 for the M lwaukie 11th~grade group. Sample Two
student SPCT means increased with grade level, with a 0.45 increase

between grades 10 and ly and a 0.76 increase between grades 11'and

\ 12: Rex .Putnam High School students had the highest échgol mean,

ERY %

13.17, and Milwaukie High School 4&tudents the lowest school mean,

.t
v
¢

11.19.

'

>
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{

Total student means were almost identical for the Classifying (2.33)
. . e '
and Observing (2.29) Subtests, which represented the second and third

bighest total student means for any Subtests. Milwaukie High School

students had the lowest mean on each Subtest,\qnd the 12th-grade

students had the highest grade-level mean on each’Subtest.

3

NS

“1 . . *
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TABLE 44

El

SAMPLE TWO MEANS OF SPCT SCORES AND CAT SCORES ‘BY 'SCHOOL AND GRADE LEVEL -
L] ' 9 * N

Group N| SECT | Classify | Observe Interpr,et., variable | Model | Measure | CAT "CAT | cAT,

. ) Read "| Lang | Math « , -
Clackamas 11 | 30| 12.27 2.37 2,30 .|+ 2.87 . :'@.03 0.63 - 2.07 55.47|, 54.50 5_2,‘77
Clackamaa 12 | 30| 12.60 2.57 2.50 2.60. 177 0.87 2,30 55.17f 53.00| 54.70 -
Milwaukie-10 | 30| 11.40 2.27 2.27 : 2.6b ,,.1.'50 070 1.67 | 53.17 33.27 54.17
Milwaukie 11 | 30} 10.70 2.07 2,17 |7 2.20 “ _.:',: 1.40 \'0.80 N 2.0'7 51.93| 51.23} 52.43 - -
Milvaukie 12 | 30} 11.47 2.13 2.13 - 2:5? | 2.00 - .‘0,70 1.93 54.37] 51.X7| 52,03 ’

- ‘ ’ ‘- » .0 ‘ .
Rex Putnam 11| 30| 12.57 2.30 2.27 2.60 2.17 . 1.33 1.90 | 51,77} 50.53 53.80&':
. o . o ’
Rex Putnam 12| 30} 13.77 2.63 2,40 2.88 2.17 1.40 2.33 52.83] 49.37] 56.53
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.. . . . 'Regressipn Analysis of Total Sample S .
. > : Two SPCT. Variance T
R . . Table 45 preSents the results of multiple regression analysis «
’ s 4 N 4 - ' . < . ‘. 0 s 4
' ~ . - L] . *
ﬂ,' of all Sample Two student SPCT scores. Theré were 35 independent
R . variables eghtered into the mu%tiple regression procedure. For,all
+ _‘ ) “ b . N ’ .~ ¥ e ’ ’ ! ) ’ l- ’
a multiple regression analyses invthig study, the equation selecte} _
. for presentation and\discussioh was the one that.contained all '
v _ preddctor variables that accdunted for approximately two percent
. ‘ or more of the variance. e o ' , SERAY
' ~ ® . s, . N N
» Coa . The main regression equation contained five predictor'rariables- .
A . that collectivély accounted'for 54.95"ﬁercent of the variance and” " -
- . . !‘
: ; ‘had an F-value of 49.51 with 5 and 203 degrees-of freefiom.” This was'
— [, S ~ - I
vl ! co 'significant at p'<:.001. The moSt important predict‘r variahle was
R . s ,“v i . . s ., . . ,, .
/mathematics achieVeﬁent which.accohnted fo::41.7Q percent of the L4
| . . - ‘

- P . ¢ . . 4 .
R variance. - The other predictor Variables in the equation, in v -
L S, decreasing order of iabbrtance, were reading achievement Unified -

' ’ o . -Sciente, élective science, and sex. . , L :
4 a . i . » Les
,: oL . The entry of unified science into the equation was significant .
\ . cae s » ’ » o
L e for two reasons. - First, it was the only ipstance where a first-level gL
?{ © . type- of .science appeared in_a_total sample regression equation, ,In R
‘f ? }{‘ addition, it’ accounted for a larger share~ f the variance.(S 92, per— o
d oA - e Y
R ‘ _r'cenﬁQ than did having comple;ed some. elective seience~(1 59 percept), .
' { . .?f . Removal of the strOngest predictor, mathematics achievement,~, .
7, 3 or . . ] , ; o
ti o . R L MRS
N N o ﬁronpthe 11 of independept variables apd repttition of the " i”‘ -
figp . N .multiple xegression prOcedure produced the fesults found in taﬁle 46.._
a Y . ' :‘: . ' ' " .. ‘l 1. . L ,:' > .
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This regression equation contained 8ix predigtor Yariables that
collectively accounted fo; 53.55 percent of the variance. The -
equation F~value was 58:81,with 6 and 202 deéfeeé“of freedom, which
-was sigr'lificant at p.<.001. '
The most important prediétof variable in this second equation
. was reading achievement, which accounted for 38.86 percent of the -
3 ’ variance. The other variables }n the eqqation, in decreasing order
of* importance, were unified’science, mathemaEics beyond algebra,
one semester of bhysics, language achievement, and se;.
Of special interest in equation two are the disappe;rance of
elective science and the entry of mathematics beyond algebra,
*  language achievement, and one semester of physics. ‘The disappearance
of elegtive science was due primarily to its"strong positive relation-
. \Bhip to m;thematics beyond algebra, which entefed the equation on
step three. Mathematics beyoﬁd alééfféfﬁad a strong positive \
relationship to mathematics achievement, and therefore when mathe-
$ hatics achievement was removed from the list of independent
variables; mathematics beyond algebra emerged as a reasonably

important predictor. The entry of language achievement into the

equation indicates that it is somewhat independent of reading
LUl * ) ‘ -
achievement and accounts for, a portion of the SPCT variance for

~

other reasons; most likely this is a reflection of its positive
relationship to mathemat;cs achfievement. The entry of oné semester

of physics was indicative of its strong positive relationship to

L

mathematics achievement and relative independence from the vagiabies

preceding it in the equation.
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'\ ¢ TABLE 45 )
. Total Sample Two Multiple Regression of 35
' Variables on SPCT Posttest Scores
" WLTIPLE R 0.74125,
A R SQUARE 0.549453
. \ ADJUSTEO R SQUARE  0.53836 ,
STANDARD EMOR 2.45509
. : .
. ANALYSIS OF VARIANCE:  OF SUM OF SQUARES  MEAN SQUARE [ 3
. REGR ESSION s, 1745.20230 900046  49.51207
‘" RESIDUAL 203, 1431.04650 Te04949 : -
' ¢ o -
S > 4 .
i . VARIABLES IN THE EQUATION
Z VARIABLE = . .. ® BETA STO ERROR 8 , ¢
¥ .
CATHATH 0.1407143 0433378 0.02728 264607 o
. CATREAD 0.1805350 0439037 002974 360042
TYPESCH 1.525959 0.17795 0.41850 13.295
ELECSCI 09699896 032303 041751 54390
SEX . 00504954 0.11011 Y 0.37208 5.301
(CONSTANT] * —0.e11062 . -
. ; o .
_VARLABLES NOT IN THE EQUATIuy —=——emmem—
VARIABLE S8ETA IN PARTIAL  TOLERANCE F -
CATLANG 0.11355 0.10084 0435530 2075
AGE 0.01582 0.0229v Ve T3 Ta Oe1l0w
GRADELO =0.01141 “0.01642 0e93430 Y
o GRADELL -0.01726 “0.0255e V9090 0.a32
' GRADEL2 .02505 0.03 75 096205 Oelu®
iﬁ; CLACKHI 007573 © 0010706 Oes2151 - 2.369
% MILHI “0.08 449 “O.ludh0 VeTlcd3 20400
* !5 PUTHI 0003617 0001593 veus7¥0 veusS2
151 YRREML . 0403753 005310 | GeSVLTT VedTL,
¥ YRREN2 ~0.01206  =0.0LT7L G.9710b 0.063
) YRREN3 <0.03308 ~0.0S437 0.9icTo 059y
‘Sv TYPESCY 003631 [ TX Y1 [ PY3- 2% 7Y Vedeos
1 TYPESC2 ~0.05905 =0.03852 VeSeoul 1525 °
4 TYPESC3 0.01107 Ve01503 0.83 038 Jeliben
SHELSCL “0.06788 009856 ° De 944970 L4981
) SMELSCZ =0.01547 “0.01691 0e5300¢ 0.050
“‘ SHELSC3 N °o°‘935 L Oedb 208 °o9zl°£ 00369 N
- ‘i SMELSC4 ~0e03860:  =0.05330 VesbuYo Ue5T7 i
e SMELSCS 0.02162 0003004 Ve9unuT .19
. SMELSCo 0.05965 [ J9% L1 T Te9l lue Lonbe
' SHELSCT 0.01885 002777 . O0e¥7749 Vel5e
M “ELSCS “0.00495 «0.00729 o.979.b ‘ 0.011
» slol =0.06225 - 003404 JeTITU3 0392
. 8lo2 =0.03841 004937 [ P (T XT Qonve
y CHENL - 0.05971 0.05673 Oetva?y’ Deb52
CHEN2 0.07903 0.07616 Veluvy 3 - belTV
. ' Myl 0.00947 0.08797 0eT132 1575
. PHY2 0.07197 0.09550 VUelvaal 1.859
. b ADVCHEM) 0.07409 0e10345 Va7 a4y 2.185
. SYNDALG 0.0783% N TV Oekso2? 1.349
SUMMARY TABLE ’ |
. . A
| VARIABLE  MULTIPLE R R SQUARE KSQ THANGE  SIW’LE R
- CATHATH 0.0esSTT 0.41701 0041701 _  0.64577
CATREAD 0.69973 0.46962 Os0T261 . 0662337
_TYPESCA 0.72237 0.52182 003220 017232
<ELECSCT © 0473327 053769 0.01%37 00429060
SEX 0.74125 0.54945 0.01177 Deub399

Q
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TABLE 46

Total Sample Two Multiple Regressfon of
34 Variables on SPCT Posttest Scores with

Mathematics hievem oved
WILTIPLE R L 0.13179 - o .
R SQUARE 0.53551
. ADJUSTED R SQUARE ; 0.52172 :
STANDARD ERROK 2.70252

ANALYSIS OF VARIANCE ° OF

SUM OF SQUARES MEAM SQUARE

REGRESSION o 1700,92119 28343080 3e8 1466
RESIOUAL T 2026 1675.32762 T7.30360
- VARIABLES IN THE EQUATION
VARIABLE - ) SETA; STO ERROR 8 F
CATREAO 001540891 0.33319 0.03682 15.757
TYPESCH 1.677095 . 0619558 Veke3825 ) LYYV
SYNDALG 1.561942 0.19750 0.47610 10703
PHYL 2.007140 O.16113 366759 9.03y
CATLANG 0.1019696 021503 0.03750 ,  T.392
SEX 049324400 0.11959 0e38254 5.942
¢ (CONSTANT) ~3.514214
~ - VARIABLES NOT IN THE EWUATIUN -
VARIABLE BETA IN PARTIAL  TULERAKCE F
AGE 0.01715 V.02355 OenT30Y 0112
ELECSCE 009022 0411096 07045 2+506
GRADELO «0.02722 «0.03869 Ve9300% 0e301
GRAOELL X 000263 =0.00 30 0.9419% 0eLO2
. GRADEL2 »0,02278 0.03179 AT L 04203
CLACKNI 0.05374 0.07038 7 ° VeBlyoo 1029
MILML “0,06319 ' =0.079062 " 3.73002 Lelld
PUTHE 0.,03238 » 0.03533 VeOod%l v 0e2d)
YRREML 0.02088 - 002970 . Ve9395%0 0117
YRREM2 0001639 0402390 Ve994a52 00115
YQREM “0.05678 “QedTdIe ve3desu o ledtd
- TYPESCL 0e0uile 0005387 0e6Tu3S Ueded *
TYPESC2 . “0.00204 ~0.08 906 0093300 |, le607
TYPESL) 0e0V341 Ve0O0%ok Oedd¥23 OeUD4
SMELSC “0.05718 «0.08208 - Vevlumb 1.383
SMELSC2 Ve0T199 0.10)o8 | VY2055 20100
SMELSC) 006296 0.08900 OeYi0l9 1605
SMELSCe -0.,03225% «Qe04508 - 0e9310V OetcO
SMELSCS 0.00300 0.00390° JeT83TL 0003
SMELSCH 0.03221 0.07065 Oeldune 1.008
SHELSCT 0.01885 002732 Ve 91559 0,150
SMELSCE «0.01991 ~0.02798: e 9AT727 ded5T
8101 =0.02053  '=0.02854 _  0.89737 Oedbt
8102 “0.01374 “Q.01927 0e91443 UeUTS
CHEM) 0.0%441 0e11433 Veneils 20062
CHEM2 0.11101 Oel3034 Qe JUUbY 3.807
PHYZ 0.02575 0.01039 Ve lbule . Veude
ADVCHEM] 0.09494 012495 0e85T0V 3399
> SUMMARY TABLE °
VARIASLE MULTIPLE R R SQUARE NRSQ CHANGE  SINPLE R
CATREAD 0.62337 0.30859 0.38859 062337
TYPESCH U.00778 O.44593 0.09733 0.17232
SYNDALE 0.70006  0.49009 0.064k8 0.5k4b2 %
‘onvl 0.71326 0.5087% 0.010066 0338403
CATLANG 0.72239 0.52183 0.01311 0e84437°
‘ SEX 0.73179 053551 0301366 0.08399
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Regression Analysis of SPCT Posttest
/s ' Variance by Grade Level

@ﬁ:enth grade : . ’ >
;C) Table 47 presents the results of the multiple regression,

analysis of Sample Two tenth-grade SPCT scores, AThé regression
v equation contained three predictor variables that .collectively

“\ accounted for 50.19 percent of the variance. The F-value for the

-

* equation was 8.73 with 3 and 26 degrees of freedom, which was

w 3

significant at p < .001. . s

¢

.The most important predictor variable was mathematics achieve-

tent, which accounted for 41.78 percent of the variance. The other

o o
T 2}

Ao + predictor variables, ip decreasing order‘of importance, were unified
%‘ science and matheﬁatics beyond algebra. It should be kept in mind
L that tenth-grade students in Sample Two were all from Milwaukie'
, : \Q , High School. . ~

ié\ | Rémoval of the most important predictor variéhle, mathematics
\ A achievement, from the list of independent variables and repetition

of the multiple regression analysis produced the results found in

e T

table 48. The second regression equation contained two predictor

~

: " variables thaqt collectively accounted for 38.24ﬁpqrcedt of the

A °

" variance. The F-value for the .equation was 8.36 with 2 and 27

b

degrees of freedom, wtich was significant at p < .005.
The most important predict;r variable wés‘mathemaf;cs beyond

. algebra, which accounted'for 34,98 percent of the variance. The

-

L

T4
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other predictor variable in the equation was earth and space

-

science, which had a negative regression coefficient and accounted v
. . . J
for 3.25 percent of the variance.
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TABLE 47

Sample Two Tenth-Grade M tiple Regression

of 13 Variables on SPCT Scores

r3 ——
' WULTIPLE R 0.70845
R SQUARE . 0350190 -
) ADJUSTED R SQUARE  0.,4&443
STANDARD ERROR | 269528 .
ANALYSIS DF VARIANCE  DF  SUM OF SQUARES  MEAN SQUARE F
REGRESSTON 3. ~ 190.32166 63e44ud5 3.7328Y
RESIOUAL ,f 26, . 188487834 7.26455
i b4
P
JARIABLES IN THE EQUATION :
VARIABLE ] . BETA { STD ERROR B . £
CATMATH 0.1981383 0.5238 0.07628 6,748 |
TYPESCH 2.749136 0.23198 1.7T1375 2.5
BYNOALG 1.964760 - 0e26031 1.45563 1.822

(CONSTANT) «0.8517552

cecvwemaeme—= VARIABLES NOT IN THE ECUAT ION

VARIASLE

CATREAD
CATLANG
SEX
AGE
., ELECSCI
. TYPESCL
TYPESC2
SMELSC2
CHEML
CHEM2

< VARIABLE

CATHATH
TYPESC4
- SYNDALG

¢

L d
.

BETA IN PARFIAL | TULERANCE F
=0.11418 =04 10440 Ve@lovl ~ Ge276
=0e22353 -0.16575 Vedh 293 Ue93

0.1209z 0,15567  0.751co Qo022
=0+32906 016069 Oelo 772 0601
-0.03282 ~0ed% 106 Ve T/ Y0% Veél

002489 0.03034 Oe Teudse 0e023
002404 =0e03034 Qe 19537 Vedad
«0,03¢82 <0 Q‘ 100 De 77904 , Qo042
-0.03282 «0.04100 Ve TT7Y0% [* 1YL ¥4
-0.03282

=0,04106 UeTTYo4 Velidl

SUMMARY TABLE

»
v

MULTIPLE R R SQUARE RSQ CHANGE SIMPLE R

0.64640 Oo4lTb4 ™ . CeelT84 0e64640
0.68337 04406700 Oeua9le 002500
0.T0845 0.50190 0.03490 0e59140
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- TABLE 48

-

Sample Two Tenth-Grade Multiple Regression of 12 Variab

ARD ERRDR

294522 .

P , on SPCT Scores with Mg'thematics Achievement Removed ~
v MULTIPLE R 0.61836 -~
PR R_'SQUARE 0.38237 ’
. ADJUSTED R SQUARE  0.33662

8

. F
ANALYSIS DF VARIANCE | DF  SUM OF SQUARES  MEAN SQUARE 8.35763
. REGRESS IDN 2. 144.99342 72.49671
: RESIDUAL | 2% 234.20658 8.67432
. ) | ) .
— ¥ VARIABLES IN THE EQUATION
. .
! VARIABLE | 8 BETA  STD ERROR 8 P
' BYNDALG 4177171 0456619 1.12675 13.744 -
TYPESC2 ~1.343838 -0.18215 1.12675 1422
. (CONSTANT)  9.247199 ’
- - A .‘ ' -
——————ceem== VARIABLES NOT IN THE EWATIDN —== :
VARIABLE . BETA IN PARTIAL  TOLERANCE N I
' CATREAD 0.064447 0404145 0.53671 0.045
CATLANG , 0012882 0.12483 0.58002 - : 0.412 g
SEX 0.04213 0.05292 0097464 0.073
- AGE ~0.13225  -0.14521 0.74461 04560
. ELECSCI 0.08410 0.09612 0.80680 ( 0+242
: “TYPESCL ~0.18289  =0.13094 0.31663 054
. TYPESC4 0:10998 «  0.13094 0.87561 " Qo454
R . SMELSC2 0.08410 0.09612 0480680 0.242
’ CHEM1 0.08410 0.09612 , 0.80680 0.242 °
CHEM2 0.08410  0.09612 0.80680 0.242
! - -
SIMMARY TABLE
VARIABLE MULTIPLE R R SQUARE RSQ CHANGE  SIMPLE R
BYNDALG 0.59146 0434963  0.34983 0.59146
. : TYPESC2 0.61836  0.38237  0.03254  =0.26071
' " ] »
’ i
. .S o
N~ O '
B ) L1607
: 1129
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1l1th grade . -

3

Table 49 presents the results of the multiple regression
analysis of Sample Two llth-grade student SPCT scores. The
regression equation contained four predictor variables that
collectively .accounted for 52.85 percent of the variance. The

; F-value was 23.54 with 4 and 84 degrees of freedom, which was

significant at p < .001.

The most important predictor variable was reading achievement,
A . . : £ (‘
which accounted for, 42.60 %ercent of the variance. The other
predictor variables, in decreasing order of importance, were

H

elective science,'earth and space science, and<physics. Earth and’

[ - P ‘- N

space science had a negative regression coefficient.

Y€

Remqpa;~of the most important predictor variable, reading

. .'achieVewent, from the list of.independent variables and repetition
b LS a &
of the,multiple regression analysis produced the results found in

l ’ ‘

table 50. " The new regression equation cqntained seven predictor

variables, and they collectively accounfed for 56.74 percent of the
\

. variance."The F-value for the equation vas 15.18 with 7 and 81 .

degrees of freedom, which was significant at p'< ,001. . .

- - a0
o

™ ‘ o The most important pﬁedictor variable was mathematics aohieve- -
ment; accounting for 36 23 percent of the variance The other v
S predictor Variables in the equation)’ in decreasing order of
S I importance. were language'achievement, physics, chemistry,-

t -

" Milwaukie High School', sex, anﬂ earth-and space scidnce,. Milwaukie

-

¥ . High “School and earth &nd space science both had negative .regression
~ . ~ - ‘ ’ hd

coefficients.
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The ekgmination of the 'simple correlation coéfficienfs and the *

results of the twd regression analykes emphasize tKE;importance of

academic schievemeng in reading, mathematics, and language as
predictor variables. Also of interest-is the digappearance of

elective seience from the second equation. Most of the importance

- - T

of elective science dg a ﬁredictpr was included in the chemistry

-~
and physics variables, which entefed the equation ig steps three and
» N 4

four. Earth and Space Science, a first-level science course, was a_
predictor variable with a negative correlation coefficient in both

equations. The sex variable in the second equation was a reflection

-

of males having significantly higher scores than females.

- >
-
.

’
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TABLE 49

v

Sample “Twq 11th-Grade4Mu1tip£e Regression
of 25 Variables on SPCT Scores

ANlL‘ISIS CF VARIANCE OF
“ REGRESSICN : 4
- .- . RESIDUAL

NULTIPLE R

¥ R SQUARE

+” AQJUSTED R SQUARE
STANDARD ERRCR !

’
.

.
| L]

’, «

0

- -
. - .

-t

AN -

\ - -

-

. VARIASLE
CATREAD

. % U - ELECSCI
TYPESC2

PHY2
SCONSTANT)

.
0.2548654
1487336
-6.408258
34536250
~-2.315553 «

SUM OF SQUARES

0.72693
0252849
0.50634
2.76191

-

[4

MEAN SQUARE

F
23.5380

1.67217

e e e VAR}ABLES NOT IN THE EQUATICN ————e———=-

VARTARLE

LATLANG
CATHMATH
SEX

AGE -+ '
CLACGKHS
MILH1
PUTHI
TYPESCL
TYPESC3”
TYPESCS
SHELSCL
SMELSC2
SMELSC3
SMEL SC#

* SMELSCO

8101
Al02
CHEN] -~
CHEM2
PHY1
8YNDALG

VARE ABLE
CATREAD

. : «ELELSCI

TYPESC2
PHYZ

SETA IN PARTIAL  TOLERANCE
0.20817 ° 9417535 0433458 _
. 0.17428- 0.17383. 2.4639%
0.08817 0.12292 0.91628 .
0.29874 0.13461 ' 003754k
-0.91933 =0.02745 0.93173
«0409624 ~0.13635 0.95332
* 0412320 0.17022 0.90207
=0.99292 =0,1291% 0.91146
-0.91575 =0402222 0.933851
2.1173% 0.1608% 0.68631
-0.09219 -0.12717 0.89720
0.07649 *  0.074él 0444164
9.1197¢% 0.1722% 0.37576
-0.03586 -2.117%4 0.88222
0.01830 0402173 0466478
=-0.137713 0416365 0466513
-0.1%622 *%.18459 0.65828
0.06462 0.05741 ¢c.51302 -
“ & 0.08294 2.08546 0.53753"
- 0.08981 0.08244 0.39731
0. 08601 0.09384 0.56132
SUMNARY “TABLE "
MULTIPLE R R SQUARE HRSQ CHANGE
0.65266 0042597 0442597
0.65460 0.47417 0.04821
0470951 0.50341 _ 0.02923
0.72698 0.52849 - 0.02509 ,

F
2.643
et

w 1.53
0.06
1.58
2.47
1440
0.04
2.20
1.36
0.46 -
2.53
1.16
0.03
2.28
2492
0.37
0.82
0.56
0.73

SIMPLE R

0.65266
0.%0948
~0.26284
0.29171

.

T17.74106 179.43526
64034883 7.62320
VARIABLES IN THE EQUATICN < b
* BETA STO ERRCR B F
0.55570%<° 0303632 45,253
e °¢15599 °¢6‘357 5¢3‘1 ‘.
~0.17291 2.79354 5,262
0.16338 40465

'?EMC - ]

Aruitoxt provided by Eic: »
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TABLE 50

Sample Two 1llth~Grade Multiple Regression of 24 Variables

.~

.

on SPCT Scoreg with Reading Achievemént Removed

RULTIPLE R

R SQUARE
ADJUSTED R SQUARE
STANDARO ERRCR

N REGRESSICN
°  RESICLAL -

B -

ANALYSIS CF VARIANCE OF

. M.

. . VARLABLE

"5, . catlaTH
CATLANG
PHY2.

' CHEM2
MILHI

SEX
TYPESC2
(CONSTANT)

-

VARIABLE

AGE
ELECSCI
CLACKHI
PUTHI
TYPESCL
TYPESC)
TYPESCS
SMELSC]
SMELSC2
N . SMELSC3
’ SMELSC4,
. SMELSCé
. 8101
. . 8102
. ‘ - CHEML

»

. "BYNDALG

’ VARIABLE

h CATMATH
- - CATLANG

|

SEX -
TYPESC2

PHY1 Lo

*

B

0.64219410~01
0.1565156
3.589896
le721517
~-1.335398
1.223163
=5.430617

—3.573%:5

~memecee—ee—= VARIABLES

B8ETA IN

0. 12039
=0,00842
‘~0.08722
Ve 38648
~0.02485
-3.0225C
0.05733
=0.07454
« 0e34984
0.11172
~0.98692
=J. 04416
.‘0. ;6266
=0.13796
~0.17564
0.07533
0.01491

UM CF SCJARES  MEAN SQUARS F
770,58120 110.08303 15177198
587450889 7.25316

. BETA

0.19672
0.41390
C.16566
0.1£355
=0416160
0.15608
-0. {4653

”
-

PARTIAL

016343
-0.00883
-0.10568
0.10698
-0.J3282
=J.03275
0.07146
~J.11029
0.00811
0.16419
=0e11403
«0,05065
=0.15J36
-0.13738
~0.0051}
0.07065

" 0.01543

N
0.75326
0.56740
0.53002

2.65318 ¢

VARIASBLES IN THE EQUATICN

’

SUNMARY TaABLE
\ 4
QULT!QL% R R SQUARE

J.6019]
0.63409
0.63636
C.70920
0.72682
0.73957
0.75326

035230
0.427533
0.47109
C.5C297
0.52827
1054697
056740

STO ERRCR &

0.04593
0.04901
1.6630¢
0.75263
0.62771
0.55842
2.77625

TOLERANCE

0.83980
0.47514
C.65376
+ 0.606168
0.75495
0.86430
0.67205
0094695
0.80771
“0.93326
0.74463
0.50%19

0.770264

0.79798 .
10,05944
0.37352
Ceb6cdd

RSQ CHANGE

0.3623C
0.06553
0004325
0.03188
0.02530
0.01¥70
0.02044

F ‘_:
\

*3.36
16.57

i
¥
1

445k

5.2%
ﬁ.SZ

¥

J
;

NOT IN THE EQUATION ———=————————

F

2.336
0006
"0.926
0'92‘
0.086
0.086
0.411
0.9985
0.373
26214
l'osh
. 04206
3.000
2.911
0.341
0.401
+0.019

SINPLE R

0460191
0.5919¢4
0.2917%
0.384606
-0.21885,
J.08740 *
~0.24234

"~

4.1
N 3-% 6

EMC . . .

RARl 1 7ox: Provided by ERIC
.

\

g

K 4
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* 12th grade «

* Table 51 presents the results of the multiple regression

v,

analysis of Sample Two thh—gradeystudent SPCT scores. The

?

regression equation contained three predictor variables that .
- N &%
collectively accounted for 59.36 percent of the variance. -The

F-value was 41.87 with 3 and 86" degrees of freeddm, which was

] . 2

significant at p <.001.
The most important predictberariable was matnematics achieve~

ment, ﬁhich acéounted for 47.91 percenf of the variance, The other

’ \

predictor variables yere reading achievement and Rex Putnam High .

School, which accounted for 8.40 and 3.p5 percent of the variance,

¥
-

respectively. ' ‘ Lo

.achievement and repetition'of the multiple regression’anaIisis

AN

¢ - .

produced the raSults found in table 52 The neW‘regressien equation . :

. 4 i

contained four predictor variables that collectively accounted for

~

56.82 percent,of the variance: The F—value for the equation.was

28.08 with 4.and 85 degrees of freedom, which was significant at

3 - . . . .

p <. 001. < ) ) .
— . ) o“ Y L) b
The most important predictor variable was reading achiévement,

.

which accounted for 40.90 percent of the variance. The other -

0
N

predictor variables in the equationm, in decreasing order of .. .

’

importance; were Rex Putnam HigﬂLSchool, mathematics heyond ?igebra;

and one semester of physics.

/ i ) .

4 " - < " -
. \ )
.

A ‘ i , . /¥81

\

Removal of the most important gredictor vardable, mathematics .’

v a
« 4
b ‘.
[ v
{ LY
.
Y
N 4
Yoy
Falld
.
e
N
K1
.
%
:
<,
Y oe
L4
M
-
v
*
-
~
Al L 754
.
Al
4 .
R
R«
\Y '




T

scores of Sample Two students revealed a strong relationship between

" analysis produced similar findings to the analysis of the sample as a

The use of multiple regression analysis on the total SPCT .

L4 o

academic achievement and SPCT scores. This relationship was
—{, .

éspecially,stnpng in the areas of mb;hgmatics and reading. Unified

science was the only type ofrfirst-lavel sciehce that was found ‘to

v L4

contribuue signif?cantly to accounting for SPTC variance. Sex, ‘ \

!

favoring males, was a contribueing predictor variable\x Elective

) ~ science.and one semester of physicsﬁwere other variables enteringy

into.af least one of the two total Sample Twb equations.
" Analysis of each grade levels' SPCT score§‘by means of regression . 1
’ 3
o .

C~

whole. In grades 10 and 12, mathematdics achievement was the most N

important predicéor. In grade 11, reading achievement accounted for '

.

the highest percentage of the variance. Unified science was a .t .

> -

positive contributor to the variance in the thh grade, while earth

and space science w;s_q_negafive contributor td the vardance in the ..
11th grade. Elective science was a predictor variable omly at the oy

-
> PR . «

llth-grade level. The only elective science course to aﬂpear in

more than one regression was physics, which was present at both the
{ . * . .

I11th and 12th grade levels. ~ ) .
. ]
) < J
e " . |
4 1
. \. -
* ] - ) . R
L
* <& *
9 IR e ‘.
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SN : ‘TABLE 51 e
\ T, ,
Sample Two 12th-Grade Multiple Regression -
, i of 27 Variables on SPCT Scores
. . NMULTIPLE R 0477044 ~
. ! . R _SQUARE 0459358
. . DIUSTED R SQUARE 057940

. \- . \‘x l)‘lD‘RD ERQ:R 24569738 .
. v . ~ , ' i
\ N . . |

, " ANKLYSIS CF VARIANC OF SUM OF SQUARES  MEAN SJUARE.

F
REGRESSION K . 829.46297 276.48766 41.86803
RESIDLAL 86, 567.92592 6060379
F h .
, = VARIABLES IN THE EQUATIIN 2 .
. 2 .
VARIABLE ) BETA STO ERRCR 8 F .
. < CATMATH , 001793543 0442200 0003746 22.944
CATREAD 0.1307762 0.41216 0402962 22,225
PUTHI 1526479 0.18262 060103 6.450 -
(CONSTANT) =7.707317
- ¢ - === VARIABLES NCT IN THE EQUATION —— e &
' VARIABLE BETA IN PARTIAL  TOLERANCE F
. " CATLANG 0.12934 0412672 439010 1.307 :
s . SEX 0.076848 0.12130 €.97089 ‘14265 ‘
) ) AGE -0.00583  -0.90876 - 2.9199) . 0.007 °
3 ELECSCI 0.13191 0.13161 Ce77C6% 2895
. CLACKHI 0.,06148 +  3.0828¢ ~ 0.73751 0.587
MILHT =0.06148  =0,03284 ' 2.73791 0.587 .
. TYPESCL -0.00967  =-0.01277 C.73860 0.014
1 TYPESC2 ~0.01162  =0.01753 0.96691 0.027
TYPESC3 0401642 0,602351 0483229 04047
o SMELSC2 0.07996° 0412094 0.92971 1.262 .
\ SMELSC3 o.ao:gz 0.00535 0.38780 ' 04002
SMELSC4 -0.,02586  =-0.03937 0.55670 0.132
. . SMELSCS . 0.03596. 0.05175 -  0.84181° 0.22¢
SMELSC6 0.C7700 0411449 0.83844 l.126 . ‘
SMELSC? 0.95373 0.08347 0.98084 0.59¢ .
. SMELSCS -0.01622  =0.02490 0.95772 0.053 .
- 8101 0.33721 0.05415 0.66079 0.25¢C .
8102 0.93721 0.05415 0.26079 0.25C .
. CHEML 0410592 0.13726 . 0.$8255 1.632 .
* . CHEN2 0.10592 0.13726 0.68255 1.632 v
PHYL ' 008244 0413571 °  0.66826 . 0.961 .
PHY2 0.08331 0.11429  0.76483 1.128
. ¢ . ADVCHEM 0.12817 0417963 0.79837 2.834 )
‘ BYNDALG 0.09468 0.10718 0.47%42 0.888 ,
‘ v " SUMMARY TASLE _ b
. VARTASLE NULTIPLE R R SQUARE RSQ CHANGE Lwre '
L~ s e CATMATH 0.69217 - 0.47910 0447510 0.69217
: . CATREAD 0.750%0  0.54310  0.C¥399 0.63955 '
et L. P PUTHI 0.77044 - 0.59358  0.03048 0.20737
]
s \ '“;‘ ) .
1 Q ' . o ’
. . - A )
.EMC »- . . + 2lul, ‘ . '
. " ' = ] ) § «
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' ' TABLE 52 ,
- ) Sample Two 12th-Grade Multiple Regression of 26 Variables i
. on SPCT Scores with Math ;ics Achievement Removed
) NULTIPLE R D.75648 ©
. R SQUARE 0.56924
ADJUSTED R STUARE  0.54897 *
,STANDARD ERACR 2.66114
. . »

.

. ANALYSIS OF VARIANCE  OF SUM OF SQUARES  MEAN SGUARE F
. REGRESSICA ' 795.44786 158,8616¢ 28,0812
RES10UAL 85, 6D1.96105 7.08166
! : . ' ‘ v
Sk
VARIABLES LN THE ESUATION
VARIABLE BETA STO ERRCR 8 £
CATREAD 0.2177713 0.48059 0,C3872 , 3l.632 .
, PUTHI 1.7535%92 0.2097y 0.62475 7.879
BYNDALG 2.044791 0.24860 0o 736458 8.422 .
PHYL " 1.663029 0.1¢882 0. 79566 4.369 4
‘ (CONSTANT) =-1.410043
- \
. . - -~ VARTABLES NOT IN THE EQUATION
o - vartaste % sera i PARTIAL  TCLERANCE F 9 .
‘ CATLANG 0.1764¢ 0.16734 0.28738 2.4
o SEX 0.08137 0.12157 0436516 1.26
: AGE -0.35569  =0.08232 0.50220 0e57
. : ELETSCI 0.10340 0.12789 0.65900 1.39
. CLACKHL 0.993583 0.13C1% 0.74701 lebé
©+ MILHI | -0.05883 | -0.13015 0.747C1 ledt
TYPESC] 0.06681 ' 3.25655 0.70202 0.27
TYPESC2 -0.91340 =C+020641 0.964201 0.03 .
TYPESC3 -0.03451 -0.06752 081668 0e19 \
‘ ) SMELSC2 0.08908 0413932 0.92128 1e4%
¢ SMELSC3 2.06703 9.09910 0496140 0.83
SMELSCé -0.06712 - =0.09775 0.91353 0.81
SMELSCS -9.01951 -0.01399 - 9.70911 0.01
SMELSC& 0426443 009023 0486475 0469
, SMELSCY 0eN1815 0.02127 0.98186 0.03 -
| SMELSCS ~0.01932  =9.02805 0.50822 0.0
* - . 8101 0.03054 _ 0.02976 0.86707 0.00
8102 0.00054 0420076 2484707 0.00
CHENI . 0.03¢u8 0.0931¢ 0.57583 0.81
‘CHER2 0.08688 qg.oqau 0457583 t Oe81
PHY2 ’003*773 =D.02661 0.13190 0a05%
Y ADVCHENL 0.13738 0.1an1 0.79217 3.064 4
r . SUNNARY TABLE. .
. VARIASLE NULTIPLE R R SQUARE RSQ CHANGE  SIMNPLE R
: . CATREAD %0.63955 0.40902 0.409€2 0.43955
. PUTHI 0.85653 0448515 0.07613 0.20737
. , SYNDALG 0.73966 0.56¢710 006195 0.56290 -
¢ . PHYL . 0e 75448 0.56924 0.02214 04646527
N
1
. * \ ’ . \
Q . ‘7a]’7

ERIC , : | oy S
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Schiool Differences in Academic Achievement
The importance of academic achievemént, especially in the areas

dffmathematicé and reading, to science process skill knowle&ge

becamé apparent as a result éf the examination of the qi?ple

cprrelatioqhéoefficients and the results of multiple regression -

0 : ‘/ .
analysis of the Sample Two data. One-way analysis of variance
(ANOVA) was ‘Qsd to identify any school differences in academic

achievement that existed in the areas of mathematils, reading, and )

language. :
N o . X .

-

CAT reading ; . ) . .

8

Table 53 presents th% ANOVA,rééults for reading achievement in

¢
the three schools. No significant difference was found at p <.05.

CAT language "

'Tablé 53 presents the ANOVA resultsjgor language achievement in
the three schools, gn& table 54 presents the one-~way ANOVA results for
ail‘possiblé pgirings between the three s;hools. The initial ANOVA
indicated that a significant difference existe& at p=.043. The
schopl compafison ANOVA'Q found only one significant difference.
Clackamas High School students scored significant{& higher (p;.010)
than did Rex Putpam High School s;udent; on the CAT total language

Y

measure. » “
A

CAT mathematics. .

Table 53 B%esents the ANOVA results for mathemagics achievement

* ‘{ - N
in the three schools. No significant difference was found at p < .05.

.

2US : .

4\~ Py -



Total Sample "Two Analysis of Variance of CAT Reading, Language,
and Mathematics Achievement Scores by School

TABLE 53

!

’ 186

1)

. ~

3

. READING )
- SUM OF MEAN
SOURCE OF VARIATION SQUARES DF SQUARE
MAIN EFFECTS 294 4,923 2 14T.%61
10 294.923 , 2 147.461
’
EXPLAINED 294.926 . 2, 147.463
RESIDUAL 15021.066" 207 72.566
TOTAL . 15315.992 209 ' :73.282
LANGUAGE ,
' _ SUM OF . MEAN
SOURCE OF VARIATION  SUUARES DF  SQUARE
MAIN EFFECTS 433.278 2 2164639
1D 433,276 2 216.639
EXPLAINED 433,281 2 2164641
RESIDUAL 14048.703 207 67.868
TOTAL 14481.984 209 69.292
MATHEMATICS
. SUM OF MEAN
SOURCE OF VARIATION ~ SQUARES DF - SQUARE
MAIN EFFECTS [ 186759 2 944379
1D 188.759 2 944379
EXPLAINED 188,762 2 94.381
" RESIDUAL 17901.371 207 86,480
TOTAL 18090.133 209 ° 86.556

SIGNIF
F - OF F

2.032 00134
2.032 0.134

© 24032 0.134

_+ SIGNIF
_F OFF

3.192 0.043
3.192 0.043

- 34192 00043

\

SIGNIF -
F OF F

1.091 0.338
1.091 0.338

1.091 0.338
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TABLE 54 °

) Sample Two Analysis of Variance of CAT Language Achievement ‘
, Scores by School Comparisons ’

CLACKAMAS VS MILWAUKIE .

’ Ay
SUM OF MEAN SIGNIF
SOURCE OF VARIATION SQUARES DF  SQUARE F OF F
. ﬂ i
: MAIN EFFECTS 1244694 ° 1  124.694 1.882 0.172. :
‘ . 1p 124,694 1 124.69¢ 1.882 0.172 o
| ’ .
. -\ EXPLAINED. © 1244695 1 124,695 1.882 0.172
RESIDUAL . - | 9805.977 148  66.257
. TOTAL. “ 7 9930.672 149 664649 ‘
CLACKAMAS VS _PUTNAM \ " C
: SUmM OF > MEAN SIGNIF .
SOURCE OF VARIATION SQUARES DF * - SQUARE - ~ F OF F. '
EEECTS 433,200 1. 433,200 6.900 0.010
"“':DE . 433.200 1\ 433,200 , 6.900 0.010
EXPLAINED 433.203 1 433.203 .6.900 0.010
RESIDUAL ) 3407.988 118  62.780
TOTAL 7841.191 119  65.892
MILWAUKIE VS PUTNAM . .
T " : SUM OF . MEAN SIGNIF
SOURCE OF VARIATION SQUARES DF  SQUARE F .OF F
MAIN EFFECTS 135.33¢ 1 135,334 1.840 0.177.
10 135.334 1 135.334 1.840 0.177
- _ 11
EXQPAINED 135.336 -1 135.336 1.840 04177 3
RESIDUAL 10863.539 148  73.537 | ,
‘ TOTAL 11018.875 149  T3.952 ,
‘ \
Q q; o i
ERIC ©10 \
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, . Regression Analysis of SPCT Variance
: . by School. '

. Clackamas High School

Table‘55.presents the results of the multiple regressioﬁ.
analysis of Sample Two Clackamas ﬁigh School SPCT.scoreg. The
regression équation contained three predictor'variabieskthat
collect@vely accounted for 44.16 percent of th; variance., The

F-value for the equafioh was 14.76 with 3 and 56 degrees of

freedom,. which was significant at p < .001. '

P

The most important predictor variable was reading achievemént,
-" accqunting for 32.98 percent of the variance. The other predictor

variables were two semesters of elective science and mathematics .

achievehent, accounting for 6,67 and 4.52 percent of the variaﬁcg,

respectively.

Removal.of the most important predictor variable, reading
| .
achievement, from the'list of independent variables and repetition

of the multiple regression analysis produced the results found in
table 56. The new equdtion contained three prgdictor variables that

collectively accoynted for 3%.76 percent’of the variance. The"*
t -
' F-value for the équation was 12.32 with 3 and 56 degrees of freedom,

v
.

which was significant at p <.001.

LY

N The most important'predictor variable was mathematics achieve-

ment, which accounted for 31.16 percent of the variance, The other

-

. . two variables in the equation were two semesters of elective scierice

. ana lgnguage achievement,. accounting for 6.17 ahd 2.42 percent.of the

v _ ‘variande, respectively. S ‘ ,
. ) * N < “:,
- . . ~ M \

\




-

. S . TABLE 55

B Sample Two Clackamas Hig‘t} School Multiplé Regressio,
( of 19 Variables on SPCT Scores )n
» , !
WULTIPLE R 0.66455
| - R SQUARE . Debbld3
- - ADJUSTED R SQUARE  0.41171
; - STANOARD ERROR 250381 .
. ] .
ANALYSIS OF VARIANCE OF SUM OF SQUARES » MEAN SQUARE F
REGRESSION 3. 277.66494 92.55498 14.76373
‘RESIDUAL : . 86 351.06839 6026908 ot
I i J . = . ’
VARIABLES IN THE EQUATION
\VARIABLE ) BETA STO ERROR 8 . E
CATREAD . 0e1456626 034323 T 005568 6eBuS
- SMELSC2 ' 14632560 023460 _0JT1T48 - 54177
CATMATH 0.1113108 0428096 0.05229 4.531

(CONSTANT) =2.122313

. -

VARIASLES NOT IN THE EQUATION

VARIABLE BETA IN PARTIAL  TOLERANCE ~ F
'  CATLANG 3 0.02069 0.01709 0.38098 0.016
oy SEX 0.06632 0.08465 090964 04397
’ . AGE~N 0.0261k9 0.03471 0.93107" 0.066
s sLeaicx -0.03985  =0.03270 0437560 *0.059
- TYPESCL =0.03135 . ~0.04191 0.99767 ~ 04097,
TYPESC3 0.03135 0.04191 0.99787 0.097
SMELSC4 ~0.07495 =0,09743 094357 0527
. SMELSC6 0.10609 0e13443 0.89661 ¢ 1012
SMELSCS =0.08649 ~0.11293 0.95202 0.711
8101 \  =0.03844  =0.04984 0.93852 0137
8102 =0.03844  =0.04984 0093052 0.137 .
CHEM1 0.07035 0.08559 0.82655 0.400
- CHEM2 - : 007035~ - ‘0000559 0.82655 04400 .
PHYL 0.00778 000947 0.82717 0.005 |
-7 PRY2 0.00778 0.00947 0.82717 0.005
BYNDALG 0.07341 0.07069 /:;3;7au 0.276
) Voo ) . SUMMARY TABLE - -
_ VARIABLE MULTIPLE R R SQUARE RSQ CHANGE  SIMPLE R
. CATREAD 0.57425 6.32977 . 0432977 0.57425
. SMELSC2 ' 0062964 039645  0.06668 0.37373
' ' CATHATH | 0.604S55  0.44263 | 0.04518 0:55825
] Y - ! e
\\ ! !
ﬁ A )
) (5]
212
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Sample Two Clackamas Eigh School Multiple Regression of 18 =
- Variables on SPCT Scores with Reading Achievement Removed

MULTIPLE R* . ., . 0.63057

. R SQUARE 0439762 . .
' ADJUSTED R SQUARE  0.36535
X STANOARD . ERRODR 2450061 ‘
. 0~ é : ‘
p _ ANALYSIS OF VARIANCE . OF "SUM OF SQUARES - MEAN SQUARE 3
« REGRESSION - 3. - 269.99624 8333208  12.32147
RESIDUAL - 56, T 3T8TITO9 T 6.76316

.
. 4 - 3

VARIASLESH IN THE EQUATION

- VARIABLE ] ® BETA STO ERROR 8 F
.\ .
CATMATH 01428647 0.36061 0.05564 64592
* SMELSC2 . 1690782 0.24297 0.7452% 5147
¢ CATLANG 0.93496220~01 0.20998 0.06228 2254 -

. (CONSTANT) ~0.8040989

-

et s o VAR}ABI.ES. NOT IN JTHE EQUATION

VARIABLE  BETA IN PARTIAL - TOLERANCE F
SEX 507639 0.08907 0.81890 0 < 443
AGE 0.06153 0.07493 0489344 0.311
_ELECSCI ~0.01476 . =0.01151 0.3660¢ 0,007
TYPESC) ~0,03552 =0.04564 ° . 0.99424 - Qe115
. . Tveesc3 0.03552 0404564 0499424 0.115
SMELSCé4 ~0.05082  -0.06350 0494043 0.223
" SMELSC6 0.13135 0.15702 0.086086  * 1390
SMELSCS -0.12590 -0.15862 095614 * 1e419
BID1 ‘004713 -0.05887 0.94003 . 0,191
il 8102 - “e0e04713 “0.05887 0.94003 ., 0.191
CHEM] 0.11684, 0,13634 0.82015 : 1,042
CHEM2 0.11684 0.13634 0.82015 - 1:062
PHYL 0.01992 _  0.02327 0,82228 0.030
PHY2" 0.01992 0.02327 0.82228 =, 0e030
BYNDALG 0.12290 0611586 0.53530 , Oe748
A ‘ SUMMARY TABLE C
VARIABLE MULTIPLE R ‘R SQUARE RSQ CHANGE  SIMPLE R
¢ v ! * . : "
CATMATH 0.55825 031164 0.31164 ., 0.35825
$MELSC2 0.61105 0.37338 0.06174 0.37373 .
CATLANG m 0.39762 0.02424 - 0450294 - |
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'

Milwaukie High School " Lo ' S [

v v

'~Table 5} presents the resultg of ‘the multiple regression )
-anélysis of‘Sample Two Milwaukie H}gh School SPCT scores. The
regress}on,equation contained g?o‘predictor variébles that together
accounFéd for 49.17 percent %5 the variance. The F-value for the
equatdon was 42.07 with g and 87 Aegfees of freedom, which was
ﬁ\igniftice‘a'nt at p <n‘.001.' .

The most iﬁpgrtant predictor variable was mathematics écﬁieve-

ment, which accounted for 46.16 perc:;t of the variance. The other

. . " N . ) b
predictor variable in the equation was six semesters of elective

.

science, which accounted for 3.0l percent of the variance. . N e

o ¢ [

Removal of the most important predictor variable, mathematics
achievemént, from the list of,independeﬂt variables and repetition
of the multiple reéression analysis produced the results found in
table 58. The ;e& regression equation contained §hree predictor
variables that coiiectively accounted for 44.37 percent of the
varia;ce. The F-value fof the eqﬁation‘was 22.66 with 3 and 86
§egrees of freedom, thch was significant at p <.001.

»  The most impor;ant predictor variabie was reading achierment,
wﬁiéh accounted for 37,16 percent of thé variance. The other two . .
predictor variables were matliematics beyond algebra and language

qphieéement, which accounted, for 4.Q5 and 3.16 percent of the ¥

variance, respectively.

[g)
P
e
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.TABLE 87 - ;

e t .

- Sample Two Milwaukie High School Multiple Regreésion o e .

ofF 22 Vgriab]:es* on_SPCT Scores =+ |

ANALYSIS OF VARIANCE

MULTIPLE R 0.70118

R SQUARE 0.49165
' ADJUSTED R SQUARE  0.47997

STANDARD ERROR 2,59872

'

——
-~

SUM OF SQUARES

MEAN " SQUARE F -

,®

oF
REGRESS ION . 2 568.24916 284.12458  42.0T177 ‘
RESIDUAL ] 87. 587.53973 - 6075333 - - -~
- LY
VARJABLES IN THE EQUATION o
VARIABLE s BETA STD ERROR B £ -
CATMATH 042694006 064434 0.03261 684266 ‘
SMELSC6 3.077090 0417695 1.35610 - Se149 .
(GONSTANT)  =3.193173 .
vu:gg;)es NOT IN THE EQUATION v
VARIABLE BETA IN ‘PARTIAL  TOLERANCE F
CATREAD 0.17598 0.15863 0.41410 26226
CATLANG 0.17682  0.17088 VebeT415 2587
SEX 10402658~ 0.03677 0497337 0.116
AGE «0.02453  =0.03381 0095420 ' 0.097
ELECSCI 0.10724" 013602 0085431 14695
TYPESC] -0.03353  =0.04523 0092465 " 04176
JYPESC2 “0.07735  =0.10775 | 0.98043 1.010 - ) v
JYPESC3 0,05680 . 0.07686. - 0.93059 0.511
TYPESCé . 0413078 0.18136 ~ 097766 24925
SMELSC1 ~0.06391  ~0.08863_ . 0.90189 0664
SMELSC2 0.07633 010293 0692442 0.921 . .
SMELSC4 0.03667 0.05085 0.97735 0.223 .
SMELSCT 0.11839 0.16584 . * 099751 24432 -
8101 0.05482 - 0.06203 ¢ 3.65031 0.332
8102 0.01232 0.01450 7 0070329 0.018
CHEML 0.05678 0.07014 ' 0,T7551 02425
CHEM2 0.05678 ° 0.07014 : 0.77551 0425
, PHYL 0.09651 0.12964 0.91736 1.470
PHY2 0.09651 012964 ’ 0691736 1,470
BYNDALG 0+13917 0.14528  0.55394° 1,854
* £ o N
- 2 \ o : ‘
SUMMARY TABLE )
[ VARIASLE MULTIPLE R R SQUARE RSQ CHANGE  SIMPLE R
T CATMATH 0.67939  0.46157 ° 0446157 0.67939
SHELSCH “ 0.70118 . 0.49165 0.03008

0.30459 -
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- TABLé 58

Sample Two Milwaukie High School Multiple Regression of
21 Variables on SPCT Scores with

-

Mathematics Achievement Removed f

X

' MULTIPLE: R 0.66609
R SQUARE 0.44368
ADJUSTED R SQUARE  0.42¢27

. STANDARD ERROR .

. C s

2.73435
' \

N

\
" MEAN SQUARE

10

* ANALYSIS OF VARIANCE OF  SUM OF SQUARES F..
REGRESSION 3. 512.79634 17093211+ 22.862
RESIDUAL | 86. 642.99255 . Te4T606
- VARIASLES IN THE EQUATION - ‘
VARIASLE . 8 "« BETA STD, ERROR B F
+CATREAD 009391654001 0.20787 0.06748 14937
BYNDALG 1.917902 0.26753 0a74516 80625
CATLANG 0.1221015 0.29268 0.05522 4.889
(CONSTANT) =1.119376 . )
) N - - "' -~
————eenee——ee YARIABLES NOT IN THE EQUATION
~ 6’

VARIABLE BETA IN PARTIAL - -TOLERANCE F
"SEX 0.00173 0.00223 0.92331 0.000
AGE 0.02379 0.03027 0.90073 0.078
ELECSCI 0.09892 0.12148 0.93907 ' 1e275 -

. TYPESC1 0.00623 0.00828 0.98406 0.006

*  TYPESC2 «0,09367 -0.12185 0.94147 1.281
TYPESC3 0.04126 005427 0.96231 0.251
TYPESC4 0.08595 0.11238 0.95097 1.087
SMELSC1 /004119 ~0.05404%  0.95T74 0.249 .
SMELSC2 0,04581 0.05966 - 094367 0.304
SMELSCé4 =0.,01487 «0.01949 0.95463 0.032
SMELSC6 0.12693 0016046 0.88902 (24245
SMELSC? 0.05561 0.07294  0.95706 0455 -
8101 0.02215 0.02774 0.87226 0.065
8102 0.00274 0.00355 0.93179 0.001

N CHEM1 0.06765 0.07880 °  0.75471 ° 0.531
CHEM2 0.06765 0.07680 0.75471 0.531
PHYL 0412894 . ,0.16434 0.90372 24359
PHY2 0.12894 0.16434 0.90372 24359

SUMMARY TABLE
vanxaotg MULTIPLE R R SQUARE RSQ CHANGE . SIMPLE R
‘ - .
\ v . .

. CATREAD 0.60958 0.37159 0.37158 0.60958 .
SYNDALG O» 64191 0441205 - 0.04Q%7 0.54156 .
CATLANG 0.66609 O 44368 0.03163 0.58795

'3 ¥ .
7 { .
10 *
234:&)
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A

Rex Putnam High School

»

Table 59Apresents the results of the multiple regression .
e
analysis of. _the Samplé Twd Rex Putnam High School SPCT scqresa‘ The -
Y . : .
{

fegiession eauation contains four predictor Variables that coiigc— .
) i -all % e,
tively accounted for 70.43 percent of the-variance, The F-value

for the equation was 32.15 with 4 and 54 .degrees of freedom, which

N

- | was significant ‘at p < .001. ) : - o

~

The most’important predictor variable wag reading achievement,

‘which accounted for 52.00 percent of the variance. The other -
) ‘ : \
predictor variables, in decreasing order of importance, were

.

chemistry, gfx, and mathematics achievement. Males had significantly

higher scores. than females. Y ' ) o

-

Removal of the most important predictor variable, reading
achievement, from the list of iridependent variables and repetition

of the multiple regression analysis produced the results found in

table 60. The new regression equation containedssix variables that

L

%%ilectively accounted for 72;89 percent of the variance. The '

. F=value for the equation was 23.31 with 6 and 52 dégrees of freedom,

.

_which was significant:at p <.001. - e

. The most important;predictor variable was.mathematics acpiéye—
ment, which Qccoﬁnted for 42.45 percent of the variance. The other
predictor vatiables, in decreasing order of imﬁortance; were

language achievement, sex, chemistry, one semester pf_bhysics, and
[ Y -

v » N
one gemester of chemistry,

.
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\/ : “ The unusually large percentage of SPCT variance accounted for
. ’ . ) ) f

i »

by each of’these qegiession equatiéns is worthy of‘commept. It is

reasonable to infer that studedt scores weré reflecting levels of °

A !sciegce process skill knowledge coﬁmensurate‘with their achievement

. . level in reading aﬁd mathgmatiés.' The.science instruction, both at
. -

- ) the required and elective ‘level, at Rex Putnam‘High'Séﬁool'had

.ot effectively ﬁrovided the opportunity for this learning to occur.
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Sample Two Rex Putnam High School Multiple Regression

of 23 Variables on SPCT Scores

MULTIPLE R o.l3921
R .SQUARE 0.70428
AR ADJUSTED R SQUARE  0.68237—

> .

" 7 7 "STANDARD EMROR 7.7 T "2.59500 -

. ANALYSIS OF VARIANCE DF  SUM OF SQUARES  MEAN SQUARE
.REGRESSION  ° 4. 866.02386 216.50597 3215102
. ‘RESIDUAL T 54. 36363716 6073402 \
— * .
. ¥ \«‘ N
Fooc . *
S . —— VARIABLES IN THE EQUATICGN
VARIABLE ) BETA STD ERROR B F
CATREAD $2277007 0447935 0.04377 27.060
CHEM2 2.48972% ¢ 0.26112 0.84378 8.707
> SEX 2.319960 0.25111 0.68649 L1421
CATMATH 0.87591920-01  0.20926 0.04236 4e276
(CONSTANT)  ~5.441268 . .
VARIABLES NOT IN THE EQUATION .
‘ VARIABLE . . BETA IN PARTIAL  TOLERANCE F
‘ CATLANG. [ 0,21016  + 0023016 —0.35474 2.965
AGE . =0s01092  ~0.01919 0.91321 0.020
ELECSCI. . 0,02979  0.03589 0.42926 . 04068
TYPE ~* 004650 0. 08345 0.95237 0.372
TYPESCH “0.04650  ~0.08345 0.95237 ° 0.372
y SMELSC1 «0.07045  ~0.12725 096470 0.872
SMELSC2 0504022 0.07312 0.97724 0.285
SMELSC3 || 0.03937 , 0.06865  0.89911 0,251
SMELSCA. -0.05377 " =0.08282_  0.70152 0.360
SMELSC5 =0.05670  =0.09448 0.82111 0.477
SMELSC6 0.03971 ~  0.06891 0.89057 ° 0.253 .
SMELSCS  _...0.08324 ‘014797 0.93438 - 10186
. s101 [ =0404384  =0.07363 - Q.83433 ' 0+289
8102 ! =0402059  =0.033%76 0.79530 0,060
: CHEM1 |, 029355  =0.14142 ‘0e068b% 1.082
PHYL 0921273 0.16697 0.64072 1.520
PHY2 000635 0.16191 0.63544 1e427 ‘
ADVCHEM1 0.02520 0.04056 0.76607 0.087
. BYNDALG 0.04014 0.04726 _ 0.41000 04119
. UMMARY TABLE -
’ * )
. VARIABLE ~MULTIPLE R R SQUARE RSQ CHANGE  SIMPLE R
{ ) )
- catnsﬁb \ «T2111  0.52000 ' 0452000 o.72111 '
GHEM2 VL Lv0.T8366 | 0461412 0009412 0456066 -
/SER 0.82514 0.68086 0.06674 0.30218
T %CAtﬁAru 0.93921  0.70626 002342  ,0.65150°
N
’ . ’ o
, 219 |
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) °  TABLE 60

}

‘Sample Two Rex Putnam High School Multiple Regression '
of 22 .Yariables on SPCT Scores with ‘
CAT Reading Achievement Removed

<

- : ..

. -« MULTIPLE R
. <2’ .. R "SQUARE

. ADJUSTED R SQUARE

L STANDARD ERROR

L I A

[

L NIrSs

¢

VARIABLES IN THE EQUATION

- , VARIABLE ‘& 8 BETA
. ~ ¥ R A )
CATMATH 0.71515920-01 0.17086
.. ' GATLANG 0.2551764 -~ 046276
SEX - 2.877195 0431149
* CHEM2 7.320739 0.76T778
PHYL 2.519936 0.24035
© CHEML =5,485531 “0.58105.
. , (CONSTANT) =6.064087

. — VARIABLES NOT IN THE EQUATION

0.85378
072394
0.69766
2053176

MEAN SQUARE

ANALYSIS OF VARIANCE  OF SUM OF SQUARES e
REGRESSION - . b 896.3490606 149.391061 23,30663
RESIDUAL 52, 333.31136 6.40933

STD ERROR 8

0.04268
0.04767
067904
T 268886
1.00308
. 207580606

»

F

2.808
290331
17.961°

Te4ld

00249

3,954

Y

VARIABLE BETA IN: , ~PARTIAL  TOLERANCE F
AGE ~ 0.00668 0.,01199 0.87305 0.007
ELECSCI  ~V =0.05645 «0.060690 0.35515 0.229
1'?ESC3’ 0.09636 ! Oel8264 0’97b°2 LeTEH
7Y’ESCQ =0.09636 =0el&20% 097602 o264 .
SMELSC1  =0e09442 ~0.176803 090351 1669
-‘SMELSCZ . * 0e044T2 0.,07681 0o bulTe 0.319
SMELSL3 - 0.04438 0.07988 0.377948 Deded
SﬂELS;Q ‘0003611 «0.05463 0e061853 Oel53
SMELSCS = . =0013419 «0e21093 — 0Oe00%09 2.375
SMELSCO .. =0.01003 ~0.01827 0.80093 0,017
SHELSCS 0.10756 0.19868 0.92300 2.09)
8101 =0.04465 -0.07831 0.83369 -, 04315
8102 =0.01229 =-0.02116 0.80245 0,023
pHY2 . -0.06117 «0.05853 ODozbel2 * 0ed?>
. ADVCHEN] 0.03708 0.06275 0.75104 0,202
. BYNDALG 0.02282 °  0.02728 0438751 0.038
4 B
. SUMMARY TASLE
VARIABLE MULTIPLE R R SQUARE RSQ CHANGE  SIMPLE R
. CATMATH 0.65150 0.42445 042445 0.65150
CATLANG : 0.73676 0.54281 0:21%36 o;ozszv
- SEX 0.78862 0.62192 0.07912 0.30218
CHEM2 ¢ 0,82970 0.64850 0.006658 0560066
PHYL 0464162 0.708233 0.01982 0.47690
CHEML 0.85373 00,7289 0.02061 053769
N T




. 198

Summary
The multiple regression analysis of Sample Two data by
schools again revealed a strong relationship between academic
achievement and SPCT scores, This relationship wa\s especially -
sErong for reading and mathematics achievement. At Clackamas and
Milwaukie High Schools, having completed two or gix semesters of ‘
élective science was a consistent predictor variable. At Rex Putnam
High School, specific elective courses entered thf equations as
stronger predictors than’paving elected sciénce" or "elected a
\ cegtain number of semesters of science." Chemistrf was the most
important elective course, followed by physics. “
Sex wag only a predictor variable at Rex Putﬁam H;gh Scho;lﬁl
Sex was reasonably strong, accounting for approximately seven
¢ _ percent of the»varianée, and favored males.
No first-level scieénce courge entered gny of the regression
equa;i;ns. At Rex ?utﬁam, however, this would be expected since
. .
- | all students complete the samé first-level course. Of particuiar e

interest is the absence of biology as a predictor variable either =

in the rolé of a first-level course or elective science course.
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SPCT Differences Between.fchools ' ’ ~
Possible significant\adjusted SPCT score differences between
schéois were Egsesse& b; the use qf the analysis of ‘covariance
(ANCOVA) procedure. Table 61 presents the results of the ANGOVA
of SPCT scores by ;ohébl ﬁiiﬁ'ﬁathggatiééhéchie&e&eﬁf,réégding ' ’
achievémént, lh;gu;;e acﬁievement, sex, and age as covariates,
The g;and mean for Sample Two students was'12.11. The adjusted
school means were 12.00 for Clackamas, 11.37 for Milwaukie, and 13.33
for Re¥ Putnam.‘ Significant differencks were indica&ed at p < .001.
Tables §2 through 64 present the resul#s of the ANCOVA of fhe
SPCT scores for all possible pairin}s of the three schools. Rex
Putnam students' SPCT scores were found to be significantly hiéher
than those of both Cla;kamas studenfé (p=.004) and Milwaukie students
C(p <.001). ¢ ‘. -«
The findings indic;te that the science program compssed'of a
. first-level Unified Science cou;se and elective courses at Rex
Putnam High School prodyced students Yith significaétly higher

.

adjusted SPCT scores than the science programs at Clackamas and

" Milwaukie High Schools.
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TABLE 61

Total Sample Tyo ANCOVA of SPCT Scores by School with
Mathematics Achievement, Reading Achievement,
‘ Language Achievement, Sex, and Age
" as Covariates

Lo e - —

SUM OF " MEAN _ SIGNIF : 7
. SOURCE OF VARIATION SQUARES DF , SQUARE F OF F -
COVARIATES © 1638.287 5 1327.657 45,930 0.000
' CATMATH 285.480 1 285.480 40.018 0,000
CATREAD o 95 .475 1 95.475 13.383 0.000 '
CATLANG 9.151 1 94151 1.263 0.259 . :
( SEX : 37.791 1 37.791 .5.297 0.022
\ AGE . ‘ 12.864 1 12.864 1.803 0.181
‘ \ \ @
MAIN EFFECTS 123.133 2 61.567 8.630 0000
1D . 125.133 2 5&.567 8.630 0.000
EXPLALNED 1761420 T 251.631 35,273 0,000
.  RESIDUAL 1441 T34
T0TAL . 3202 45| ) 15.323 .
A
GRAND MEAN = 12,31 / ADJUSTED FOR C
: . - JINDEPENDENTS '
WNADJUSTED  + COVARIATES
VARIASBLE + CATEGORY. N DEV'N ETA OEV'N BETA | )
oy _Ip . o C « .
1 CLAC‘A"AS 60 . 0032 ’ "Q Qll . o
: . 2 MILWAUKIE 90 ~0.92 v w0.7%
s - | _ ) 0.22 0.21
MULTIPLE R SQUARED . , 0.550 )

MULTIPLE R - RN 0.742
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A
/

Sample Two ANCOVA on SPCT Scores by Clackamas and Rex Putnam
High Schools with Mathematics Achievement, Reading
Achievement, Language Achievement, Sex,
and Age as Covariates

SOURCE OF VARIATION
COVARIATES
CATMATH
CATREAD
CATLANG
SEX
AGE

MAIN EFFECTS
iD

EXPLAINED
RESIDUAL 3
TOTAL

GRAND MEAN =

VARIABLE, + CATEGORY

ID
1 CLACKAMAS
3 PUTNMM

" MULTIPLE R SQUARED .

MULTIPLE R

12.80

SUM OF
“SQUARES
1036.796

152.551

87.884

. 3.820
.55.080

1.485

62.374
623 T4

1099.170
814.020
1913.190

—N

60
60

"MEAN
DF - SQUARE
5 207.359
1 152.551
1 87.884
1 3.820
1 .55.080
1 1.485
1 62.374
1  62.374
6 183.195
113 7.204
119  16.077
UNADJUSTED
DEV'N ETA
~0.37
0.37
0409

SIGNIF
F- OFF

28,785
21177
12.200
0.530
Te646
0.206

8.659 /

25.431

0.000
0.000
0.001
0.468
0.007 "
0.651

0.004
0.004

0.000

L4

'ADJUSTED FOR
INDEPENDENTS
+ COVARIATES
DEV'N BETA

-0.78
0.78
0.20

0.575
0.758

. ?

2l
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3 ’ TABLE 63

Sample Two ANCOVA on SPCT Scores by Milwaukie and Rex Putnam
High Schools with Mathematics Achievement, Keading
Achievement, Language Achievement, Sex, R4
and, Age as Covariates '

. : . sumcF MEAN .  SIGNIF
SOURCE OF VARIATION SQUARES DOF SQUARE F  OFF
’ - h e
COVARIATES 1391.750 5 278.350 37.713 0.000 S
CATMATH 2634638 1 263.530 35.359 0.060 | :
« CATREAD 05.421 1 65.421 .364 0,003 T
CATLANG Be244 1 84244 1.117 "0.2%2 B
SEX 32.119 1 32,115  4.352 $.036 ) )
AGE 14.373 1 14373  1.547 0.145
MAIN EFFECTS 117.717 1 il7.717 15.549. 0.000
10 117.71¢ 1 -117.716 15.94S 0.000
. EXPLAINEC 150Ge46& . 6 251578 34.085 (0.000
RESIDUAL 1055.457 143 (70381
. o .
e TOTAL . 25644923 149 17.214 -
x'/f‘?" . '
»
g ‘ ’ . ) -s......,l . . PN
GRAND MEAN = 11.98 ' ~ ADJUSTED FCR —
. ) INDEPENDENTS
- | UNADJUSTED ° # COVARIATES
VARIABLE + CATEGGRY N DEV'N ETA DEVIN  BETA.
10 ¢
2 MILWAUKIE 50 ~C.79 -0.78
3 PUTNAM: 60 1.19 o117 . :
. \ : 0.23 , 0423 c,
- MULTIPLE R SQUARED - ] , 0.58%

MULTIPLE R~ 07767
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TABLE 64

Sample Two ANCOVA on SPCT Scores by Clackamas and Milwaukie
High Schools with Mathematics Achievement, Reading
Achievement,. Language Achievement, Sex,

and Age ‘as Covariates '

L .Y v SUMOF MEAN SIGNIF
SOURCE OF VARIATION 'SQUARES © DF  SQUARE F  OF F
COVARIATES 850.582 5 170.116 25.029 - 0.000
CATMATH 113.944 1 113.944 16,764 0.000
CATREAD . 37926, 1 . 37.926 5.580. 0.020 “
. CATLANG 10,898} 1  10.890 1.602 0,208V °
- SEX \ 86361 1 84636 1,271 0.262 .
- AGE 4.063. 1 4,063 0.598 0.441
MAIN EFFECTS 17726 1 17.726 2.608 04109
10 'y 17.7T24 1 17.724  2.608 00109
EXPLAINED 868,306 6 144.718 21.292 0.000
RESIDUAL ‘ 971.951 143 . 6,797
TOTAL 1840.257 149 _ 12.351 -
GRAND MEAN = 11.69 - ,ADJUSTED FOR
S INDEPENDENTS
. . _ UNADJUSTED .+ COVARIATES
VARIABLE ¢ CATEGORY N 'DEVSN ETA  DEV'N  BETA
iD , . '
1 CLACKAMAS 60 0475 045 \
2 MILWAUKIE 90 ~0.50 ~0.30 ’
0.17 0.10 <
MULTIPLE R SQUARED | | 0.472 .

MULTIPLE R ° ) _ 0.687
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Analysis of SPCT Scores for Students
' . Electing No Science - e -

- . -

Total sample R . (C
Table 65 Presents the results of an ANCOVA of éample Two
student SPCT scores(for those students who electéd no science after
'the requ%red yéar. The ANCOVA:wag;fqr SPCT scéres by year with
mathemgticg’aéhievement, reading achievement, language achievement,
sex,uahd age as covari;tes. The unadjusted:meah of ﬁﬁe SPCT
scores for the 121 students who had not elected any science was \ 3’
i0.§6. The unadjusted‘means for each o{ the grade levels were
i0:83 for the 10th érade, 10.55 for the 11th grade, and 10.72 for
;,'the 12th .grade. The difftrences between the unadjusted mians were
no£ significan; at p =< .05, The adipsted means for each grade level
wer? 10,52 for tﬁe 10th grade (N=24), 10.57 for the 1llth grade

[

(N=54), and 10.85 for the 12th grade (N=43). The differences between .

. - .

the adjusted means were not significarit at p =<.05.°
N ,. f : } AR
Clackamas High School :
Table 66.present§~the results of an ANCOVA of the Sample Two

Clackamas High School student SPCT scores by year with math;matics
achievement; reading achievement* language achievemené, séx, an}\‘
age as govgriates. The hnadjust;d mean for tFe 33 Claqkayas students:
not electing any science after the required year was 11.33. The

" ) . . .
unadjusted means for each grade level were 11.16 fo: the 11th grade

.57 for the 12th grade. The difference betﬁeén the unadjusted
! '
means was not significant at p £,05. The adjusted means for each

. “ . ' ’

-and 11
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.

grade leyel were 11.68 for the llth grade (N=19)' and 10.85 for the

 12th grade (N=14). The difference between the adjgsted means was ‘ N

’

not-significant at p 5. .05,

-

' Milwaukie High School ‘ / ‘ | -

Table 67 presents the re:;ults of an ANCOVA of ‘the S;mple Two
Milwaukie High School stqdent' SI"C’{ scores by year with mathematics
achievementk, ’reading achievement, languagej achievement, sex, and age
as covariates. The unadjusted mean for the 58 Milwaukie students

not electing any.science af'ter the required year was 10.29. The

. . ‘
unadjusted means for each grade level were 10.83 for the 10th Qrade, ¢

. ‘ ) [ - .
9.90" for the 1llth grade, and 10.00 for the 12th grade. The

differenceé between the unadjusted ﬁear;s were not significant at

p £.05, ' The adjusted means for each of the grade levels were 9.99
for the 10th.grade (N=23), 10.12 for the llth grade (N=20), and

10.97 for the 12th grade (N=15). The differences between adjusted r

°
I3

means were not significant at p =.05.

Rex Putnam High School °

Table 68 presents the results of an ANCOVA of the éample Two
Rex Putnam High School student SPCT scores by year with mathematics

achievement, reading achievement, language achievement, sex, and age

. as covariates. The unadjusted mean for the 30 iRex Putnam students

not electing any science after the required year was 10.63. The
unadjusted means for each grade level were 10.63 for the 1lth grade‘

and 10.64 for the 12th grade. The difference between the unadjusted
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means was not significant at p £ .05. The adjusted means for each
. grade level were 10,56 for the 1lth grade (N=16) and 10.55 for the  °
. 12th grade (N=14). The :iifference between the adjusted meaﬁs was

not significant at p X .05.

Summary

. .

No significant differences at p =<.05 were found between

either the.unadjusted or adjusted SPCT scores of students at

- . 4
! different grade levels who had elected no science after their

required year. This was found to be the case for the total sample

as well as within each of the three schools. ' . .

* £

/

229
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TABLE 65

w

Samﬁle Two ?tudénts Not Electing Science ANCOVA by Year
with Mathematics Achievement, Reading Achievem%nt,
Language Achievement, Sex, and Age as Covarilges

R v °

: | LSUM CE . MEAN. . SIGNIF
SOURCE OF VAKIATION SQUARES OF  5QUARE F GF F

COVARIATES 447.451 89.490 11.054 0.00C
CATMATH ! 57.534 * 37.53% 7.1327 0.90%5
CATREAD ’ 10.237 - 10,237  1.265 04263
CATLANG , 34,625 344635 44278 0.041
AGE - 2.502 "2.502 0.3%8 0.551
SEX ' 19..329 19.226  2.338 0.125

. o ‘ : . C

MAIN' EFFECTS 0.862. .2+ .0.431 0.053 0.748

YEAR. - .- 08627, 0«431 0.053 0.948

’

EXPLAINED " 448.314 7 64045  7.511 2.000
RESIDUAL ' 914.781 113 8095

TOTAL " 1363.095 120 | 11.359

. S
GRANL MEAN = 10e060 ' ' ADJUSTED FCh
< . INUEPENDENTS

. . UNACJUSTED + CCVARIATES
VARIABLE + CATEGORY DEV'N ETA . CEV'N  BETS

YEAR .
' . 0 GRADE 10 0.30 -0.14

1 ‘GRADE 11 . -0.18 -0.C9

2 GRACE 12 0.C6 0.19
’ . 0.05 . 0.04

MULTIPLE R SQUARED \ . 0.329
MULTIPLE R _ £ 0.573

7 4




‘MULTIPLE R S~ ' o , 0.440
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, TABLE 66 . .
\ Sample Two Clackamas High School Student:s Not Electing Science
ANCOVA by Year with Mathematitsé Achievepment, Reading
Achievement, Language” Achievement, Sex, and IAge' '
as Covariates
e : SUM CF MEAN SIGNIF
SOURCE OF VARIATION SQUARES DF  SGUARE  F CF F
COVARIATES 47.892 5 9.578 i.216 0.33p
. CATMATH ¢ 11.932 1 11.532 1.507 0.231°
CATREAD i 5.600 1 5.60C 0.707 0.408
CATLANG '10.057° 1 10.057 11270 0.270
AGE 15,677 1 15.677  1.%60 0.171
SEX - 5¢443 1 5.443 GC.0687 0.415
\ MAIN EFFECTS - 1a598 1 1.598 _0.202 0657
YEAR © 1.598 1. | 1e558.  0.202 04657
EXPLAINED . 494450 6 -8.248 1,042 0,422 "
.. ﬁesxouAL - 205.842 26 . T.917,
TOTAL - _ 255,333 32 7379
e’ - .
. GRAND MEAN =7 11.33 : \ . ADJUSTED,_FCR
\ . > INDEPENDENTS
- : . UNADJUSTED  + CCVARIATES
. VARIABLE + CATEGORY A DEV*N ETA . DEV'N  BETA
© - YEAR N A
1 GRADE 11 15 -0.18 - 0.35
’ 2 GRADE 12 L 0.24 - ~0e48 *
: ) 0.07 .o 0.15
MULTIPLE R SQUARED I . 0.154
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. TABLE 67 . §

Sample Two Milwaukie High School Students Not Elegting Science 5" S
with Mathematics' Achievegent,

Reading Achievemens ‘Language Achievemept .Sex, and lge ; - ol

ANCOVA of SPCT Scores by Ye

as Covariates

‘ v
v
v
()
209 > “ ¢ * L
Ia ) <&
o
.
¥ et

o Lt . . .

SOURCE OF VARIATION SQUA&ES DF.
COVARIATES‘ ', 300.892 .“5

. SEX- - w . e 3 0008

MAIN . EFFECTS

EXPLAINED

TOTAL~

VARIABLE 3 £ATEGGRY LR

YEAR © g 0 neh,
I '. - ."'-

~ SUM b#'“ MEAN

SQUARE

¢ KN

“60.113
92,699
14 0198
 § 8&955
1 ..7:10.55%
1
2

CATMATH . "% - 924699 1-
CATREAD .~ = '~ 7 0%l98

CATLANG %+ % 8955 37
AGE ‘:'. ; 0554 "

-~

T .008

_ 3;622
‘~"‘;' 30621

3y

e

YEAR.

‘ -

N2
304.514t 7 434532

S '.'a

CRESIDUAL- .- .o 7 411.499é 50 L 3.359;,.
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mmxzn 68 ~_,,/'

‘ Sample Two Rex Putnam-ﬂigh School Students Not Electing Science
. ANCOVA of ‘SPCT Scéres by Year with Mathematics Achievement.,
Reading Achievement,’ Language Achievement, Sex, and Age

- as Covariates
SUM GF  MEAN . SIGNIF
SGURCE OF VAKIATION SGUCARES DF . SQUARE F GF F
COVARIATES. 271.683 5  4%.337  7.122 0.003
CATMATH 104000 1 C.000 0.000 0.597
CATREAD = 13%668' .1  1B.9€3 34047 0.065
CATLANG L ses22 1 _Se422 1.513 0.232
T AGE 0.455 1 '0.456 0.073 0.789
SEX 43,976 1~ 49.578 8.028 0.01C
MAIN EFFECTS . 4.318 2 20159  0.347 0.71l
YEAR 4.318 z  2.159. 0.347 0.711
EXPLAINED 2262001 T 32,286  5s186 0001
A .. ’ \ B \
RESIDUAL . 13&.965 ) 2P g z(;
' v o A i
ToTAL . 352.966 25 ~«dEi516 L
¢ e ! \ \; o S
GRAND MEAN = 10463 ' ADJUSTED FCR
, : INDEPENDENTS
S UNADJUSTED  + COVARIATES.
VARIABLE + CATEGCRY M DEVIN ETA DEV!N  BETE
/ ° ' N - . °
YE‘B ’ A . . ) -
0 GRADE 10 .1 3.37 2.15
1 GRAQE 11 15 -0.23 -GCeu?
3 GRAD® 12 - la  +  o.01 ~0.08 {
* 0.18 ' 0.12"
'MULTIPLE R "SQUARED o 2 - . 0.623
MULTIPLE'R Co : C.785
~ : L7
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\ Analysis of SPCT Scores for
Students Electing Science

Total Sample

5 . .
Table 69 presents the results of an ANCOVA of the total

K}

Sample Two student SECT scores for those studedts.who elected seience

after the required year. The ANCOVA was for the SPCT.scores_py year
with maihematics achievement, reading achievement, ;anguage achieve-
ment, sex, and age as eovariates. Tﬂe unadjusted mean of the SPCT -

- scores for the 89 stddfats eiecting‘science’was 14,08. The

unadjusted means for each grade level were 13.29 fer the 10th érade,

13.8? for theillth grade, aad 14.34 for the 12th grade. The

differencesvbetween the‘§nadjusted means were not- significant at

p <.05.7 The adjusted means for each grade level were 12.87 for

vy -

the 10th grade (N=7), 14.07 for the llth grade (N=35), and 14.27 for

the 12th grade (N-47) The diﬁferences between the adjusted means

’
.

~ were not significant at p -..05. o .

PR,

L4 P,
L4 JEE—— - -

Clackamas High School

-~

Table 70 presents the results of an ANCOVA of the Sample Two
Clackamas High School student SPCT scores by year with mathematics

achieyement, reading achievement, language achievement, sex, and
. o , } 4
{ age gs covariates. The unadjusted. mean for the 27 Clackamas students

N

. who elected science after the required'year was 13.78. The unadjusted

b,
means for each grade level were 14.18 for the Ilth grade and 13.50

for the 12th graded The difference between the unadjusted means was

N

BT R ,' C

['R)
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npt significant’ at p < .05. The adjusted means for each grade level

were 13.94 for the 1lth grade (N=1{l) and 13.67 for the 12th grade

~

(N=16). Thé/d{f%eténce between the adjusted means was not

.significant at@i .05. '
o . 2

Milwaukie High School- ‘ -

Table 71 presents th; results of an ANCOVA of the Sample Two
Milwaukie High School student SPCT scores éy year with mathematics
achievement," reading achievement, lahguage achievement, sex, and age
as ;ovariates. The unadjusted mean for the 32 Milwaukie students
who elected scieﬁce after the required'year was 12.81. The,
unadjusted'means’for each .grade level were 13.29 for'the\IOth
grad;, 12.30 for the 1llth gra&e, and~12.93 for the 12th gradg. The
"~ difference between the*unadju;ted means was not significant ;t

p =.,05. The adjusted means for each of the grade level “Were 14 33
for the 10th grade (N=7), 13.18 for the 11th gr4de (N=10), and 11 85
- for the 12th grade"(N-157. The dtffevences between the adjusted

i 3

means were not significhnt at p = ,05,

~

Rex Putnam High School

L

Tab1e<72 presents the results of an ANCOVA of the Sample Two
Rex Putnam High School student SPCT scores by year with mathematics
achievement, feading achievement, .language achie;énen;, sex, and age
as\covariates. The unagjusted mean.for the 30 Rex Putnam‘sgudents

electing science after the required year was 15.70.~ The unadjusted

means for each of the grade leyels were 14.74 for the 1lth grade and

L]

4
.

@

!

»
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- . e :

*® .

16.50 for the 12th grade. The difference between th'e unadjusted

means was noi: signiffcant at p <.05. Th; adjuéted means for each

of the grade lev?els were 14.71 for the 11th grade (N;llo)\and 56
b

for the 12th grade (N=16). The difference hétween the adjus
means was. not significant at p = .05. ’ 4 “ ‘-f‘ﬂ

Summary . )

’ Ve

No significant differences at p < ,05 were found ba{ween either

. 4 . N
the unadjusted or adjusted SPCT scores of Sample ng/s/tudents at -

v

different grade levels who had elec_t‘ed\ science ?t%r their required -
2 //

"year. This was found to be the case for the //tai sample as well as

within each of the three schogls. ya




TABLE 69

Sample Two Students Electing Science ANCOVA by Yeae with
Mathematics Achievement, Reading Achievement Language
» Achievement, Sex, and Age. as Covariates

T  'SUM OF - MEAN SIGNIF
SOURCE OF VARIATION SQUARES SQUWRE F  OF F

142,668 22.126 0.000

b=
n

COVARIATES 7134340 . 5

CATMATH 162,301 1 162.301 25.171 0.000

CATREAD 85.861 1  85.861 13.316 0.000

CATLANG 3544 1 3544 0.550 00461

AGE 3.812 , 1 3,812 0.591 Oekéd  °

SEX T 1 M.TTT 1.827 0,180
MAIN EFFECTS | 44818 2 24409 0.37% 0.689

YEAR 819 2 2.409 0374 00689 .
EXPLAINED 718,158 7 102,594 15.911 0.000

RESIDUAL ' 5224284 6448

[-
et

14.096

(- 4
[ ]

TOTAL 1240 4 42

»
.

GRAND MEAN = - 14.08 : " ADJUSTED FOR

e 1 NDEPENDENTS !
. UNADJUSTED + COVARIATES
VARIABLE + CATEGORY " N DEV'N ETA DEV'N BETA

.YEAR - o
0 GRADE 10 7., 0.79 . =l
1 GRADE 11 35 019 -0.01
2 GRADE 12 41 - 0.26 0.19

0.08 S 0410
HULTIPLE R sauxaeo R s 2'379' L
TIPLE R . " o bl"‘ o Lo é
,/” Y | . ;

L

e ey
b
>
-
oo
+

P
. .




TABLE 70
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Sample Two Clackamas High School Students!Electing Science ANCOVA
by Year with Mathematics Achievement, Reading Achievement,
Language Achievement, Sex, and Age as Covariates

" MULTIPLE R

e
SUM OF MEAN SIGNIF
SOURCE OF VARIATION SQUARES DF  SQUARE F CF F
COVARIATES . - 192.633. 5 38.527 B8.380 0.00C
. CATMATH 0.448 1  0.48 0.097 0,758
CATREAD 49.151 1 49.151 10,651 0.004
CATLANG , 1.498 1 1.456 C.326 2.574
AGE 0. 291 1 0.261 0.063 0.804
. SEX 5.737 1  5.737 1.248 0.277
MAIN EFFECTS ' 0.084 1 . 0.084. 0.Cl8 0.894
YEAR 0.084 1| 0.084 0.018 0.854
_EXPLAINED 192.717 6 ! 32.116  6.536 0.000
 RESIDUAL 91.950 20! 4.597
TOTAL 28%.666 26 10,549
<
- ,‘ -
 GRAND MEAN =  '13.78 ADJUSTED FOR
Y, . ] . INDEPENDENTS
* _ UNADJUSTED  + COVARIATES
VARIABLE + CATEGORY A DEVAN ETA  DEV'W  BETZ
YEAR , : ‘
1 GRADE 11 1 0440 0ul6
2 GRADE 12 16 -0.28 -0.11
. 0.10 0.0‘0
MULTIPLE R SQUARED 0.677
0.823
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t TABLE 71 °
Sample Two Milwaukie High School Students Electing Science ANCOVA
/} by Year with Mathematics Achievement, Reading Achievement,
- Language Achievement, Sex, and Age as Covar@te’s

.
——— - > .

SUM OF MEAN SIGNIF
SOURCE OF VARIATION  SQUARES OF  SQUARE F OF F <
9 . .
COVARIATES 176.378, 5 35.276 - 6.855 0.000 )
CATMATH 774688 1 7.688 1.494 0.233
CATREAD 20175 1 20.175 3.921 0.059
CATLANG 3401 1 3.401 0.661 0.424
AGE - 0577 1 0,577  0.112 0.741"
SEX L. 340 1 3.140  0.610- 0.442
MAIN EFFECTS 3,001 2 1.500 0.292 0,750
YEAR 3,001 2 1¢500 0292 0.750
"EXPLAINED 179379 7 25.626  4.980 0,001
RESIDUAL . 1234496 26 5.146 . o k(
TOTAL 302.875 31  9.770
GRAND MEAN =  12.81 _ ' ADJUSTED FOR }
| INDEP ENDENTS
X A UNADJUSTED  + COVARIATES
VARIABLc + CATEGORY _ N DEV'N ETA DEV'N ~BETA
YEAR ' c .
0 ‘ 7 047 t 1.52
‘ 1 . .10 -0.51 0437
2 15 0.12 ~0.96 . .
- 0.12 . 0.32
"' .
, MULTIPLE R SQUARED 0.592
o :HULTIPLﬁ R. . o -~ 0.770
\"' ‘ .
- ) . ,
"~ ” — &

\)“A . 239 . ' ‘ .




TABLE 72

by Year with Mathematics Achievement, Reading Achievement,
Language Achievement, Sex, and Age as Covariates

Sample Two Rex Putnam High School Students Electing Science ANCOVA

L : SJM CF MEAN . SIGNIF
SOURCE OF VARIATIUN SQUARES DF  SQUAKE F OF ¢
COVARIATES 3sa.oae| 5 71.618 104906 0.00C

CATMATH 111.434 | 1-111.434 16.658 0,900

CATREAD $54.523 | 1 24.523  2.€66 2.06R

CATLANG 6.455 1  6€.455 C.965 0.330

AGE 4.579 1  4.575  0.684 0.411

SEX 24,442 1 24.442  3.554 0.068
MAIN EFFECTS 8.346° © 1 84349 ° 1,248 0.273

. YEAR t B.345 1 Be349 12248 0,275
EXPLAINED . -  36€.437 ‘6 61.073  $.130 0.000
RESIDUAL  ° 155,660 23 64690 !

TOTAL | - © §23.267 25 17.541

)
\

]
I

GRAND MEAN:=  15.76 ~ . ADJUSTED FCR

. ) : " INDEPENDENTS

- . UNAGJUSTED + COVARIATES

VABIABLE + CATEGGRY . N DEV'N ETA CEVEN BET#

YEAR S
' _ GRADE 11 | 16 -(.91 -J.39 5

2 GRADE 12 16 .. 080 0.86

- . ©0.21 0.22

MULTIPLE R SQUARED i 0.704

HQLTIPLE R I ) ) 0.839
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" Analysis of SPCT Scores Comparing-Studenté Who Elected
Science ard Std&eqts Who Did Not Elect Science

Tota%.sggple ) . : l

Voo Table 73 presents the results of an ANCOVA of the total Sample

. /
Two student(SPCT scores comparing students who elected science to

those who did not. Thé ANCOVA was for the SPCT scores by ei@cting
scienEe with mathematics achievement, reading achie&ement, language
achievement, sex, and age as covariates. The grand anadjusted mean
for Sample Two ‘students was 12,11, The unadjusted mean for thé 89
. students who had elected écience was 14.08, and the unadjusted mean

* ' for the 121 students who had not elécted science was 10.66. The

difference between the unadjusted means was significant at p < ,001.°
The adjudted mean for the 89 students whq had elected science was
12.75, whiiefthe adjusted mean for the 121 students who had not
electe sc%encg was 1it64. The difference yetween the gdjusted‘

meanaSha significant at p=.011.

P ! . » —

" " Clackamas High School
Table 74 presents the results of an ANCOVA of the Sample Two
...Clackamas High School student SPCT scores by.electing science with

mathematics achievement, reading achievement, language achievement,

A4

. . sex, and agé as covariates, The unadjﬁsted mean for all Clackamas .

' . v - \A‘
students was 12.43. The unadjusted mean for the 27 students electing
science was 13.78, and the unédjustéd‘mean‘for’the‘33'students not

L3

electing science was 11.33; The difference between the unadjusted

means was significant at p <.002. The adjusted mean for the 27




<
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. ) *
students who had elected science was 12.93, while the adjusted mean
for the 33 students who had not elected science was 12.02. The

difference between the two adjusted means was not significant at

p <.05.

Milwaukie High School

Table 75 presents the results of an ANCOVA of the Sample Two
Milwaukie High School s?uden? SPCT scores by electigg séfénﬁfléith :,
ﬁathematics achievement, readihg‘achievement, }anguage achieVéﬁént,
isex, ang age ag covariateﬁ. The unadjusted mean for all‘éample,fwg,
Milwaukie students was 11.19. The unadjusted mean for tbe 3207
studenté‘who had elected science was 12.81, and the ;nadjusted,mean

for ;he_58 students who had not elected science was 10.29. The

difference between the unadjusted means was significant at p < .001.

11.74, while the adjusted mean for the 58 students who had not
elected science was 10.89. The difference between the pﬁjugted,méans

4 L3
LY

¢
was not significant at p =.05.

Rex Putnam High School - ' . ‘ ' 364.

Table 76 éresents the results of an ANCOVA of the Sample Twa
Rex PuLnam High'échool student SPCT scores' by electing science with ‘ .
matheﬁ;tics achievement, reading achie§ement, language acpievgment, \
. gex, and age as covariates. fhe unadjusted mean for alilxéx Putnam

studénts in Sample Two was 13.17. The unadjusted mean for the 30

y

a®

The adjusted mean for the 32 students who had elected science was ,,/)
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students who ha'd elected science was 15.70, and the unadjusf:ed mean
for the 30 students who had not elected science was 10.64, The
difference between the 'ur'lad;j_usted means ,was signifiéant at p <.001.
The §djusted mean for thg studegts who had elected science was 13.94,
while the adjusted mean for the students who had not elected science

was 12.40, The difference between the adjusted means was not

significant at p < ,05, \ .
. . )
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TABLE 73-
Sample Two Ftudents ANCOVA by Electing Sciende with Mathematics
ement, Reading'Achievement, Language Achievement,
" ’ Sex, and Age as Covariates
' SUM GF MEAN " SIGNIF
. SOURCE OF VARIATION SQUARES DF  SQUARE F GF F
, COVARIATES 1636.310 ' 5 327.662 '43.921 0.000
-CATMATH | 728%.491 1 285.491 3£.268 0.000
CATREAD 95,477 . 1| 950471 ,12.738 0.000
, CATIANG . ¢ G.149 1! 9.149 ~ 1.226 0.265
AGE © % 124863 - 1' 12.863 1.724  0.191
- SEX ‘ 37.792° 1 37.792 5.065 0.025
. MAIN-EFFECTS  49.706 1 45.706 6.663 0.011
. ELECSCI ' 49.706 1 494706 6.663 0s01i
EXPLAINED 1688.015 6 23}.?36 37.711. 0,000
RESIDUAL ~ 1514e444 203 ~ /7,460 . -
TOTAL ¢ 3202.460 209 15.323
GRAND MEAN =  12.11 . . ' _ ADJUSTED FOR. __
i : o INDEPENDENTS 7
S p UNADJUSTED + {OVARIATES -
VARIABLE + CATEGORY * N DEV'N ETA DEV'N BET2
- ELECSCI - | ,
: 0 NO ELECTIVE SCIENCE 121 ~-1.45 -0.47
1 ELECTIVE SCIENCE 86 1497 . 0.64 :
- O "& O.14 !
MULTIPLE R SQUARED . 0.527 '
MULTIPLE R .0.726
' ‘ AT . .
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) TABLE 74 ' . .
Sample ‘Two Clatkamas High School Students l‘sN OVA by Electing Science
with Mathematics Achievement, Reading ement, Language
Achievement, Sex, and Age as Covariat;es

SUM GF © MEAN SIGNIF _
SOURCE OF VARIATION SQUARES DF SGUARE _F ~ CF f ;
COVARIATES ° 256.464 5 51.293 T.432 0.000. .

CATMATH 21205 1 21.205 3.098 0.G64 .

CATREAD - 26.457 1 284457 4.156 0.046

CATLANG 2.754 1 2.754  0.402 0.525
AGE 0761 1 0.761° 0.111 04740
SEX ! B.626 1  8.626 1.260 C.267
"P .
MAIN EFFECTS $.354 1  9.394 1.372 0.247
ELECSCI 9.394 1 92394 1372 0.247
* EXPLAINED 205,857~ 6 44.310 6.472 0.0CO
RE'SIDUAL 362.871 53 64847 °
TOTAL 628,728 55" 10.656 )
GRAND MEAN =  12.43 . - ADJUSTED FCTR
- INDEPENDENTS )
: ‘ UNADJUSTED -« COVARIATES . = . -
VARI ABLE + CATEGORY N DEVEN ETA DEV'N BET#
J
ELECSCI '
0 NO ELECTIVE SCIENCE 33 -1.10 -0.41 K
1 ELECTIVE SCIENCE . 27 1.34 0450 ]
' » 0. 38 00 14 .
MULT IPLE ‘R SQUARED - ' 0.423 g
MULTIPLE R 9.650
SN
& % -
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TABLE 75 ' U O

'Sample Two Milwaukie High School Students ANCOVA by’ Electing Science 7 J
with Mathematics Achievement, Reading Achievement, Laﬁguage ‘ o
Achievement Sex, and Age as Covariates ‘

L)

' SOM OF | WEAN . .. SIGNIF ™
souacs OF VARIATION SQUARES 'OF  SQUARE " ¢ bF F

114.004 16.505 0.008, . +-.

COVARIATES ' 570.021 5
CATMATH -+ | 104.572 1 104.572 15.140, 0.000  .-.
CATREAD. 9.317 1 9317  1.349 -0.249.
CATLANG 5.974 1 5974 - 0.865 D.35% .

v SEX . . v 245832 1 24532 Ce357 04547
ACE . 0.238- 1 0.2338 0.03% 0 853

. . )
Vi el ’ ) s b
o . . . ’
. - e

MAIN EFFECTE. . 12.468 12.468 i.aos“*oble3,;-
ELECSCI | 12.468 12:468 ~'1.805 0.183 " °

e

EXPLAINED .., 582,489 , 6 97.081 14.055 0,000
RESIDUAL 573.261 83’ 6.907
TOTAL ' 155.780 89 127888 -

. ‘.: ¢

! .

GRAND MEAN = 11.19 . . ADJUSTED ‘FOR - - e
u INDEPENDENTS ‘

., UNADJUSTED + COVARIATES '
VARIABLE. + CATEGORY  .N DEVIN ETVA'DEVEN . BETA : .
ELECSCI ! ~ TN
0 NO ELECTIVE SCIENCE :58 =0.90 -0.30 . )
. 1°ELECTIVE SCIENCE 32~ 1.62 0.55 . "
T ' 0634 v v 0411 - LR

"
[

MULTIPLE R SQUARED ' T ©04504 7
. MULTIPLE R;, L & A R0 e

A 4
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" TABLE 76
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A

Sample Two Rex Putnam High School §tudents/ANCOVA by Electing

Scierice with Mathematics Achievement, Reé&ding Achiev t,
Language Achievement, Sex, and Age as Covariates !

SuUi GF

SOURCE, OF VARIATIUN SQUARES
COVARIATES 858.207
CATMATH 50.248
-CATREAL 524229
CATLANG 13.%32
AGE ‘ . 4,100

T 7 SEX - ) - T3e25%
MAIN EFFECTS ' 24.093
ELECSCI- 24063
EXPLAINEC | ¢ : 882.33C
RESIDUAL . 286.028

" TOTAL . 12664327

' UGRAND MEANP®  13.17
PRI )
/

VARIABLE + CATEGORY

ELEcstx ‘ o
‘+ 0 ND ELECTIVE SCIENCE
i.'Jl Etecrxve SCIENCE

;uuar;rtt/a SQUARED

NULTIPLE R

’

MEAN
DF  SQUARE .

5 171.¢€41
i 8GC.248
1 52.229
1, 13.232
2 4.13C "
1 73.294
1 - 24.093
1 24.053 .
& 147.0350
53 . Te.284
56 21.497
UNADJUSTED

N DEV'N ETA

30 ~2.53
30 2.53
0455’

SIGNIF
F OF F

23.566 0.000
11.018 0.082

7.171 0.010 °

1.617. 0.183
0a563 0,456
10.063 0,003

3.308 0.075
3.3G8 0.075

20.189- 0,000

ACJUSTED FCR
“INDEPENDENTS
+ CGVARIATES
DEV'N BETA

""0.77 . '
0.77
0.17

0.696
0.824

LR
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Tenth grade
Table 77‘prese9ts the results of an ANCOVA of the S;mple Two . LT

tenth-grade student SPCT scores by electing science with mathematics

aqhievément, reading achievement, language achiévement, sex, and

age as covariates. The unadjusted mean for all the tenth-grade

! \

students was 11.40. The unadjusted mean for the 7 students who had
<

elected science was 13.29, and the unadjusted mean for the 23
students who had not elected science was 10.83. The difference
between the unadjusted means was not significant at p =,05. The

adjusted mean for the students who had elected science was 11.79,

”~ .

while the adjusted mean for the students who had noi:flected‘science

N *

was 11.28. The difference between the-hdjusted means was not

significant at p < ,05. ' \>

N

11th grade . .

5 . )
* -~

Table 78 presents the results of an ANCOVA of the Saﬁple Two
11th-~grade séudent:SPCT scores by4ilecting science with mathematics
\achievemgnf; reading‘achieﬁemeﬁt, language achievement, sex, and
dge as covariates. The unaajusteq mean for all 1lth-graae studenés _—
was 11.84. The‘unadjusted mean for the 35 students who had elected
science was 13.89. The unadjusted mean for thé 55 studeéts who had r’<2

not elected science wés 10.55. The difference between the unadjusted

[ v -
means was significant at p <.001. The adjusted mean for the 35
L]

4‘(

students who had elected science was 12,63, while the adjusted mean
for the 55 studeﬁts who had not elected science was 11.33. The -

difference between the adjusted means was not significant at p < .05.
» . ’ .

LY

’
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£

Language Achievemen

226

COVARIATES
CATMATH
CATREAD
CATLANG
SEX

AGE

MAIN EFFECTS-
ELECSCI

EXPLAINED
RESIDUAL
TOTAL

GRAND MEAN =  11.40

VARIABLE + CATEGORY

ELECSCI
0
1

S
o

MULTIPLE R.SQUARED

 SOURCE OF VARIATION SQUARES

TABLE 77
Sample Two Tenth-Grade Students ANCOVA by Electing Science
ex, and Age as Covariates
SUM OF MEAN SIGNIF
DF SQUARE F OF F
190.256 5 38,051 4.660 0.004
,0295 1 0.295 0.036 '0.851 .
"17.004¢ 1 17.004 2.082 0.162
14.573 1 14,573 1.785 0.195
1138 1 1,138 0.139 0.712
1.138 1 1.138 0.139 0.712
191,395 é 31.899 3.907 0.008
187.804 23 8.165 ' ;
379.198 29 13.076
¢
— ADJUSTED FOR
o INDEPENDENTS”
UNADJUSTED + COVARIATES
N _DEVSN ETA DEV*N BETA
23 0.5 ~0.12
7 1.89. 0.39
* 0429 0.06 -
' " 0.505
. 0.710

MULTIPLE R

’Y
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TABLE 78 \
. Sample Two 1lth-Grade’Students ANCOVA by Electing Science with

Mathematics Achievement, Reading Achievement, Language
Achievement, Sex, and Age as Cdvariates

- e

SUM OF © MEAN SIGNIF

. 'SOURCE OF VARIATION SWARES DF SQUARE  F  OF F
COVARIATES . ' 687.30¢ 5 137.461 17,122 0.000
CATMATY . 43,250 ]  43.250 5.387 0.023
CATREAD | 50.880 ]}  50.880 6.337 0.01&
CATLANG ©9.708 . ) 9.708 1.209 0.275
TSSEXT . 0 194143 1., 19.149  2.385 0.126
AGE . .' e . 1.777' 1l 1.777 0.221 0.639
MAIN EFFECTS 284153 | §  28.153  3.507 0.065
ELECSCI . . 264153 | 1 264153 3,507 0.065 ‘
_ EXPLAINED ' 715.457 6 119.243 14.853 0.000
7 : | ,
o RESIDUAL © 666,356 83 8028
TOTAL 1381813 g9  15.526
{ . — . o~
_GRAND MEAN = 11.84 . - ADJUSTED FOR
i Lo ‘ INDEPENDENTS )
S UNADJUSTED + COVARIATES
VARIABLE + CATEGORY . N DEV'N ETA DEV'N BETA
', ELECSCI - L
' 0 55  -1.30 . -0.51
. | 35 2.04 0.79
. . , 1. 0.62 0.16
) MULTIPLE R SQUARED . 0.518

MULTIPLE R 0.720




12th grade
_ Table 79 presents the results of ép ANCOVA.of the Sample.fao
12th-grade students SPCT séores\by eleéiing science with mathematics
achievement, reading achievemené, 1angﬁ§ge acﬁievement, éex, and ’
age as covariates. The unadjusted mean for all Sample Two 12th-
grade students was 12.61. The unadjusted mean for the 47 students
who had elected science was 14.34, and the unadjusted mean for the
43 students who had not elected science was 10.72. The difference
between the unadjusted means was significant at p <:.001; The
adjusted mean‘for the 47 students who had elected science was
13,08, while the adjusted mean for the 43 students who had not
elected science was 12.09. The difference between the adjusted

‘means was not significant at p = .05.

Summary

A statistically significant (p=.011) difference was found

between the Sample Two adjusted SPCT mean scores of students who

»

had elected science and those who had not elected science. The
students who had elected science had significantly ﬂigher SPCT
scores than those who had not elected any science after the
required year. | ’ ‘

No statisfically gignificpnf (p fi.OS)‘diffefences we?gifound
between the adjusted means of stﬁdents who had elected scien;e and

‘those students who had not elected science within each of the three

schools. However, the unadjusted and adjusted mean scores of

students who had elected science Were higher in evety comparison
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Sample Two 12th-Grade Students ANCOVA by Electing Science with

Mathematics Achievement, Reading Achievement, Language
Achievement, Sex, and Age as Covariates

?"‘ i

SUM OF MEAN SIGNIF

SOURCE OF VARIATION SQUARES DF  SQUARE F OF F

COVARIATES. 794.590 s 158.918 22.512 0.000

< CATMATH 201.856 ] -201.856 28¢595 0.000

CATREAD 43.866 1 43.866 6.214 0.015
CATLANG 3.195 3,195 0.453 0.503 ‘

SEX - 3.524 1 3.524 0.499 0.482 L

AGE 0.413 0.413 0.058 0.810
MAIN EFFECTS " 164884 1 164884 2.392 0.126

ELECSCI 16884 1 16.884 2.392 0.126
EXPLAINED C C Bllé4Té 6 ;13§ffgg_ 19.159 0.000
RESIDUAL 585.908 g3 7.059
TOTAL 1397.382 g9 , 15.701
GRAND MEAN = 12.61 ADJUSTED FOR :

INDEPENDENTS o

\ UNADJUSTED + COVARIATES .
VARIABLE + CATEGORY N DEV'N ETA DEV'N BETA ‘
ELECSCI "

0 : 43 =1.89 ~0452

1' N ﬁ? 1073 0047 )

. 0.46 0.13
MULTIPLE R SQUARED 0.581
MULTIPLE R 0.762

an
4 . 2 :- ;) ’
[y )
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-

thgn the comparable mean scores of the students who had not elected
science. /The unadjusted mé;ns were signific;ntly (éis .002) o e
different, in all three schools. The siudents who had elected
science had significantly hiéher scores than the students who had
| not elected science.
No statistically significant (p = .05) differences were found
between the adjusted:mean scores of students who had elected science

and those who had not elected science within each of the grade levels

included within Sample Two. However, both the unadjusted and adjusted

mean scores of the studgnts who had elected science were higheraat
all grade levels than the comparable mean scores of the students who
had not electeq sciencg._ fhe difference betweeq thé unadjusted hean;
was s;énificant (p <.05) at both the llth-grade and 12£hﬁérade

-

levels. -
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- ‘ ' - Summafy Discussion pf S!ﬁple Two Findings

o, The most ?onsisﬁént and frequent finding from‘the analysié of ‘ -
- the Sample Two data was the very strong relationship that existed
between academic achievement and science process skill competency

as measured by the SPCT. Achievement in the areas of mathematics

»

and reading had an especially strong rglationshib. SPCT variange

had greater percentages accounted for by academic achievement than

v

by any other variable. These findings are consistent with those from

the analysis of Sample One data; reading achievement, however, was

o?‘

a stronger predictor variable in the Samble Tﬁo data than it was for

Sample One.

Academic, achievement .

Mathematics aéhievement was significant (p = .005) and the most

iﬁportant predictor ‘variable in four of the imitial regression .
equations, including the equation for the total sample; mathematics

achievement accounted for an average of 44.38 percent of the SPCT

. . A

variancé when it was thé most iﬁﬁaytant predictor variable. Reading

. achievement was-sign ‘icénq (p < .001) and the most impgrté9f

.
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|
1

regreséion equations after the initially strongest predictor had

been removed. : : ) : . e

Type of Science

First-Level

The multiple regression results for the total Sample Two
showed unified sciencé to be a significant (p <:4001) predictar
variable accounting for 3.22. percent of the Qariance. The Science
(Unified) course at Re; Putnam High School and Integrated Science
course at Milwaukie High School wer& both included in the unified.
science variable for Sample Two data. This was the only significant
first-level sciente course with‘a positive regress}on‘coefficient
found in any of the initial feg%ession equations.

While unified science~wa§ not a significant (p <.05) predictor
variable with the tenth-grade Sample Two students, it did account for
4,92 percent of the SPCT variance. It should be kept in min& that
all of the tenth-grade students in Sample Two were from Mi'lwaukie

) - . . . -
High School.

-

-

Earth and space science wés a significant (p <.001) predictor
variable with the 11lth-grade students 4n Sample Two and had a’

negative regressién coefficient. Earth and space science, which is

.

only taught at Milwaukie High School, accounted for 2.92 percent.of e

3
the SPCT variance for the 1llth-grade students.

No first-level science course was a signlficant predictor

variable in the analysis of the total Sample .One data. Thig suggests ’ "

i
v L
_,15

.
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the possibility that the unified science instruction at the reduired

-~ devel either fostered greater retention of science process skill
knowledge or provided more uéeful advance organizers than any of the

other types of first-level science.

"~ SECT

_The mean-SPCT score for all Sample Two students was 12.11, with

akmaximum possible score of 24. The mean SPCT scores increased with

o~

grade level, as evidenced by means of 11.40 for éhe 10th grade,
11,85 for the 1lth grade, and 12.61 for the 12th grade. The SPCT
Subtest with the highest total Sample Two mean was Interpreting Data

-

(2.61). The Subtest with the lowest Sample Two student mean was .

Modeling (0.9?). These ‘Subtest scores-are consistent with the

Sample Ofle findings.

-
vl

§-

- -

Sex was a éignificant (p <.001) variable in accounting ¥or

«".g

SPCT variance for the total Sample Twe.data and for Rex Putnam Hfgh
: P S

p School students. Sex was an especially strong predictor variable

I3
4

for Rex Putnam High School students, accounfing for 6.67 percent of
. . i PN

" the variance. In both cages, mﬁ%es had significantly highag\ffores

than females. These findings dre consistent with those from the

Y -

analysis of the‘Sé@plé One data, even'though~the sex variable was

féuéd to be.a siénifiéant variable less frequently with Sample Two

~ - ~
] . -

' students. : ’ - ‘




Age
. Age-was not a significant (p £ .05) predictor variable
? ~
accounting for two or more percent of the variance in any of the

Samplq Two regression analyses, This finding was tﬁe same as that

|
with %he Sample One data, . N

Scho&l

The ANCOVA of SPCT scores by school found that Rex Putnam High

3

School students had significantly higher scores than Clackamas
(p=.004) and Milwaukie (p <« .001) High School students. Thé findings

indicate- that the science program édmposéd~of a first-level Unified

Science course and elective courses at Rex Putnam High School

. developed higher levels of science process sk#ll knowledge as
. measured. by the SPCT than did the science progrgpé at Clackamas and

Milwaukie High Schools.

« Retention F

ot
[

No significant (p < .055 differences were found between either® ,
. . . . ‘ .
the Ginadjusted or adjusted SPCT scores of students at different grade

ievgls who had elected no_Atdemce after their réquired year. This

indicates that there was a high level of retention of science process '

. s
skill knowledge through the high school years.

Elective ‘science ~ N

3

Multiple regression analyses found that the variable “elected

science after the required year" was significant (p <.001) in

&
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accounting for SPCT variance for the total Sample Two scores and

for 11th-grade s{udents. Having "elected sciénce‘aftef the

.

required year" accounted for 1.59 percent of the variance for the

L]

total sample and Z.82.pergent of the varianceé for the 1lth-grade

students. The scores of students who had elected science were
significantly higher tpan the scores of fhose students who had q;t
elected scieqée. ‘
An ANCOVA found a significant (p=.011) difference between the
‘ total Sample Two adjusted mean scores of stuhents whoxhad elected
science and those who haq‘not elected science after the required
y;ar. The students who had elected science had significantlyih{gher
SPCT scores than di& those students who had not elected science-
after the required Jear.
No statistically significant (p < .05) differences were found
between the adjusted mean scores of students who had elected science
and those wﬁo had'not elected science within each grade level

included in Sample Two.

Amount of elective science

At Clackamas High School, haviné elected two semesters of science
after the required year was a significant (p < .005) variable account~
ing for 6.67 percent of the variapce. At Milwaukie High School, \
having elected six semest;rs of science was a significant (p < .01)

“+

variable accounting for 3.01 percent of the variance.

z
e
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v ’ .
\ " No significant (p £.05) differences were' found between either
the unadjusted or adjustearSPCT scores of Sample Two\students at
different grade levels who had eletted one or more semesters of Coe

science.

Courses ™ ’ . ' .
PLysics was a significant (p < .005) predictor Qariable for .

.the llth-grade students in Sample Two and:accounted for 2,51 percent

of the SPCT variance. Chemistry was a significant (p.<:.bgl)

predictor variable for Rex Putnam High School stuéencs ip;grades .

11 and 12. Chemistry at Rex Putnaﬁ accounted for 9.41 peréent of'

the SPCT variance. Since biology did not éﬁerge.as a significant
(p < .05) predictor variable eitherAgs'a first-level course . o .
(Sample One datai or--an electi;eycourse kSémplg Two date}, tﬁé
findings indicate that the physicai scieﬁdé courses werevﬁ;re N
effectivé in promoting the developﬁeﬁt of,sgiencé process skill ’

-

competency than were the biological science courses.

» .
i

Hypothesis festing

L ' | ~ . ST |
; . : | ‘ HYPothesis'On? ' - f . . }/( 1?
\ \ Hypoth?sis‘one: _Academic apilisy 1? not a s?gnificant YariablgA. ,
in accounting for-SPCT posttest variance as,méasqféd by . .
\ a) Reading achievement- =~ ' T ) ) _ ;: T
- £5. Laqguage‘achjevément L - }j :j . o N (z_':

"¢) Mathematics achievement

] . ' ~ -




4.Hypothesis ome was rejected. Mathematics dchievement (10 cases)

- Ll

L and reading achievement (3 cases) were svatistically significant
(p <: 05) and the most important predictor yariables in a11 13

initial regression equations produced from the' Sample One and Sample

Two data. Mathematics achievement acccunted for a low of 41 70

it

'percent And a high of 47. 90 percent of the variance in’ regression

’

equations where i; was the most important predictor variable.

Reading achievement accounted for 32, 98 42.60, and 52 00 percent

of the variance in the r&gression equations uhere it was’the most

. .
[ . 4

important predictor variable. p . *f _ ) "

' Language . achIevement entered one~initia1 regression equation as

~

. a prédictor variable~eighificant at P 1:.05. Language achievement

4

.
-q -,

generated after removal of the strongest predictor variable from the

[ v

initial equation. -~ ' A ' oo

Hypouhesis Two ;J .

1 s

h \

Qypothesis two:. Sex is not a significant variable "in accounting

) +

for SPCI posttest varianceu

‘e
.

¥ ' * - ;
N A ¢ _ . . R
Hypothesis two was rejected Sex was a significant (p <.05)

i
predictor variable,in three of the six initial regression équations

for Sample One data. Bex vhs a significant (p~< 05) predictor

! variahle in two of the seven initial regression equafions generated
T v, S M
from Sample Two data. JIn all cases, males had significantly higber .- ' .f; N

o ;scores ‘than females. The findings indicate that within the e ®

AR .o
. . . i

' B .
’ s ‘ 3 1
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ﬁ . nogulation investigated sex was a more important predictor variable
for grace nine,than for any o} the other high school grade levels.
. The findings.also indicated that it was‘a more important predictor

variable for Rex Putnam High School students than for students at -

-

the other two high schools.

. ’ Hypctnesis Three , { -
e. foathesis three: Type of science is not a significant
variable in accounting for SPCT posttest variance.
Hypbthesis.three was rejected. Students in all types of
- science achiewed statistigaily significant gains (p < .05) between

the SPCT bretest and posttest. Rex Putnam unified science students
¥

st

wera the only Sample One students to..achieve significant gains on

all six of thé"SPCI Suhtests. Effect size meani from Sample One
. N A ) ' o ) N 5
data showed considerable variation. The mean effect sizes for the

' L

differert t&pes ot scien!e were 0.86 (physical science), 0.44
“‘l (biology), 0.37 (earth and space), 0.27 (integrated), and 0.71
' mgpnified). In' the secgnd regression equation for Milwaukie High

School, Integrated Science entered as a significant (p < .001)

'

predictor variablevwith .8 negative reg‘&asion coefficient. For the
N -—-// " '“
‘ “total Sample Two stndent scores, unified science was a significant

.

. (p <+001) predictor variable, Earth and space science was in the

initial llth-grade regression equation with a significant (p < 1001)
1 v Y

and pegatiVe regression coefficient. e .
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- .Bypothb%is Four =~

v

. . -
Hypothesis four: There is no significant difference between s

.lﬂ’

tﬂe'adjusted SPCT posttest meansg of ninth-grade and tenth-grade
students. ¢ ,

Hypothesis four was rgjected. An analysis of covariance of .
. . . ’ '?J:X‘?* .
SPCT posttest scores by grade level with the SPCT pretest, mathe-
- matics achievement, reading achievement, éex, and age as covariates

found significant (p:< .001) differences. Tenth-grade students had

significantly higher scores..

Hypothegis Five - , -

. Hypothesis Fiyé: There is no significant difference between the

A

~ .

adjusted SPCT posttest means of students who have elected no science

23 (. :
P, afte¥~the required year and are one, two, or three years removed from -
: . . B 4 .

-

’ ., N . -
required sciente., . .

) Hypothesis five was not rejected. Analysis of co&ariance of
the SPCT scores of Sample qu.students who had elected g& science
by gréde Igvel with mathematics gcﬁievement, reading &chievement, 
language achie;emenb, sex, ahd age as covnriateg found no siggifiéant
Jdifferenceé'at p =.05. The ANCOVA procedurg was conducted for each

~

, school (tables 66, 67, and 68),énd‘for the pooled Sample Two data ‘

(table 65). }'

-

-
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Hypothesis Six

Hypothesis six: There {s no significant difference hetween the,

' adjustéd SPCT posttest means of those students~§ho have eleEﬁed

-

science after the required year and are one, two, or three years

removed from required science.

Al

Hypothesis'six was not rejected. 1Analysis of covariance of
the SPCT‘scofes‘of Saﬁple Two students who had elected sc;ence by
grade level\with mathematics achievement, reading achievement,
language ac£ievement, sex, and age as covariates found no
significant differences at P '5..05. The ANCOVA ﬁrocedure was
conducted by scﬁoo} (tables 70, 71, and 72) and with pooled Sample
Two data (table 69).

For the pooled Sample Two Jata, the SPCT unadjusted means did )

increase with grade level, but the differenceé were not significant

at p £.05. \

Hypothesis Seven - A

Hypothtsis seven: There is no significangﬁdifference between

" the adjusted SPCT posttest means of students who have elected sciénce

after the required year and students who have not elected science

. t
»

after the required year. .

-

Hypothesis seven was rejected. Analysis of covariance of the,

pooled SPCT séBres of Scample Two sﬁudents electing science and those

" [ « . .
", not electing science with mathematics achigvement, reading achieve-

ment, language achievement, sex, and agt as covariates‘iqdicated a’




b1

signifigant.difference at p=.011 (table 73) favoring those students

12
.

who had elected science. The ANCOVA by schools did not indicate

\ L

significant differences between students electing science and those

not electing scienc; at p £,05 (tables 74, 75, and 765. However,
\ -

.

in al@ schools both the unadjusted and adjustéd SPCT means of the
students who had elected science were higher than the comparable
means of those students who had not elected science. In all schools,

the unadjusted means of the students who had elected science were

- EZ

signif;cantly (p <.002) higher than those of students who had not .

-

elected science.

kY

v

-

Hypothesis Eight

Hypbthesis eight!{ There‘is no significant difference bgtween
thé adjusted SPCT posttest means of:étPAents who electedlscience
after the required year and students in the same gradé\level who

did not elect science after the require& year. . . L |

A g

Hypothg;iéyeight wab not rejected. Analysis of covariance of -
the Sample Two grade level SPCT scores of ktudents electing science

and tﬁsse not electing science with mathgmaticé achievenment, reading
b P P
achievement, language achievement,~;§ex, and age as covariates «id not

indicate any significant differences at p <'.05 Ciables 77, 78,.and

- 79).° z

) , - -
T e At each grade level, both the unadjusted and adjusted mean

1] h ‘
scores of the students who had elected science exceeded the

s . "
comparable mean scores of those students who had not elected sc;enc?:,.

“w
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-

The unadjusted means of the llth- and 12th-grade students who ﬂad
elected science were significantly (p <,001) higher than the ‘dﬂ

unadjusted means of those students who ‘had \not elected science.

Hypothesis Nine . "
ﬁypothesis nine: There is no significant difference between -

the SPCT pretest/posttest effect size for the different types of

.

science. ,

-

Hypothesis nine was rejected. A chi—sduare test of the signif-
. - - . .
icance of the deviation of the effect sizes (page 117) from the .

population effect size mean found significant differences at the
A ’ M
0.05 level. The physical science (tenth-grade students) effect size ,

was significantly higher than the mean of all effect sizes,'pnd the

.

°integrated'science (ninth-grade students) effect "size was signifi-

antly lower than the mean of all effect sizes,
\ .

-t
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CHAPTER V -

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

. ’ ’ The Study

The purpose of this study, was to investigate the effects of
A

) v /
type of classroom science, grade level where science was required,

-

years without formal science instruction, and elective science

2

courses on the knowledge of selected science process skills of high

;f”géhoél students. In addition, the study was designed to identify
other pgogram*and learner variables important in accounting for

variance'on a test measuring the level of science process skill

- -

knowle&ge. ‘ - ) fl

t

», i

<

Thg‘pobulation studied was Ehe 3,77? students enrolled in the

* | three comprehensive high schools of the North Clackamas Schiool . .

¢ -

District in Milwaukie, Oregon. Two sémples were psed for data

-

a gathering purposes, Sample One was composed of 690 étudents‘ih the ' z

niﬁth anstenth grades who were enrolied in their first year of

’

high school science that would satisfy their graduation'rgguirement.
. Sample Two was composed of a.cotal of 210 studgnts randomly selected
in groupé of 30 from each grade level in each high schoox'following

the grade level where science was required, , .

. M -

243

\‘1 ) . \J AN p— .

e N A '




- : Sciégce'process akill knowledge 'in the areas oé Classifying, -

.MOhServi;g, Interpreting Data, Identifying Variables, Modeling, and . .

_ Measuring was assessed by the administration of an investigator-
:develéped Science ?rocess Competeﬁcy*Test (SPCT).' The éA—item,

mulciplejghoice~SPCT'c6ntainéd six S;btgpts, ene for eacﬂ of the

-

science process ski}l afeas being assessed,
’ , ,Th; academic achievement levei;of students in both samples in .
the areas$of reading, la;guage, and mathematics was determined by
t@e‘pge ofiscorég from school district-administered Cglifornia |
Achievement Tests (CAT). Additional student informati?g}gfs

. [,
cords and . di’

from sever51~gqestionnaireé cgmpleteq by students. Teacher informa-

collected by .investigator petusal of student cumulative

)
e e ———— o - ™

tion was obtéined by ﬁqan§’of two &hesfionnaires completed by -
oo e . i - ) .
teachers. . )

- ¢ [

. ) 2 The hata were gathe;e& during.:he 1981-82 school_year, Sample
- .qpe’studenés wereﬂpretested’in September and pogtteste& in May with
the éPCT; student questionnaires were completed concurrently witﬁ
the pretesting‘and posttesting; Data were gathered from Sample#

N Two students through May posttestiﬁg and concurrent questionnaire
» h

completion.. ‘

The data were analyzed primarily by the use of programg contained

i

-

- . . ‘ . LY .
. within the Statistical Package for the Social Sciences (SPSS). Data

-

- o . L
were subjected to treatment and analysis by means of correlation,

multiple regression, paired t-test, analysis bf variance, and

analysis of covariance. Effect size computations were also”used to A

~
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’

’ -

assess the educational ‘significance of the SPCT pretest/posttest

gains in the various groups contained within Sample One. -

-

" Findings .
Hypotheses -

_ A detailed distussion of the testing of hypotheses ;s found on
pages 236;242. Nige null hypotheses &gre tested, each of which is
stated in this subsection along with brief comments summarizing the
results of the testing.

‘Hypothesis One: Academic ability is not a signiﬁicant variable

v

in.accbuﬁting for SPCT posttest variance as measured 5y (a) reading

t

achievement) (b) language achievement, and (c) mathematics achieve-

, - ment. .
Y

Hypotthesis one was rejecped. The multiple regées§ion results

- on pages 122, i26, 130, 138, 142, 147, 171, 175; 179, 153, 189, 192,'
and 196 show that mathematicsiachievement-(12 times), }eadiqg
achievement (7 timeggj\XTd language~$chievemen£ (A time) were ‘ v

significant (p & .0l) variables in accounting for SPCT posttest

-

variance:.

Hypothesis Two: Sex is not a significant variablé in accounting .
) } \ . . s
for SPCT posttest variance.’ - » . ‘

| ﬁypothesis two was rejected, The multiple regression results
&

on pages 126, 142, 147, 171, and 196 show that sex was a significant .,

(p €.001) variable in accounting fpr SPCT posttest variance. In all

cases, -the sex variable favored male students.

¢ . ’ . .,i




- 4in accounting for SPCT posttest variance.

~ SPCT posttest variance of Sample fwo llth-grade students.

,;acienceﬁ - o . - : -
! : 3

Hypothesis Three; Type of acience is .not a siguificant variable

Hypothesis three waé rejected.,:The multiple regression results

:'found on page 171 show that for the total Sample Two student data, - .

Unified/Integrated Science was a significant (p < .001) and positive

} variable in accounting for SPCT posttest variance. Earth and Space

Science, as shown in the multiple regression results on page 179, vas .

a significant (p'f;.OOI) and negative variable in accounting for the

-

Hypothesis Four:. There is no significant difference between the

adjusted SPCT posttest means of!&hth-grade and tenth—grade students.

Hy thesi four was rejected. The analysis of covariance
results on page\l55 show a significant (p <« .001) difference betweeén i

the adjusted SPC scores of ninth-grade and tenth—grade students
The’ tenth-grade students had significantly higher scores. .

Hypothesia Five: There is no significant difference between - o

the adjusted SPCT ﬁgattest means of students whd have elected no

[ P
science after the required year and are one, two, or three years
* . ! "o "y

removed from required science. K . . Y BN

Hypgthesis five was not rejected. The results of‘the analyses

IS

of covariance on pages 207 through 210 show no significant (p < 05) T

differences between the scowes of students who had elected no . : '
: ~
science and were-one, two, or’three years removed from required

A .
L

- A ¢
« .- .
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‘ n ; Hypothesis-séven was rejected.:;The—res 1ts of the analysis of

o . : 247

. uﬁpoéhésis Six: There is no significant difference between the
' 3
adjusted SPCT pdsttest means of, those students who have elected
» ' .\ x -
science after the required year and are one, two, or threg yearp

removed from required scienca"

Hypothesis six was not rejected The reaults'of the analyses

of covariance on pages 214 through 217 show no significant (p __.05)

differences between the scores of students who had elected science

after the required year aﬁd were one, two, or three years/fémcved ' -
L4 ] ' :
from required science. .. e N

\

. Hypothesis Seveh: There is no significant difference between:

who had and had not elected science after the required year. The -

students who had elected science had‘significantly higber'scores[

Hypothesis Eiéht: There is no significant difference between the

»

'adjusted SPCT posttest means of students who elected science after
v -

the required year and students in the same grade ievel who did not . -

elect science“éfterxthe required year,’ Tt : "

Hypotﬂesis eight'&as not~rejected. The‘results.of the analyses \ '

[}

{
of covariance on page& 226 227, and 229 show no significant (p<.05) ,
differences between the %cores of students at the same grade 1evel

who had elected and ngt,p&iited gcience after the required year. v

¥ [

f/ r . ' A\:.— . s
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.

Hypothesis Nine; There is no significant difference hetween

the SPCT pretest/posttest effect size for the different types of

science. ) -

- [y

,Hypothesis nine was rejected, The effect sizes on page 117

—

were tested for significan; (p < .05) deviation from the populaFion N
effect size meag by application of a chi-square.tqgt. Two effect ,

sizes were found to differ significartly, The Clackamas tenth-

grade Physical Science grolp was aignificg?tly higher than the mean,

and- the Milwaukie ninth-grade Integr;ted Science group was signifi-

[y

‘canfly lower Ehan the mean,
Ve
‘ Program Variahles -
- thnol_science_prngtam_yariahlﬁs_thatJwerﬁ_inxééfigaﬁﬁdexgzg_._eh.__.._<H.v__e_

type of science, grade level where'science was required, and the

elective science courses.

Type of science ) BN
Pretest/posttest gains '
_Sample One atudents’in all types of first-level science used in ‘o

the three high schools had significant_(p < .05) gains from the SPCT d
pretest to the SPCT posttest (pages i08—115). fhe mean absolute ga;q'
on the 24-point SPCT for'all Sample One students was 2 02.\,The‘ ,
largest absolute’ gains, 2,65 and 3.24, were made by the ninth-grade |
and~tenth-grade Physical Science students,_respequVely, at

. Clackamas High School.‘ The smallest absolute gaiﬁ was.1,09 by ) .

Integrated Science students at Milwaukie High School. Descriptive ~ -

3

statistics are on page 105,

¥




Pretest/posttest Subtest gains ‘ v
The average number of SPCT Snntests where significant (p < .05)
gains were made by the eight groups in Sample One was 4.13
. . (six subtests). The only type of science where students made

significant gains on all six Suhtests was Unified Science at Rex

Putnam High School. The type of science «with'the fewest significant

gains, one, was Integrated Science at Milwaukie High School. The"

paired t-tests for the Subtests are on pages 108-115, -

Effect sizes

____-___,__-_-an._.-“_Fiye of the groups. in Sample One.showed effect sizes (page 117) ‘ .
. that would be considered latger than average and comparatively large
when compared to those reported in the literaturei The four largest
gffect sizes were found in two types of‘science: The Clackamas
ninth-grade and tenth-grade thsical Science groups had effect sizes
of 0.82 and 0.90, respectively; the Rex Putnam ninth-grade and
tenth-grade Unified Science groups had effect sires of 0,68(and 0;74,, -
- . respectirely. The other effect size considered above average was ﬁhe ‘

[) .
|

0.51 of the Clackamas tenth—grade Biology group. .

Accounting for SPCT posttest variance . .

Muitiple regression analysis (pages 171 and 179) showed Unified/

Integrated Science to be a significant (p <. .001) and positive

. \
| - variable in atcounting for Sample Two SPCT posttest yariance and

s S
.
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Earth and Space Science to be a gignificant (p <« .001) and negative. Lo ‘ ]
\ variable in accounting_for SPCT posttest wariance of Sample Two " ) ‘tu';:}
. .I1th-grade students, N ' ' ?
’ g ' ) l\ “ ' ‘ J - B AN
Grade Level Where Science Required R

\ ) \ ‘
- . . ‘ -
;

The SPCT pretest means for Samﬁie One students who were entering )
hig% school science for the first time were'9.76 for tenth-gréde o . ii"
students and 9,44 for ninth;grade students, The unadjnsteq SPCT . \f T

posttest means for these same students were 12.06' for the tenth-

grade students and 11.18 for ninth-grade students. Descriptive ~

! ¢ . N
4 .

statistics are on page 105, ‘ ‘ B

[
“

Analysis of covariance of SPCT posttest scores by grade leVel

—— -~ - \ [

~with mathematics achievement, SPCT pretest, reading achievement, age,
and sex. as coxariates.indicated significantn(p < «001) differences -
‘hetween the'adiusted‘S?CT posttest scores of the ninth?grade and .

tenth-grade students (page 155) Tenth-grade stLdents had . f_ L ! A,

" significantly higher scores. This is consistent with the findings of . o

°
s

Pettus and daley (1980), who .reported mean scores on'the Test of '’ X .,rw

Science Processes (TOSP) increasing with grade level, but»contrary

. N :

‘to the other. findings reported in the literature, o : . Jk

- 2 ‘ a0 ' * ' Elective Science ’

. . & ) « .4 ° —n
T ‘ All data relative to the effect of elective science ‘eourses on ‘ >

v A - ~

~a

. process skill knowledge were Sample Two data. Unadjusted and adjusted
SPCT scores of students vho had elected scienge were in all cases‘ﬁ%‘

L]

; . (COmparisons by grade level, school,,and pooled data) higher than the a




Y

and 229

L]

.

~

comparable scoxes ‘of students who had not elected science.

L e VA
ey

Theser

el

comparisons can, he’ fo!md on pages 221, 222, 223 224 226, 227

While the analysis of covariance found no significanta -

o,

A

iy

’

) 7

,o

i

.

(3

(p <. 05) differences between thé adjusted posttest‘scores of the
students whp had‘and.had not elected sciénce within schools (pages
- / ‘

e, 222 through 224)'or grade levels (pages 226 222, and 229 a signifi—

)
R

cant (p* Oll) difference was found when the Sample Two data were

s e

L] .. K2

pooled (page 721)« 'The students who had elected science had '; Y
- ! . - . .." :;'a‘f.
This finding is consistent'with one T " e

-

'significantlf-higher scores.

,reported by Pettus and Baley (1980), who found mean. scorea on the ' 4

O r o BRI -

. Tosp increasing with the number” of science courses taken. . - el T
¢ .. . EIN » * o > M , A - &:‘:

.It—is pbssible that an SPCT instrument’"ceiltng effect“ limited Jf o

‘ 1 rd N “

the~scores for some of the Rex Putnam High School studénts who had jz({}‘ e

.
e BN ’

,".- s . . - T
elected scienoe. This possibility is indicated by’ the re&atively ; Y

“// B T 4
v -

high unadjusted mean of 13 70 for.these st&dents. It is thérefbte. wf_f_- o

A ? S Ak

vossible that significant differences existed with}n Refoutnam High

r

o

L
. L .

2. 7 Ial ,\
- - -

e Schoolythat\were masked py {nstrument 1imitation;.—( lﬁf':f'g” - T

Ihe,results oﬂ the multiple»regreSSion analyses of Sample Two .., 7 . “fv

¥ I ‘R
. A LA Loe M

data showed "elective scienc as 8 significant (p < UOl) and ' {,1 - 'wvé

positive variable in,accounting for SPCT posttest variance forathe ,A

-~ v, A
.

. pboled Sample Two data (page l7l)iand for 1lth—grade students res R
(page 179) Two semesters of elective écienee wfs - significantj;‘- e ei‘.:

(p <. 005) variable in hccounting fnr the SPCT postteSt

Y . s




‘
. M -

.- . >
.

o ! ¢ .o e . ¢ 252 v N S

| .

5 B s :" varia'n;e at Milwaukié High Schgol (page 1.92) #4~The only speci;.’r.c T,
. ‘ \‘ ; electi\re science cqurses to emerge as significant variahles in .
‘ ) ~acc'bunting £or SPCT posttest variance were Physics (p « .005) for ° -
b « . . .
;‘;‘. ' - ‘ .tbe ;ltﬁrade (page 179) and Chemistry (p < .001) at Rex Putnam .
B . High School (page !196) \ " ‘ S
.., ‘\ | .‘ - V' ' . \ ' . . .' - ‘ B
‘l%\ joe o . : , Student Variables o ‘
R e o 3 " ) " Academic Achievement . ’ = " .
. > Sa.mgle One 7 - ) R .
For S e One data, mathematics achievement was the~significant -

(§/<.001)‘ accounting for the most ‘posttest variance in all N
. » . ° .
ultiple regression equations. .Mdltiple regression analyses were
. 0 . N L] . <
conducted by school (pages 138, =142, and 147), grade level (pages -~

126 and 130), and for pooled data (page 122). Reading acliie,vement
® ) . was also a signific,ant (pq< 001) variable for tenth-grade students
‘ . .('page 130) and Rex Pu,tnam High School students (page 147). Language S
achievement was a significant (p « .001) variable in accounting for

. . 28 .. the posttest variance of Milwaukje High 3chool students (page 142). .
N S - T T
* . » . ) . ¢ “u . . ’ ) -

a0 Sample Two - ‘ .
! M [ .«

<
v v {,

. R i . ) ¢
For Sample Two stodents, mathematics achievement was the signifi- .
[N
) e .gane v(p. _.005)*/ariab1e accounting for the most posttest variance in
FREXTIRIT P N\ - 00 EW
~.0four of the initial regression equations (pages 1714 175, 183, and

A K

192), and reading .achieven_ent was the significaqt (p < .001) variable .

. .
- N ’ . ‘ '
- >

5 e accounting for the most posttest, variahce in the other three initigl o
/. @, » . . & . R
regression .equations (pages 179, 189, ax{d 196). . : ! - :
. . ‘$% Yo . ‘ . i ! . - 3 e

w ! M ' 4 * - . Ay
M Ve,

R Y : | ~
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Both reading‘achievement (pages 171 and 183) and mathematics

. ’ 4 $
e . , achievement (pages 189 and 196) entered regression equations as

’

. significant (p <#®1) variables in situwations where they were not

. . ®

’ ) \

- [}

Sample One and Sample Two‘ . : I

- . ¥
~“ Mathematics achievement was' thé most important variable in .
) ‘ 'l

~

. .accounting for SPCT posttest variance in ten inditial multiple

regression analyses. The average percentage of the variance

_accounted for by hathematics achievement was 40.87 percent,

Reading achievenent was the most important variable in the other
1] * N

[

three cases. The average percentage of the SPCT posttest ‘variance
) ’ . L ’

accounted for by reading‘achievement wasv¥42.53 percent. Reading
{ :

-
éqp was a significant variable in accounting for posttest

four other cases, while mathematics achievement.was a
N /

' significant variable in:accounting for posttest variance in two
\?ﬁzﬁg other regression analyses. Eanguageaachievement was a éignificanﬁ

variable in one case only. .

variance

7 . _These findings are c0nsistent with ,those reported in the -

4

literature, but represent somewhat,higher positive correlations and _
o\ ¢ - . _‘u

percentage of the variance accounted\for.

. . > * >
¢ . M MRS .

B0 :
Entry Level Science Process. SkilI Knowledge

X
© .. the SPCT, of students vho were entering their first year of high--

.
. »

g qchool sci’ence was 9.59. The mean SPCT séore for ninthrgrade -

. . - A b »
\ : ) .
P < [N §h
. * R . - \ l. v » ‘
- v
‘ 4
b s » * “a A m jad N aY \
[ - » T e - Lo s o)
¥ 'y T , ' " ‘
a“ X N X et o Q) N
» . < . N - L AN .
A, B “ te . e vy \ -+

the most important variahle in accounting for SPCT posttest variance.

-~

" The ﬂEan scieﬁée procéas skill knowledge level,_as-measured by

P Q

a
-
—

—~=}

.
s , v
- . -t
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- e students wa{ 9.44, while the mean_SPCT score for tenth-grade students

. ’ s, was 49.76. ".The ninth—grade mean for comparison pufposes is somewhat

-

artificially elevated, while the tenth-grade mean is similarly
depressed This is because 35 percent of the ninth—grade students,
those from Clackamas and Rex’ Putnam High Schools, are “selected" bigh
-{ - e . acnieving students who are taking their required science a year X !
| earlier than their peers. These select students had an«SPCT pretest
mean bf ll 09 compared 'to’ an SPCT pretest mean of'8. 54 for the .
\._ ‘ ..remainder of the ninth—grade students which included the highest
‘achieving ninth~grade students from Milwaukie High School, The
tenth—grade students tahing their first year of high school sbienCe
. . ’ did not have the scores of'approximately 120 high-aehieving tenthl

-

‘ graders included, becat¥se they had completed their required science .

. *  a year earlief. . .

) ‘ . e ' . .
H Y

:8PCT pretest score was the secontd most important variable in

' accouhting for SECT‘posttest variance of’Sample.One students in all

/

six multiple regression analyses (pages 122, 126, 130 138, 142, and

: 147) SPCT pretest score was always a significant (p-< .301)

R -

. __variable and adeounted for an’average of 7. 9erercent of the vatiance. s e
H "-:-“?‘ \/. - ~- . "!"
‘ 4t -"; “.} ‘ Lo . - ' \
. A : L :‘; e . Age . .
b v . - ER . . N
‘ 5:“' ' Age~vas not found to be a, significant (p < 05) prediitor
. , ' variablafaccoqnting for two percegt or, mwre of,tge|SPCT variance in o
\ .
. either Sample One or Sample Two This finding is in.gene;a;—agreement
: - ~ o, H .’_t
, 4with those reported in, the literature, where only one séudy reported 2 e
) h : Lo K X _. s, ." .‘ “ .' (,.‘5
oot T .a difference‘within the high BChOol yearst el ( p;' R S
- . ' A‘ DL NS ot AN A ‘ .‘ ’ o o . L : ; ‘ . ' V;“': i:;? \
- . : [ ¥ 1 9] = . " B
& . .
-:: ! . e C ¢ _" ' ;;" y b .
' ’ ¢, ! d.’ . 3 i::l 1 ¢ " 4
. : o &;7 R S R



Sample One‘ ' .

Sex was a sigpificani (p < .001) variable in acc¢eunting’ for’

’

~

SPCT pg;ttest variance for Sample One ninth-grade students (pagé‘_
126), Milwaukie High School students (page 142), and Rex Putnam High
School students (page 147). In all cases, males had significantly

higher scores than females, . i

- P

Sample Two

e

Sex was a significant (p < .00l1) variable in agcounting for
SPCT variance of the Sample Two pooled data (page 171) and the Rex
- Putnam High School data (page 196). 1In all cases, males had

' significantly higher scores than females, ° _ \

. L

I ' . K
Sample One and Sample Twe

 Sex as a consistent significant variablé in acéounting for

. . .
SPCT/posttest'va;iance of Rex Putnam High School students., In

)

-

addition, it Qgs a significant variable in three other cases——
/ ‘
?ample One ninth-grade students., Sample One Milwaukie High School

/scddents, and pobpled data for Sample Two tudents, In all five cases,
/ [y o

females, The\sex variable

males had sig ficantly‘higher scores il

)

e variance.
&

accounted. for/an averaBe of 2.68 percent ©

g ‘ /
" This fifding is in 'general nt .wi

4

those reported, in the

" \é-, literature, especialli/;ith he meta-analysis findingz of Kahl,
) I : !

?leming, and Malone (1982 © ' . (
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.

Conclusiona and- Recommendations |

The reader is geminded that the conclusions that foilow wvere
based upon data gathered in the high schools'of'the North Clackamas

School'District, and even though the findings from this study are
: .
for the most part consistent with the findings reported in the

1iterature, the conclusions and recommendations contained in this
&

subsection are not proposed’ as being applicableyoutside the !
. . : \}
population studied, ’ - .
. . . -‘ ) Q
Conclusions € ‘ )

1. The most important variable in accounting for the science

process skill knowledge as measured by cﬁ; SPCT was level of
+ 7~
] 9

academic achievement. This was trne at al} gradellevels aéddin all
schools. The most powerful specific predictor/varisple was mhthe—
ma:ics achievenent, followed closely:by reading achievement, This is
in agreement'with tne findiggg reported in the iiterature, v .
3. Tenth-grade stud:nts as a gro§p~had’significantly higher
levels of science process.skill knowledge és neasured by the S?bT
at the endlof the required ?esr'of‘science than did ninth—grédé
students as a group. This is contrary to the findings reported in
the 1iterature. Ninth—grade students with high levels of academic : . .

achievement, hoWever, left the year ‘of required science with 1e6e1s of .

o
science process skill knowledge compatab&e or superior to ten¢&§grade

L3 ' [ .
* *
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3. The completion of one or more additional }"ears of high, @
school science instruction after the required year!siguificantly
increased the level of science process sgkill knowledge as measured

by the SPCT. This is in agreement with the findings reported in the
. x
literature, .

4. There was no s&gnificant loss of science process skill
K

m———

knowledge as measured by the SP&T during the high school years

~

following the year in which required science was completed, No *?

‘comparable research findings were located in the' literature, .

- o

5. There was no significant gain in science process skill

knowledge as measured by the SPCT as\a result of having completed two

£

or three years of elective science courses, There were an insufficient

numbet of reported findings in the literature to’establish a pattern,

6, Physical science elective courses (e,g., chemistry, physics)

were more effective in increasing science process skill knowledge as

»
-

gmeasured by the SPCT than;aere biological science courses, - The

literature contained an insufficient number of compgrative research

)J
findings to estabh{?ﬁﬁé\pattern. '

7. Students who did not elect any science after, the required

year left high school with relatively 1ow levels of science process

0 - o

skill, knowledge as measured by the SPCT, This was true in all,three -

v ‘ s
schools. While no measurements were made in the. process skill
1 >

s

competency areas of Exoerimenting and Communicating, it is reasonable

» N

to infer that these areas were also relatively low because of theip:

suhsuming relationshii/;o the more hgijc scienck process skills

L}

assessed. //‘ oY X
' / . | v ot
/'
S - 200 '
s~ |
A o Y )

l
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»

8. The fcience process gk111 competency concerned wWith students

N - 1 '
being\ahle to recognize and use scientific médels was not heing o

effectively add;essed by existing first-level science courses

9, Tﬁe'Physical Science course at Clackamas High School and

Pl

the Unified Science course~af Rex Putnam High, School more effectively .

-

addressed the science process skill c&mpetepcies than 'did the other .

-first-level science courses in the school district.

LY N

10. The amount of variation in science process skill knowledge £,

¢ -

as measured by the SPCT that could be accounted for on the basis of

sex wag small (e.g,, two to three percent) and consisteatly fayoréd

maleg. This is An general ag:eemeht'with findings reborted in the"

literature, and especially consistent with the meta-analysis findingé.

11. Age, when freated separately from gfade level, was not a
; »

significant variable accounting for two percent or more of the SPCT
\ . . ld

variance in either Sample One or Sample Two: This is in agreement . ’

.with high échooi level findings reported in the literature.

12. The science program (Unified Sciegce course plus elective

A S -

+

science courses) at Rex Putnam High School produced students with

significantly higher levels of science process skill knowledge "as
measured bylthe SPCE than did the programs at the other high schools. °

13. The required. science programs at Rex Putnam High School ahq K
\ \ . - e

Clackamas High School produced students with significantly higher

- 3 »

levels of science pidéess‘skill'knoéledge as measured‘by_the SPCT

than. did the required science program at Milyau&fe High School.
~ - N (] ﬁ ‘. \ x R

i ’ . o . ‘v -~ . \
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14, The declared teacher emphasis on the science process
. I .

skills showed a'strong relationship to student performance on the

SPCI This is in general agreement kith the findings reported in the’

'

literature : , |

r ‘ . ,
K Recommﬁgdgtions s

1/ Singe the most important student variable associated with

» gcience process skill knowledge was the level of academic achieve-

ment, it is ?ecommended thdt the school district continue to increase

its‘emphasis on basic.skill development at all grade lévels. In T

addition; it is:recommended that science instruction in the high

S

schools be designed to concurrently gmphasfze and strengthen basic:

skill development in students, especiallz,in the afeas of mathematics

. and reading‘ Appropriate inservice education activity should be

undertaken to facilitate the implementation of this recommendation.

he ]

2. Since tenth-grade students as a group achieved higher levels

-

of science process skill knowledge than did ninth—grade étudents

‘during tie required year of science, it is recommended that the

&

required year of science be designated af grade ten in all buildings.

»

It is also recommended that provisions be made for ninth-grade

- »

students with high levels of academic achievement to complete their

v
v

requ}red ‘science during grade nine. This would provide them with

the maximum opportunity fo take'adVantage of the eléctive scitnce

.

, program within each hnilding

. ~

3. Since ‘the completion af ome or more years of high school

scienge after the required year regsulted in significantly higher

- . -
- . . , -
‘ (
4 -
.
. * . .
v . . .

LN
£

o
e
‘g
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.levels of science proceSS skill knowledge and students who have left

.
» . v ~

, achool with only.one year of science had relatively low leVels of

. science process skill knowledge, it is recommended that two years of

. ¢ -~
'
- [y

science be required during high school. . ’ . - ft

R . 4, It is.recommended that ingervice trainﬁng in the science

LY
-

process skills be implemented for all high school science teachers.
! . ' .
' . The inservice design should~include provisions for instruction

4 » J

w ‘ v - M

directed towards incressing the level of teacher understanding of

-t ov
-

the science process skills, instructional strategies appropriate

- . 0 ‘.—

» T fhr teaching the varibus sciegce process gkills, and evaluation

‘. 2
@ !
N\

techniques for assessing the level of science process skill knowledge

~'s " “ t

T of students. Thg science process skill with the highest priOrity ‘

' wiﬁhin the inservice structure shOuld be Medeling.

' 5 Since ‘the Milwaukie High School required science program-
was significanxly less effective than the pregrams inqﬁhe other two

schools in terms of student.posttest levels of science process skill

19

knowledge, it is recommended that the program “be closely examined in

terms of’year "that science is’ required, emphasis on the science
’ , , B . ¢ i. . LN . .
e process skills, and instructional strategies used for teaching the

L

‘s&ience process 'skills and changes implemented to, improve the level

P K

of science procesy ski11 knowledge being attaine& by students. It
" ' *

is further re¢onmended—that the SPCT be used as one of‘the ;riteria :
,

for{judging the effectiveness of any changes that are made in’ the

| . . . . Y | . . . .
.- - AN .
program. . . . . S . - . s

* Ik 3 . ' ¢ oA
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’ _ 6. In order to facjlitate the design and «implementation of
. < L. s '

instruction and the evalulition of learning outcomes in the sciénce

. B v e

process skills, it is recommended that the district adopt defini-

tions for the science process skills included in the minimum

competencies and revise the science process skill cémpetency state-’
- ( r

il
7

’ »

- i .o
ments in order to: » .

. / a) Avoid including two or more different process skill
competeicies (e.g., make laboratory observations and make inferences

from these observations)fwithin a single competency statement

action (e g fit an object into a scientific classification sc&em

FES

and accompanying sample performance indicators ‘that specify anothe

b) Avoid competency statements that speéify one learnerl
.
|
r

: ' action (e.g., devise a classification scheme) i

c) Include,sample performance ‘indicators in a general
I , ’ .

- science context as well as in the context of each of the’ types ‘of

%
-

science being used at the required*science ‘level -

1y c ‘ N {
7. It is recommended that the district continue 'to use the *

» ¢
SPCT as a measure of science process skill knowledge and strive to?
'improve the district s science program until the mean for students;

completing their required year(s) of science in each buflding and the

-~

~ " " Jdistrict as a whole reaches a minimum of 12.00.. .
'“&. It is recom?ended that the school dlst;ict Lonsider the use

.
. N . ‘

of this study as a model for evaluation of the level of student

. achievement and instructional programs in the high‘scgool level
A ¢ R » t c.
. - minimum competencies in other,’areas of the curriculum.

%




. science précess skill knowledge in the approximately 15 science

skills"in the laboratory settfng.

-

: ‘ _ : 262

SPCT, Instrument

‘ v

The SPCT ﬁqy be wortﬂy o% further~development, based upon its
YeLgtivebfréedoﬁ from questions cast in a single science context,
r;nge of épprbpriate grade levels, apparent external validity, and
accébtahle level of reliability.
The following represent poteng;al activities in the further
dEVélopment and/or, use of the SPCT instrument. \ o "Z
1. inc;eased use of- the inétrument, especiaily outside of the
North Clackamas-School ﬁistriht,’{n order to establish norﬁs.
%. Expansion of the instrument to include Subtests measuring

¢

process skills generally acknpwledged as‘appfopriate learning out-

-
-

comes for high sg¢hool science programs.
u*3. Item and faétér analysis procedufes with appropriate revision
in ordgr to strengthen th% ability of Subtests to effectively _ﬂ,// .
measurefthe level of knowiedge in the science process skills, N
4. A 'study to détermine the correlafioh between student scores

on the SPCQ and its Subtests and student performance of the same )

e «
[ »

) . r
5. Investigation of a pogsible "ceiling effect" for more able

¢

students.
3

6. Investiggtion of possible reading level limitations for { \
L . Fl

. i
_less able learners. - , , .

-
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{ Desirable Studies

~

The review of the literature produced a rather surprising
dichotomy relative to'sciepce procéss skill Iearning outcomes at
tﬂe high school level.- It was apparent that science process skill
learning outcomes are being promoted as highly valged, but it was
also apparent th;t there is afpaucity of published fesqa;ch rflative

to the teaching and Iearning of science proceas skills at the high

"school levél. There is, therefore, a high priority need for research
directed toward providing greater understanding of the teaching and

learning of ’science process skills in high school science. T}E::;;;;
; , .
is especially great in the area of instructional strategies and

during the required year(s) of science.

*

The importance of type of science in the teaching and learning
* \
. v A
of science process skills is still very much an open question. e
{ -

. Variation in emphasis on the science process skills, science process

» » -~

+ skill knowledge of teachers, instructional strategies, ﬁse of the
. » . . * .
f\‘n/‘}" laboratory, and a number of other teacher-related variablgs combine T
; ~ ) , e
/
/ with student differences in academic ability, beginning level of
4 . '

. science processa.skill knowledge, stage of cognitive development, ,

l

/ and other variables to require carefully controlled experimental ". *

.\ / studies, which at thig’ time appear to be extremely limited. ¥

T The effects of teacher inservice on, student qurniqg outcomes’ .
. & ' \ ®

in the science procesé skills is 3% area of major importance to School,\ O

ﬁisffiqts desiring to improv; the science process skill knowledge of \

their sfudents. 'This would be an especidlly"appropriate study in the,‘

~

’; * ) '
i ' ' R , |
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North Clackamas School District, where haseline data for student

"
.

science process skill knowledge without teacher inservice training

are now available. ,

The retention of science process skill knowledge by students
is a basically unexplored.question at the high school level. “The ,

findings of this study appear to be the only results ayailahle

at this time. Another question of interest is the usefulness of the

R ]

science process skills, especially outside of formal science instruc- .

N % - ,
"

tion.:-

Much needs to he done in better understanding the nature of the

7

individual science process, skills in relation toithe readiness and

" limitations of the high school age learner, as well as strategies

appropriate for teaching the skills. A fundamental question worthy

of investigation is the comparative effectiveness oﬁ science, process

skill instructional units and science process skill instruction b§
means of infusion. chh of the knowledge that currently is avail-

)t '

able 'im these areas is reported under the general heading of

’
.,

developmental psychology, 1earning theory, or related titles,

‘

Consolidating and expanding the existing knowledge and then reporting

3 . . I .

it’ in reflation to the science process skills or individual science

. T .
process S lls would be a mqst nseful and welcome endegvor ‘in the ' -
science educatjon community. ’ ST . .
. * - v . - - '
W2 . A ’ [S .
v‘ ’ ¢ f 4 '
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