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ABSTRACT

The State of California has responded to the national reform
movement in science education by publishing a new science.
curriculum framework. This framework suggests that at least
twenty-five percent of class time should be devoted to
inquiry based hands on activities. The framework also
recommends the implementation of an integrated science
curriculum for kindergarten through tenth grade students.
Since positive student attitudes toward science have been
found to affect the pathways that students choose in post-
secondary education, a study was conducted to evaluate the
impact of a newly developed integrated curriculum on the
attitudes of secondary science students. Using an attitude
assessment survey, a comparison of student attitudes was
made between ninth grade biology students and ninth grade
integrated science students. 442 grade nine students from
Cajon High School in the San Bernardino City Unified School
District partlclpated in the study. The results of the
study found that a greater percentage of blology students
had more positive attitudes toward their science class than
did integrated science students. Factors that were
identified as possibly contributing to the difference in
positive attitudes were student experience with 1nqu1ry
learning, teacher enthusiasm, and a reduction in textbook
directed learning. ‘
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INTROﬁUCTION

Pre;college science education in the United States is
durrently undergoing‘one of the biggest reform movements |
since the post Sputnikvera (1993, BeardsleY). Spurred by
reports that the performance of U.S. science students falls
far below the performance of students from other nations
with comparable standards“ef living, the reform movement hes
attempted to redefine the goals of science education for the
twenty-first century (1992, Commission on Teacher
Credentialing - State ef California). Traditionaliy, the
role of science education in secondary school curriculum has
been thprepére students for further educetion at the
college or university level (1986, Mayerj. The current
'referm movement, however has changed the goal of science
education. The American»Associatien for the Advancement of
'Seience has defined science education’s new goal to be the
development of a "higher level of scientifie literacY"‘in
ailvAmericanS'(1992( Commission on Teaeher Credentialing).

" The State ofrcelifornia responded‘to the national
seienee education reform movement by publishing a new
science framework in”1990; ‘This new framework stressed the
impbrtance df‘experimenfation.and discovery-in the'teaching
Qf-scienée, and'suggested thet‘af-ieastvtﬁenty-five,percent

of class time should be devoted to_"hands-on" activities

that stresSed‘inquiryriearning/(1990;fScience Framework for

california Schools). The requirement to use more inquiry
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leatning'in‘the sgiancettiassroom'wasiintended to pfovide_
,studehts withtan oppértuhity toiexperience‘the process of
séiehce.',The'aﬁtﬁcrsuaf_the framawork{haped'these
expériances wauld help studenta develop an understandiag of
theiprdcéSs,Qf saienceaand that students Qould come to

appreciatevscience as a tool for solvingipfoblems (1990,

SCiencéuFramewofk'for California Schools) .

| vAnother majorrchange patlined‘by‘California's 1990
ScienCeaFrameworkvwasﬁthé transitioh from the traditionai
sequential‘curriculam approach to the devélopment of an
_ihtegrated séiehce curriculum for kiﬁdergarten'through tenth
.grade studeﬁts. Integratad science instrﬁtts_students,in |
all areas Qf,sciancé simﬁltane6usly; by using a»unifying
topic. It is belieted that an integrated approach will
increasé student enjoymeht}ahd’performance,ibecause it
allows students to’link ideas from one lesson‘to the next

and demdnstrates,the inter—relatedneSS of science concepts

"(Scieace FfameWofk'for'Califarnia Séhoois, 1990) .

: As;tﬁe:hew changestﬁfbposedvby Califorhia's 1990
vsdience‘Frahework are'implemented, an important
consideration that must be remembered is that "to be
effective, science education Shouid'bé,éﬁjéyable" (1990,

_ ScienCe‘FrameWOrk for‘Calierhia.Schoala; p.’i). Current -
educatianal research éuggests that"attentiqh must be giveh
to‘studént attitudes becaUSe‘studant attitudes greatly

affect the pathways that students choose for post secondary
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education (1994, Simpsoh). California’s 1990 Framework
describes one of the responsibilities of educators is to
ensure that historically[underrepresented students have an
equal opportunity to succeed in science related endeavors.
The research on student attitudes toward science suggests
that if students from underrepresented groups are going to
choose pathways that will lead to science related careers,
then these studehts must‘euﬂoy their experiences in the
science classrocmi(1994;iSimpson).JV
The purpose of this study was to evaluate the impact of

‘the nery developed integrated science curriculum on the
attitudes of secondary'science students. Prior to
completinélthe study if was believed that the use of an
integrated science curriculum would not affect student
attitudes toward their science class but that the increased
use of inquiry based activities would result in more
positive student attitudes.

| The students that were evaluated in this study were
ninth grade science students enrolled at Cajon High‘School
located in San Bernardino, California. Cajon High School is
part of the San Bernardino City Unified School District
which has a total cfvfifty—seven schools and a student
population of over 45;000. Cajon High School is one of four
comprehensive high schools in the district and has a student
population of just over 2200. The ethnic make up of Cajon

High School is 38% White- not of Hispanic origin, 37%



Hispanic, 17% Black- not of Hispanic origin,land 8% other
(1994, Cajon High échool Self Study'Report);
The students who participated in this;Study were

: enrollediin either‘a biology>program or an.integrated
‘science I program. The Integrated Science Ichurse is
designed_to.integrate‘concepts from biology;iearth science
and biochemistry and'is more similar to a life science |
program than’a physiCal science‘program. ,Theld
characteristics of the studentdpopulation in each course”was
dependent°upon the nature of each student!s course of study.
Students that are considered to be honor students in science:
are enrolled in the ninth grade honors course des1gnated as
Pre Internatlonal Baccalaureate Biology (PIB Blology)
Placement 1nto the honors course 1s generally determlned by
past school performance, teacher recommendation, and parent
request.l Students that are not enrolled in the honors
rs01ence program are elther placed 1n college preparatory
blology (Blology C), non college preparatory biology
(Biology A) or the newly formed 1ntegrated science course
(Integrated Science I). Placement 1nto the integrated
‘s01ence program is done randomly by computer w1th no
'attentlon_belng glven to the academlcrsklll level of the
student; Integrated»science{classes;are}ﬁtherefore,‘
vconsidered_todbebcomposedvofsa heterogeneOus student
population. The number-of studentslenrolled in theb

~integrated science program is limited by'the number of



teachers participating in the pilot program (3 teachers).
Students not placed in‘PIB Biology or Integrated Science I
are placed into either a college preparatory blology class
(Biology C) or a non-college preparatory class (Blology A).
The student’s past academic record is used to determine in
which level of biology the student is placed.

S Students from the classes of several dlfferent teachers
were used in this study The follow1ng is a brief
”descriptlon of each teacher’s. qualifications for teachlng
secondary science. Teacher A teaches integrated science and
currently holds Single Subject‘Credentials‘in Chemistry,
Life Science, Geology, and Physical Science from the State
of California. Teacher A received a B.S. in Biology and a
Master of Arts Degree in Educatioﬁ, and has been teaching at
this school site for six years. Teacher B teaches
integrated science and holds a California State Single
Subject Credential in Life Science and a supplemental
credential in Earth Science. Teacher B received a B.S. in
Resource Science and has been teaching at this school site
for two years. TeacherzD teaches college preparatory
biology and has a California State Standard Secondary Life
Science credential, ‘Teacher D received a B.S. in Biology
and a Master of Arts degree in Botany, and has been teaching
at this school site for twenty years. Teacher E teaches
college preparatory biolcgy and has a California’State

- Emergency Credential in Life Science. Teacher E received a



B.A. in Physical Education and has been teaching biology at
_this school'site for two years. Teacher F teaches non-
college preneratory biology and has‘a California State
Single Subjeot'Credential’in‘Life Science. Teacher F
received a B.A. in Physical Education and a Master of Arts
degree in Education. Teacher‘F.has been teaching at‘this

‘ school site for four years. Teacher H teaches Pre
International Baccalaureate Biology and holds a California
State Single.Subject Credentiel in Life Science. Teacher H
received a B.S. in Wildlife Biology and has been teaching'at
-this sohool site for seVen\years. One teacher teaches both
‘integrated science and Pre‘International Baccalaureate
Biology. This teacher was designated as Teacher C when
teaching integrated'scienoe;_and as Teacher G when teaching
Pre International Baccalaureate Biology. Teaoher C/G holds
a California State Single Subject Credential in Life Science
and a supplemental~K—9 General Science credential. Teaoher
C/G received a B.S. in’Biology end has‘been teachind at this

school site for five years.

PROCEDURE

A prellmlnary survey was admlnlstered to 187 first year
science students at Cajon- ngh School to establlsh if a
'dlfference in student attltudes ex1sted between students
enrolled in the nlnth grade blology program and students

enrolled in the nlnth grade 1ntegrated science program.



This preliminary survey cons1sted of thirty Lickert scale
questions obtained from the Iowa Assessment Package for

"Evaluation 1n F1ve Domains of 801ence Education (1989,

McComas) . . The questions that were selected for this survey
‘were designed to evaluate student'attitudes_toward their
current.scienCe’class_curriculum, the instructional
strategies employed by the'teacher) how often students
performed activities and laboratories, and how students felt
about science in general'(Appendix A). Teachers were also
asked’to complete a questionnaire for each class that
‘participated in the surﬁey. Teacher information included
class size, the predominate grade level of students, the
oerCent of time students were required to perform hands on
activities and the percentbof time students were required to
perform experiments (Appendix A).

After collecting data fronbthe preliminary survey, the
criteria were established of what was considered to reflect
a positive attitude.  "Yes" responses to theiquestions "Is
your science class fun?", "Is your science class
interesting?", and "Doiyou look forward to going to your
science class?" were considered to reflect a positive
attitnde. Also considered to be a positiVe response was the
choice of science as the student’s favorite subject. After
the criteria for measuring positive student attitudes were

defined, a comparison of student attitudes was made between



the 1ntegrated 501ence program and the blology A, blology c,
and PIB blology programs.

Prev1ous studies on .the use'of a new curriculum
1ndlcate that the type of currlculum employed has little |
_ effect on student attltudes (1994 Slmpson). Informatlon
from_the prellmlnary survey in this study revealed that'ad
differencevin student‘attitudes_toward the'hiology program.
’and the 1ntegrated s01ence program d1d ex1st. A major : |
'dlfference that was observed between the two programs was
student perceptlon of tlme spent performlng acthltles or
laboratorles.’ This flndlng resulted in the formatlon of:two
hypotheses: 1)i.vMore’positiVe’Student attitudes would be
obtained from students who'performed experimentally oriented
activities more frequently'than other students, and 2). The
_type'of curriculum used to instruct students would not
affect the frequency of positime student attitudes. To
specificaily address these hypotheses, the questions on the
survey were changed to evaluate only two,areas, student
attitudes and time spent perfOrming activities that are .
associated with experimentation. The'first eight,questions
of the second Version'of‘the survey were taken directly from
the preliminary survey.’ The remaining seven questions on
the survey were‘nery constructed and asked students to
estimate how frequently they were reduired to perform

different stepsnof the experimental processes (Appendix A).



The preliminary teacher questionnaire also had to be
modified before administering the eecond student survey.
The information provided by some teachers’wasknot congruent
with respect to the time etudents.were reportedly performing
hands on activities and experimental laboratories. The
teacher estimates of hands oﬁ activity time and experiment
- time appeared to be exaggerated when compared to the student
data. Teachers also expressed difficulty in distinguishing
- between hands on activities and laboratories that were
experimental.' The questions that were used on the teacher
survey to estimate the frequency that students performed
specific activities were therefore, the same seven as those
used on the student survey. Questions which were designed
to evaluate teacher attitude toward the curriculum were also
included, as well as questions that asked teachers to list
factors that limited themvfrom including more experimental
activities in their program (Appendix A).

The second survey was administered to 366 ninth grade
biology students and 176 ninth grade Integrated Science I
students; The‘administration of the student'survey was done
by the seven participating classroom teachers after the
firSt twenty weeks of school had been completed. Teachers
were asked to complete one questionnaire’for each subject
Ataught.‘ Once ali student survey.ansWer sheets were
collected, the results were tallied and analyzed for each

teacher and for each program. The results of the survey



Collected»frqm the‘thrée levels of biology classes were
tallied separatelj from each other so that comparisons

- between students of different skill levels could be made.
Data from the Biology C and Biology A programs was also
grouped so that cpmparisons ¢ould-be made between groups of
studenté’thaﬁ hadvsimilar skill levéis. A decision to not

pair-match student data was made due to time constraints.

REPORT OF SURVEY RESULTS

A comparison of Biology A student data to Biology C
student data reflected that Biology A students have a more
positivé attitude toward their science class tﬁan}Biology C
students (Table 1 and 2: Question 1, 2, 3, and 5). Bioldgy‘
A students also appear to perform activities less
frequently, use a text book less frequently, and enjoy
problem solving less than Biology C students‘(Table 1 and 2:
Question 9, io, and 15). then a comparison of studeﬁt
attitudés was made between the integrated science course and
the Biology A course, it was found to exhibit the same
relationship that was seen when a comparison of student
attitudes was made between the integrated science course and
the Biology C course. The same relationship between the two
biology courses and integrated science also existed when
time spént performing specific activities was compared. A
decision'wgs made, therefore, to group Biology‘A and Biologyu

C data together so that when comparisons were made between
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the two student populations they‘were being made between
populations that had students with similar skill 1evele.

A compafison of'stﬁdent attitudes between integrated
science and Biology A and C students revealed that overall,
biology students (students enrolled in Biology A and Biology
C) enjoy their science course more than ihtegrated science
students (Graph 1). Table 3 reflects that 53% of the
biology students surveyed felt that their science class was
fun (Question 2) and 64% feit that their class was
interesting (Question 3). Of the integrated science
students that were surveyed, however, only 22% felt their
class was fun (Table 4: Question 2) and only 40% of the
stﬁdents thought the class was interesting (Table 4:
Question 3). Another indication that biology students enjoy
their science course more than integrated science students
is the fact that 16% of biology students stated that their
scienee course is their favorite subject in school (Table 3:
Question 1), and 49% of them look forward to going to their
science class (Table 3: Question 5). Only 5% of integrated
science students stated that their science course is their
favorite subject (Table 4: Questiqn 1) and only 21% of them
look forward to going to their science class (Table 4:
Question'S). | -

Originally, it was hypothesized that positive student
attitudes would be linked>to increased activity time. When

a statistical comparison of student enjoyment and time spent
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.'perforﬁiﬁglhands on éctivities'wééfdéhé usiﬁg a standard
Chi—Sduaéé test;'theVrésults indiCatedvthat although thelﬁwo
factors_were_fdund to be significant1y related at the .001
level, the correlation coefficient, phi, was calculated to
be oniy .254. This low correlation coefficient indicates
that althbugh étudent enjoyment and activity time wére found
to b statistically related,’they do'not have a strong
correlation. The weak corrélation'between increased
activity time and positive student attitudes can be
evidenced by viewing individual teacher data. Graph 2 shows
that a low percentége of Teacher D’s biology students (26%)

- reported that they perform activities frequently or
sometimes, and yet 65% of Teacher D’s students report that
this class is fun and 61% state that they look forward to
going to class. Eighty-six percent of-Teacher A's
integrated science students state that théy perform
activities frequenfly or sometimes and yet ohly 22% of
Teacher A’s students think the class is fun and 16% of them
look férward to going to this class (Graph 1).

Although the newly implemented integrated science
program was designed to have more hands on activity time
than the traditional biology program, the data indicates
that this is not necessarily the case.> A comparison of the
frequency of performing activities and eXperiments between
integrated science and biology revealed that overall, the

two programs are not very different (Graph 3). Sixty-eight
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‘percent of the integrated science stﬁdents“indicated that
they performed activities-frequentiy-or sometimes (Table 4:
Question 9). -Sixty-one perceht of'biology>students
responded in the same‘manner>(Table 3: Question 9).

A large difference in the types of activities performed
was'found'between,the two courses (Graph 3). Responses to
questlon 11 1ndlcate that 46% of 1ntegrated students felt
vthey were" requlred to make a- hypothes1s elther frequently or
sometlmes (Table 4), whereas only 27/ of blology students
felt. they were requlred to form a hypothes1s frequently or
sometimes (Table 3). tThe dramat;e_dlfference between the
two eeurses‘with respeettte hypethesiZing may ihdicate that
_the integratedbseiehce program'asks Stﬁdentsvto use’problem
solving and experimentation skills’more often than the
,biolegykprogram. | N
| Although there is.a fairly large difference between the.
two programs with respect to studentvperception of time |
spent hypothesizing, there is little»difference betweentthe-
two CQurses‘mith respect to time spent eellecting data
(Graph 3). Table 3 imdicates'that 69% of biology students.
felt that they were required to collect'data either
_frequently or sometlmes (Questlon 12), whlle 64/ of
1ntegrated s01ence students felt they were required to
- collect data elther frequently or'sometimes (Table 2:
Question 12). The discrepancy between time spent

hypothesizing and time spent collecting data in the biology



program suggests that biology studentsfmay be performing
activities that are moreiobservational than experimental in
nature. |
Another‘major difference between the two programs with

respect to the type of work‘performed was found by comparing
‘thevamount of time students spend using a textbook (Graph.
| 3). The data reflects that biology classes use the textbook
_much more frequently than the 1ntegrated science classes.
Ninety-one percent of the surveyed biology students stated
~ that they:used'a textbook‘either frequently or sometimes to
_complete their work (Table 3: Question 10). Only.66% of the
integrated,science-students stated that they used a textbook
frequently or sometimes'(Table 4: Question iO). A
comparlson of the percentage of students who responded that
they use their textbook frequently to complete their work
was even more reveallng. Seventy-four percent of biology
students stated they use attextbook frequently to complete
ass1gned work (Table 3: Questlon 10) whereas 35 of the
1ntegrated s01ence students stated they used a textbook
frequently (Table 4: Questlcn 10). |

1 In compariscnatc‘integrated science.students, biology-
students seem to feel that thelr sc1ence course is more
relevant to thelr llves.‘ Flfty percent of the biology
students ‘surveyed indicated that their study of science'will
be useful to them (Table 3: Question 7) and 34% stated that

~ they use the_infcrmation learned in class outside of school
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(Table‘3i5QueStion 6)' Only 39; of 1ntegrated science
students, however, felt thelr study of 501ence would be :
‘useful to them (Table 4°‘Questlon 7), and 30/ of them stated
vthey used the 1nformatlon they learned 1n class out51de of
v,;school (Table 4' Questlon 6) h These dlfferences could be
ksdue to a preference for llfe science over phy51ca1 sc1ence,
:l?although thls does not seem very llkely 51nce the currlculum
of,Integrated Sc1ence I revolves~aroundvblologlcal concepts.
‘ Although blology students appear to have a more" o
ip051t1ve attltude toward thelr science course, thls d1d not

seem to affect student attltude toward choos1ng a profess1ony

in the fleld of s01ence.' In both programs, only 16/ of the-1>"

l students felt they would llke to have a profe551on in the
fleld of sc1ence (Table 3 and 4: Questlon 8) o

' A,comparlson of the results from the honors biology
vcoursei(PIB:Biologyj,with those of'other_science courses S
reflectslthatyPIB Biolognytudents responded_withbthe' | l
yvhigheSthfrequency ofipositlve student attitudesrtowards
,theirISCienCe”COUrSe (éraph 1)" Slxty percent of PIB
blology students state thelr class 1s fun and 72/ of these :
students state thelr course is 1nterest1ng (Table 5°
‘Questlon 2 and 3) Twenty-flve percent of PIB Blology
students also stated that they would llke a profe551on 1n
" the fleld of s01ence (Table 5 Questlon 8)
| PIB blology students also seem to- be requlred“to

perform act1v1t1es more frequently than the students in

15



other sc1ence courses (Graph 3) Slxty-51x percent of PIB!;

'L[ blology students state that they perform act1v1t1es or :

':,laboratorles frequently, and 999 of these students state

'B,xthey perform act1v1t1es frequently or sometlmes (Table 5.,“

;‘questlon 9) . Not surprlslng then is the fact that the PIB,,f~5"'

lBlology program uses the textbook 1ess often than the other- E

;sc1ence programs.p Only 18/‘of the surveyed PIB Blology
students responded that they use thelr textbook frequently
‘p(Table 5. Questlon 10) ‘ | _ o

| The type of act1v1t1es that PIB Blology students arew‘”

»krequlred to do appears to be more experlmental in nature o

-‘than the work other s01ence students are requlred to

':perform : Seventy one percent of the PIB Blology students o
stated that they are requlred to make a hypothes1s ' ‘
'frequently, and 27/‘stated they must make a hypothes1s
’sometlmes (Table 5' Questlon 11)

: PIB blology students enjoy problem solv1ng much more:'
than“other sc1ence students. Flfty-nlne percent of PIB
Blology students state that they llke d01ng work that -
h‘requlres them to solve a problem (Table 5 Questlon 15); buth}

only 31/ of 1ntegrated s01ence and Blology A and Cc students

L lstated that they enjoyed d01ng work that requlred them to L

N .solve ‘a problem (Table 1 and 2.‘Questlon 15) A comparlsonra
,between the students of dlfferent levels of blology
ﬁlndlcates that enjoyment of problem solv1ng may be llnked

'w1th Sklll level Flftyfnlne percent oprIB;Brology-

16



students stated they enjoyed doing work that required them
blto solve a problem, while 35% of Biology C students and 22%
:'dof Blology A students responded in the same manner.

A comparison was made between teacher responses and the
majority of student-responses. The two areas that were
looked at were frequency of performing athvities and
frequency;of hypothesizing. All three of the integrated
science:teachers responded with higher frequency estimates
in both areas than did their students (Table 6). Only one
gbiology teacher responded with a higher'estimation for time
spent hypothesizing, when. compared to the majority response
of thelr students (Table 6). These results suggest that
student perceptlon of tlme spent performingvspecific
hactivities is probably a conservative estimate of the time
the integrated science and biology programs devote to
activities. The PIB biology teachers and the majority of
the PIB'Bioiogy students'made the same frequency estimations
. for time'spent,performing”activities‘and'time spent
hypotheSizing; fThe'estimates}made bydthe PIB’Biology
students-are probably fairlYﬂaccurate‘estimations.

| Reasons 11sted on the teacher survey for not including
more 1nqu1ry based act1v1t1es ‘were lack of plannlng time,
inadequate facilities, too large of a class size, and poor

student attitudes (Table 6).

17



ANALYSIS OF RESULTS

The purpose of this study was to determine if the
atfitﬁdes of‘ninth grade science students would be affected
by the use_of-ah integfatéd science curriculum versus a
traditional biology curricﬁlum. The study was also intended
‘to determine if the attitudes of ninth grade science
students were affected by the amount of time students spent
performing inquiry-baéed activities. 1It was’hypothesized
that curriculum type would not affect positive student
attitudes, but that the increased frequency of performing
experimentally-oriented activities would generate more
positive student attitudes. The data from this student
survey does not support this hypothesis. Although positive
student attitudes were‘found to be correlated with increased
activity time, the correlation between these two factors was
not found to be strong enough to be significant. A factor
that was found to be influential over student attitudes was
the type of curriculum being used. The data clearly
supports that biology students have more positive student
attitudes toward their science class than do integrated
science students. Current research, however, indicates that
curriculum changes do not tend to affect student attitudes
(1994, Simpson). Factors other than a difference in
curriculum were, therefore, looked at to determine if they

might be influencing student attitudes.
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One”factor that could be influencing student attitudes
could be the skill level of the student and the type of work
expected from the student Integrated science classes are
composed of heterogeneous student populations‘with student
skill levels ranging from much beiow grade level to above
grade~level.v The data suggests that the integrated program
reguiresvstudents to'use scientific thinking skills, such as
hypothesiZing, more oftenjthan'the regular biology program
(Graph 3). This is in spite‘of the fact that integrated
‘classes often have students with limited experience in
’vproblem solving. Negativevattitudes could, therefore be
generated as a result of many students belng uncomfortable
w1th this type of work and finding it frustrating. When
integrated science teachers were interviewed it was found
many of their students have difficulty following the
activities and are not able to draw conclusions from the
‘activities. This suggests that a preference for the biology
program may ‘not be a result of curriculum content, but could
be due to us1ng methods with which students are unfamiliar.

'The data from the PIB classes supports the hypothesis
that student skill level and the type of work required could
‘ be influencing student attitudes. PIB Biology students
responded’with the most positive student attitudes of any
group tested. This occurred even though the data suggests
that these students arevrequired to perform activities that

require scientific thinking skills more often than other
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scienCe:stﬁdents (Graphe3); A reason for PIB Biology
rstudents:fesponding with more positive attitudes despite
pefformingltasksifhat afe‘conSidered to be more difficult
could be a result of PIB Biolegy students being more
 comfortable ahd familiar with problem solving activities.
The higher comfort level of PIB Biology students could be
due to the fact'that meny of the students enrolled‘in thie
course have been preyiously identified ae’gifted and |
- talented and have participated in GATE (Gifted and Talented
Education) proérams'at the elementary or middle school
" level. GATE programs fend to stress the importance of
developing problem Solving skills through the use of
‘experimentation‘and Qpen4ended activities.. PIB Biology
students;'therefere, should be more familiar with an
activity based progfam'and a.pfogram that requires skills.
beyond the,basic knowledge level. This famiiiarity could be
causing’these_students to,enjoy problem SOIVing activitieg.
mofe then other science students. Supporting this idea is
the factvfhat the percentage df biology students stating
that they enjoy problem sél&ing‘inCreased as the academic
level of the biology'stﬁdent increased (Table 1, 2, and 3:
Question 15). | | “ |

If the hypothesisvthat familiarity and experience with
problem'solving‘aCtiViﬁies affects positive student
attitudee, then‘it could be expected that over time positive

student attitudes will increase in the integrated science
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students. Interv1ews‘w1th integrated sc1ence teachers
suggest that thls might already be happening These'
teachers stated that their students are becoming more
receptive to open-ended act1v1t1es and ‘are also becoming
more proficient at work that requires more than just

knoWledge level 1earning In order to confirm 1f attitudes

“u_ w1ll 1mprove as students gain more experlence in problem

osolv1ng, the survey should be admlnlstered at the beglnnlng
and end of the course and the results should be compared
Additionally, the same students could be used in a two.year
longitudinal‘study to determine if increaSed problem solving
- experience affects the freguency of positive student
attitudes. N

Another indication that the type of work required of
integrated students might be affecting'student attitudes is
the fact that the integrated program is less dependent’on
the use of a textbook. The traditional biology program has
the benefit of‘using a well-developed textbook that is
designed to address the content. Teachers, therefore, have
a resource that they are comfortable with and can rely on to
help disseminate 1nformation. The 1ntegrated program not
only depends less On the use of a textbook, but does not
haye,a single textbook that addresses the'curriculum in a
format that is comfortable for teachersgb As a result,
integrated science students‘are required to listen,

summarize, and learn information through their own
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experiences more often than most biology}students.; These
students often find the work more difficult ahd frustratihg
Interv1ews, w1th 1ntegrated science teachers predicted that
the students probably would not like the1r class because it
requires "too much workﬁ and the students feel the work is
‘ﬁtoo hard"_because it‘makes them "think too much." As
integrated students becOme:more comfortable with this new
method of_acquiring information'thelr attitude toward their
science class may improve., |
Ahoher factor that could be causing a less positiue |
-attitude from integratedvsciehCe students cQuld be teacher
~attitude. Teacher A_hadrthethighest percentage of Students
respohdihgvﬁNO" to the question "Do.you think your‘science
class is fun" (Graph 2). Teacher A was also the ohly
teacher who reSponded'"NO“ to‘the question "Dohyou enjoy

teaching the curriculum content of the course" (Table 4) .

- Follow-up 1nterv1ews w1th other 1ntegrated sc1ence teachers

bsuggest that teacher attltude could 1ndeed be 1nfluen01ng
student_attltudes. ,The_other two 1ntegrated solence
teachers,:for'example;:stated that although they did hot
dislike the 1ntegrated currlculum, they dld prefer teachlng
, the blology currlculum.‘ Since teacher enthus1asm can eas1ly
be percelved by students, 1ntegrated sc1ence students may
‘have a less p051t1ve attitude toward their class because
their instructors are still not comfortable with the

program. The teachers in this study COmmented'that they'are
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still struggling with' the appropriate sequencing of topics‘
vand the pace‘of the ¢ourse. As with most science courses,
thé:teécﬁers;still féel that-there is too much material to
Covér‘in too little time. OQer time, itiis expecﬁed that
teaéhér aititudeé“will improVe as>they become more
accustomed to integrating concepts using an activity-based
program. Cdﬁéequently, students attitudes should also
improve.

‘Conclusions drawn from this study are limited by the
weaknesses of the survey instrument and by not pair matching
students for control. One weakness in the survey instrument
was the accurate estiﬁation of activity time. Although a
standard Chi-Square test indiéated that the correlation
between time spent performing activities and student
enjoyment was weak, it is possible that this is not an
accurate:comparison of these two factors. The terms
frequently, sometimes, and rarely do not have universal
definitions and aré’toq broad to accurately estimate time
spent performing activities. Consequently, if the respoﬁses
to these questions used actual time units such as day or
hours, then a more accurate measurement of the relationship
between activity time and student enjbyment cduld be
estéblished.

Another weékneSS df the survey was that it did not ask
students to reflect on how difficult théy felt the class

was, if they felt they were learning, or if they were
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required to work in class each day. It is possible that
positive attitudes were not a result of students liking the
‘learning of science, but occurred because students found the
class to be an enjoyable social setting. The addition of
questions’addresSingvthese areas might allow some
distinction between classes that are attempting to teach
science and those that function merely as holding tanks for
students. | |

The lack of pair matching was also a weakness in this
'study. By not pair matching, the skills and attitudes of
students in»both'curricula comparisons could have introduced

variables that affected the results significantly§

CONCLUSION

The decision of students‘to continue in science
educatlon after high school has been associated with a
positive student attitude toward science (1994, Simpson)
: The evaluation of how a sc1ence program affects student
_attltudes is, therefore, very 1mportant 1f the number of
vstudents‘entering s01ence.related fields is going to
increase; The purpose of'this Study.was to evaluate the
impactiof aniintegrated5science'curriculum on the attitudes
of secondary science students. The integrated science
curriculum reviewed in this study was a district level
interpretation of the 1990 California Science Framework.

Prior to completing the survey, it was believed that the use
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of an‘integrated science curriculum Would.notlaffect.student
‘attitudes toward their science class but that the increased
use of inquiry-based activities would'resultuin more
vpositive‘stﬁdent attitudes.

The results of this study indicated that a greater
percentage of students enrolled in the biology program at
Cajon High School have more positive attitudes toward their
science class than do students enrolled in the integrated
science progran. However, the data also seemed to reflect
that course cqntent was not the factor influencing student
attitudes. Student inexperience with inquiry learning,
teacher enthusiasm, and a reduction in textbook learning
seemed to be factors that could have influenced positive
student attitudes. = The results of this study also seem to
suggest that es etudents and teachers become more familiar
with the inquiry learning method, student attitudes will
probably improve. The program at this high school has only
been implemented for two years and is still in the
developmental stages. Student and teacher attitudes must be
monitored over a period of time to determine if the program
is assisting in the development of positive student
attitudes.

A review of this study’s teacher data reflects that
many of the same problems that hindered science educators
before the reform movement still exist today. The teachers

in this study listed lack of‘preparation‘time, inadequate
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- facilities, and‘overcrOWding of classes as reasons for not
including more inquiry-based activities in_their program
(Table 7).. DisCussions'with individual teachers also
suggested that the lack-of adequate teacher training might
be hlnderlng the use of inquiry learnlng Most of the
“teachers dld not understand the dlfference between a hands
don act1v1ty and an experlmental act1v1ty, nor d1d they
sunderstand how to shlft from the use of re01pe-type
laboratorles and experlments to student de51gned and
vlmplemented experiments. |

The data from this study suggests that student
attitudes at this school site are being negatively
influenced by the use of an activity-based integrated
science curriculum. It is not clear, however, if these
changes in attitudes are temporary or‘long term. ‘It is
important, therefore, that student attitudes be consistently
monitoredvthrOughout thevtransition from the traditional
sequentiai science program to the integrated science
program. If student attitudes oontinue to be negatively
‘affected, then it will be important to look closely at
factors such as teacher attitude and instructional methods
to determine if these‘faotors are contributing to negative

'student attitudes.
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APPENDIX A

EXAMPLES OF TEACHER AND STUDENT SURVEYS
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10.

| PRELIMINARY STUDENT ATTITUDE ASSESSMENT
t FOR A SECONDARY SCIENCE PROGRAM

'fWhat is your favorlte subject ‘in school’

A. language arts (engllsh) - . B. social studles

. C. mathematics = ‘ ‘D. science :
vE ‘phy51cal education . v F. foreign language
~What is your next (second) favorlte subject?

-A. language arts (engllsh) -~ B. social studles

C. mathematics ; D. science
E. physical educatlon ‘

What is your least favorite subject in school?

A. language arts‘: (engllsh) B. social studies
C. mathematics D. science ‘
E. physical education o

Do you use information you learn in science in
situations outside of school? ,

A. yes B. no

C. I don’t know '

Do ydu feel that your science study will help you in

your future study?

A. yes B. no
C. I don’t know

Do you feel that your study of science is useful in
~helping you to make choices?

A. yes ‘ B. no

C. I don’t know

Is your science class fun?

A, yes ' ‘ ; B; no

C. I don’t know

Is your science class interesting?
A. yes ‘ B. no
C. I don’t know

" Is your science class boring?

A. yes ' , B. no

Co I don’t know

‘Is‘501ence class difficult for you?
A. yes ‘ 'B. no

C. I don’t know
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S11.

12.

13,

14 .

15.
16.

17.

19.

20.

Does your s01ence teacher ask you many questions about
-science? - _ R o S : :
~ A. yes o - B: no

-C. I don’t know . ‘

Does your science teacher encourage you to state your
own opinion? IR

‘A. yes . . “  ‘ wol Bﬁ no

C.. I don’t know

Does your’ sclence-teacher like for you to ask questions
about science? ' ' '

-A. yes : . ‘_‘ t-’ B; ho
-~ C. I don’t know . : . : ,

Do‘you think'thattbeihg a scientist would be fun?

"A. yes R : B. no

C. I don’t know

Do'you think that being a scientist would make you

‘rich?

A. yes ‘ ' : B. no-

S Ce I don’t know

‘Do you thlnk ‘that beihg‘a‘scientist would be a lot of

work?
A. yes -~ B. no
C. I don’t know :

Do. you thlnk that being a scientist would be boring‘fdr
you? '

‘A. yes - : ‘ ‘B; no

I don’t know

Do you thlnk that being a scientist would make you feel .
1mportant° o
-.yes . TR S - B. no

'C I don’t: know

fDo you have fun trying to solVe problems included in
. your science class? i :

A. yes ) o ‘ ~ B..no

C. I don’t know

Do your parents ask you questlons about what you do in
" science class? |

A. yes , L B. no;
C. I don’t know :
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21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Do you feel that the science you are studying is

" generally useful to you?
-A. yes ‘ : B. no
C. I don’t know

Do you wish you had more time for science classes in
school? :
A. yes ‘ B. no

C. I don’t know

Do you wish you had more kinds of ‘science courses to

“take?

A. yes ‘ ~B. no
C. I don’t know

Do you think it is important to plan experiments to

test your own ideas to see if they are right or wrong?

A. yes : : B. no
C. I don’t know

Which "kind" of science do you like best?
A. science that is about living things
B. science that emphasizes the physical world

- C. science that stresses the earth and the universe

D. I like them all equally

What do you think is the most important part of
science?

"A. knowing about your world

B. thinking through problems
C. being curious and exploring
D. explaining things you see
E. testing your ideas

How often does your science teacher encourage you to
express your own oplnlon'>

A. always ‘ B. sometimes

C. never

‘How often does your science teacher encourage you to

think for yourself?
A. always S B. sometimes
C. never

What is your sex?
A. female B. male

How often do you perform activities or laboratories?

A. most of the time B. sometimes
C. never ’
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PRELIMINARY TEACHER QUESTIONNAIRE ASSOCIATED WITH -
THE ADMINISTRATION OF A STUDENT ATTITUDE ASSESSMENT

- Dear Classroom Teacher,

Your class has been chosen to partlclpate in a survey that
will assess student attitude toward science education.
Information gained from this survey will be used to write a
‘Masters in Educat;on Thesis concerning the impact of
integrated science and hands on activities on student
attitudes. The survey should take only 15 minutes of your
class time. Student responses should be recorded on the
provided machine grading forms. Please do not have students
write their name on their answer sheet. When addressing the
students, please inform them that this survey will not
affect their grade, but they should be honest and choose
their answers carefully.

While students are completing the survey, please complete
the following information concernlng each class that
participates in the survey :

'Teacher Name , .

Course Title ‘ R ‘ , .

Number of Students Enrolled in the Class | .
Predominate Grade Level of Students
Percent of time studentsvspend performing experiments

Percent of time students spend performing hands on
activities other than experiments .

Percent of time students spend watching demonstrations
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STUDENT ATTITUDE ASSESSMENT FOR A
SECONDARY SCIENCE PROGRAM - VERSION II

Instructions: Read each questlon carefully Choose the
‘letter that most closely reflects your opinion to the
question, and write the letter on the provided answer sheet.
.Do not write on this survey. Before turning in your answer
sheet, please write your teacher’s name, the name of the
course you are taking, and your class period at the top of
your answer sheet. : ‘ e :

1. What is your favorlte subject in. school?
A. English
B. History or 8001al Studles
C. Mathematics
D. Science
E. Other subject

2. Is your science class fun?
A. yes -~ B. no . C. I don’t know
3. Is your science class ihteresting?
‘A. yes B. no. . C. I don’t know
4. Is:your\ssiencé'class boring? =~ - . v
~ A. yes "B. no ~ C. I don’t know
Sﬁ"‘ DO’you look forward to g01ng to your: science class?
~A. yes A B. no c. T don’t know
6. 'Dd‘you use 1nformatlon you learn 1n science in
"~ situations outside of school?
A. yes B. no . C. I don’t know
7. Db‘you feel that your study of science is or w1ll be
~ useful to you’ ,
A. yes B. no cC. I don't know
8. Do ybu think you would like to have a profes51on in thev
fleld of science?
. yes B. no C. I don’t know
9. During your science class, how often do you perform

act1v1t1es or laboratories?
A. most of the time or frequently
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10.

11.

12.

13.

14

15.

B. sometimes
~C. rarely

D. never

During your science class, how often do you perform
work that requires you to read and answer from a
textbook?

A. most of the time or frequently

B. sometimes

C. rarely

D. never

During your science class, how often do the activities
you preform requlre you to make an hypothe51s°

A. frequently :

B. sometimes

C. rarely

D. never

"E. I don’t know what a hypothesis is.

During your science class, how often are you required
to collect data? :

~ A. frequently

B. sometimes
C. rarely
D. never

- During your science class, how often are you expected

to design or create a project?
A. frequently

B. sometimes

C. rarely

D. never

In your science class, how often do you perform
activities that require you to plan and perform an
experiment that tests your own ideas?

A. frequently

B. sometimes

C. rarely

D. never

Do you enjoy doing work that requires you to solve a

problem?
A. yes B. no C. I don’t know
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‘TEACHER QUESTIONNAIRE ASSOCIATED WITH THE ADMINISTRATION
OF A STUDENT ATTITUDE ASSESSMENT - VERSION II

Dear Classroom Teacher,

Your class has been chosen to participate in a survey that
will assess student attitude toward science education.
Information gained from this survey will be used to write a
Masters in Education Thesis concerning the impact of
integrated science and hands on activities on student
attitudes. The survey should take only 15 minutes of your .
class time. Student responses should be recorded on the
provided paper. Please do not have students write their
name on their answer sheet. When addressing the students,
please inform them that this survey will not affect their
grade, but they should be honest and choose their answers
carefully.

While students are completing the survey, please complete
the following information concerning each class that
participates in the survey. Please try and answer each
guestion honestly, all results will be kept confidential.

Teacher Name ‘ .

Course Title ‘ .

Number of Students Enrolled in the Class .

Predominate Grade Level of Students .

1. In your science course, how often do students perform

activities or laboratories?
A. frequently
- B. sometimes
C. rarely
D. never
2. In your science course, how often do students perform

classwork that requires them to read and answer
questions from a textbook or other source?

A. frequently ‘

B. sometimes

C. rarely

D. never
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10.

11.

How often do you requiré your students,to form an
hypothesis?

'A. frequently

B. sometimes
C. rarely
D. never

How often do you requlre students to collect data?
A. frequently

B. sometimes

C. rarely

D. never

How often do you require students to plan and test
their own experiments? :

A. frequently

B. sometimes

C. rarely

D. never

How often do you require students to design or create a
project? ' : '
A. frequently

- B. sometimes

C. rarely
D. never

Do you enjoy teaching the curriculum content of this
course? ‘ ,
A. yes, generally B. no, not usually 'C. I don’t know

Do you feel comfortable teaching this course with
respect to your own knowledge of the subject matter?
A. yes, generally B. no, not usually C. I don’t know

Do you feel comfortable teaching this course with
respect to the curriculum content of the course?
A. yes, generally B. no, not usually C. I don’t know

What are the largest factors that you feel prohibit you
from including more hands on activity time for your
students?

What are the two factors that you feel prohibit you
from including more experimental activity time for
your students?
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APPENDIX B

RESPONSE TOTALS FOR STUDENT AND TEACHER SURVEYS
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 TABLE 1: SURVEY RESPONSE TOTALS FOR BIOLOGY A STUDENTS (N=77)

Question

#

| Percent -
| Response -

Percent
Response

Percent
Response

Percent
Response

Percent
Response

14

14

42

65

12

NA

12

R

19

72

NA~

NA  o

61

16

.23

“NA

NA

~. 35

o 41 L

24

NA

49

28

23

NA

NAV"V

10

g 1661'

25

'NA

NA

20

25

48

‘NA

10

'51

30

16

NA

11

21

40

24

12

37

37

16

10

“NA

13

22

“27

31

NA

"14

12

26

26

36

‘NA

15 -

22

58

17

NA
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TABLE 2: SURVEY RESPONSE TOTALS FOR BIOLOGY C STUDENTS (N=153)

Question | Percent Percent Percentr Percent Percent
- # Response’ | Response | Response | Response | Response
1 18 13 20 12 37
2 47 '24 29 NA NA
3 65 21' 14 ~ NA NA
4 31 46 22 NA NA
5 43 30 26 NA NA
6. 34 49 17 NA NA -
7 50 23 - 26 NA NA
8 17 58 25 NA NA
9 22 ‘5é 20 0 bvNA
10 85 10 3 2 - NA
11 5 22 58 10 5
12 24 43 28 5 NA
13 4 40 47 Als NA
14 7 27 48 18 NA
15 35 45 19 NA NA
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“TABLE 3.

- STUDENTS (N—296)

SURVEY RESPONSE TOTALS FOR BIOLOGY A AND BIOLOGY C

#

'Questién

‘PerCentJ
" | Response |

Percent
Response

Response

‘Percehti

Percent

Response

‘Percent

Response

fOl_n_'

18

11

16

42

53

24

23

- NA

- NA

_54'

23

13

NA

NA

27

55

18

NA

NA

49

25

25

.NA

NA

34

46 .

19

NA-~

50

25

25

NA

NA

16

65

19

NA

NA

,17.’0

S a4

‘ﬂ22

17

NA

YYldO‘

\74

17

NA

_il‘ﬂ

22

52

‘15

NA

12

.28

a1

24

NA

13

10

36

vj&

16

NA

26

42

24

NA

15

31

. 50

19

 NA

'NA
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'TABLE 4: SURVEY RESPONSE TOTALS FOR INTEGRATED SCIENCE
| STUDENTS (N=176)

‘Questiobn ' Percent ‘Percv:en‘t | Percent Percent "Percen't
# Response | Response | Response | Response | Response
| 1 19 o 22 . 5 45
2 22 60 18» ' NA NA
3 40 _48’ 12 NA NA
4 59 29 12 NA NA
5 21 65 14 NA NA
6 29 '55 13 NA NA
:7 39 39 22 NA NA
8 16   67 17 NA NA
9 16 52 28 4 NA
10 35 31 18 16 NA
11 15   §1 ; 39 B 6
izf  29 _351 32 K NA
13 6 32 37  ;25' A
14 5  30 35 30 ' NA
15 31  $2 17 ‘NA NA




TABLE 5; SURVEY RESPONSE. TO

TALS FOR PIB BIOLOGY STUDENTS

~ (N=136)
Question Percent Per’ce‘ﬁ‘t Percent Percernt | Percent
- # | Response | Response | Response | Response | Response
! - 22 18 ;o' | 16 | 14
2 59 35 6 NA NA
3 72 21 7 NA NA
4 31 51 18 NA NA
5 36 38 26 NA NA
6 v38_ 45 17 NA NA
7 72 16 13 NA NA
8 25 48 26 NA NA
9 .66 33 1 NA NA
10 18 48 31 3 NA
11 72 27 1 1 NA
12 81 18 1 NA NA
13 6 32 56 6 NA
14 17 ‘42 33 8 NA
15 58 22 19 NA NA
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TABLE 6:

COMPARISON OF INDIVIDUAL TEACHER RESPONSES TO THE
MAJORITY OF STUDENT RESPONSES

 Estimate of Activity Estimate of

Time Frequency Hypothesizing Frequency

v Majorlty of Teacher Majority of . Teacher
Teacher | Student Response Student Response
| Response Response o :

A . sometimes frequently rarely sometimes
B sometimes | frequently rarely frequently

- C ,v. sometimes freqﬁently» rarely sometimes

D sometimes vsometimes rarely ‘sometimes

'E | frequently | sometimes rareiy sometimes

F never ‘rarely rarely sometimés
G frequently frequentlyv' frequently frequently
H ffequently frequently frequently frequently
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TABLE 7: SUMMARY OF TEACHER SURVEY RESPONSES (N=8)

Question Teacher

A B C D E F G H
1 yes no yes yes yeé yes yes | yes
‘2 yes yes yes yes yes | yes yes yes
3 yes‘ no yes yes | yes yes yes | yes
4 freq freq freq | some | some rare | freq | freq
5 soﬁe rare Some freq freq | freq | some _rafe
6 some freq | some some some sone freq | freq
‘7 freq some freq | rare freq rare | freq | freq
8 M |Mm, 0| P | A P, F | T, F T | T

Question #’s

1 - Do you enjoy teaching the curriculum?

- Are you comfortable with your knowledge of currlculum7

- Are you comfortable with the curriculum content?

- How often are students required to perform act1v1t1es7

How often do students use a textbook?

- How often do students hypothesize?

- How often do students collect data?

- What is the main reason for not d01ng more laboratory
activities?

OO0 dWN
1

Reasons ,

A - poor student activities
- inadequate facilities

- lack of materials

- overcrowded classes

- lack of planning time

- lack of time

HYOoO=E"Y
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APPENDIX C

GRAPHIC COMPARISONS OF STUDENT RESPONSES
FOR ALL SCIENCE COURSES
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