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Rationale

The relationship between achievement and atitude toward science has been the focus of many science
education studies. Many researchers have reported that achievement and attitude toward science are positively
corrdlated (Russdll and Hollander, 1975; Shrigley, Koballa, and Simpson, 1988), but this finding is not universa
(e.g., Germann, 1988). When measures of attitude and achievement are made on specific subsets of sudents
(e.g., males, females, mgors, non-mgors) the reationship may be dightly clearer. For example, many studies
have indicated that males have a more positive attitude toward science (Simpson and Oliver, 1985), perform
better in science classes (Steinkamp and Maehr, 1984; Tobin and Garnett, 1987; Rafal, 1996), choose science
fields more often (Mason and Kahle, 1988; Ware and Lee, 1988; Maple and Stage, 1991; Seymour and
Hewitt, 1997), and are more likely to remain in the field (Seymour and Hewitt, 1997). Other studies indicated
no difference between maes and females as to thelr attitude toward science (Barrington and Hendricks, 1988;
Morrell and Lederman, 1998; Shaw and Doan, 1990). Germann (1988) and Gogolin and Swartz (1992)
attributed thislack of consensusto the lack of avalid and reliable measurement of attitude and to poor research
methodology. If successisto be achieved in developing scientific literacy, encouraging the sdection of science
as acareer by adiverse population, and promoting life-long learning in the sciences, then the impact of new
ingructiond styles employed in introductory science courses must be carefully evaluated in terms of attitude,
content knowledge and process Kills.

The Nationa Science Education Standards (NRC, 1996) emphasi ze the importance of shifting toward
student- centered pedagogy at the K-12 level. Recommended teaching Strategies are based on aspects of
traditional congtructivigt theory (individuals construct meaning through hands-on and minds-on experience that
leads to adjustment of prior persona explanation for phenomena) and socio-cultura models of learning
(individuds learnthrough interaction with others, both as peers and apprentices). The teacher’srolein
Standards-based, student- centered classes includes providing Situations for active learning, facilitating student
reflection, providing opportunities for peer-to-peer exchanges, and guiding students toward current,
conventiond scientific descriptions and explanations. While success with such methods has been achieved at
the pre-college level (e.g. Von Secker and Lissitz, 1999), Standards-based practices have made limited inroads
a the collegelevd. Furthermore, the possible impact that a change in pedagogy may have in ether the affective
or cognitive domains has not been fully assessed, especidly in large-enrollment introductory sciences courses,
typicdly the antithesis of Standards-based classes.

The objective of this study was to compare changesin attitudes and achievement among studentsin
introductory college-leve biology courses taught following the traditiond teacher-centered paradigm to those
among sudents in anewly revised course that adopted a more student- centered approach. We further
compared these changes with respect to students' sex, academic mgjor, and class standing.

Research Questions:

Does arevised teaching methodology that emphasizes inquiry and collaboration affect

sudents’ attitudes toward biology at the college level? We predicted, based on the philosophy
espoused in the National Science Education Standards, that students taught using the student-
centered paradigm would have a more postive attitude toward biology as measured by a
sandardized instrument.

Does arevised teaching methodology that emphasizes inquiry and collaboration affect content



knowledge possessed by students at the college level? We predicted that the greater emphasis
on problem solving and an understanding of the process of science rather than rote
memorization of abroad range of materia would lead to improved problem-solving ability, but
would not necessarily lead to improved scores on arecdl level exam over awide range of
topics.

Does arevised teaching methodology that emphasizesinquiry and collaboration affect the
attitudes toward biology of different sub-groups of students (based on sex, class standing, and
magor), differentidly? We predicted, based on the philosophy espoused in the Nationd
Science Education Standards, that al students would benefit equaly from the revised teaching
methodology.

Does arevised teaching methodology that emphasizesinquiry and collaboration affect the
content knowledge of different sub-groups of students (based on sex, class standing, and
magor), differentidly? We predicted, based on the philosophy espoused in the Nationa
Science Education Standards, that dl students would benefit equally from the revised teaching
methodology.

Methods
Course Descriptions:

Subjects for this study were students enrolled in the introductory biology courses at aland grant
inditution in the south-central United States during Spring 1998 through Spring 2000 semesters. At the
onset of this study, students could choose from three introductory biology courses, a non-majors course
encompassing ecology, evolution, and genetics (1114-old); a non-magors course encompassing sub-
cdlular, cdlular, and organismd biology (1214); and a science mgors course encompassing cdlular and
molecular biology, ecology, evolution, and genetics (1304). Al three courses were taught in atraditiona
expodtory stylein lecture. The associated laboratories were taught following a “cookbook” approach
that primarily validated or reinforced information that students had been exposed to in lecture. Students
were only assessed individuadly.

Beginning in Fal 1998, the three courses were replaced with a mixed-majors course (1114-new)
that introduced students to biologica concepts integrated from the sub-cellular to the ecologica through an
investigative gpproach that encouraged students to make critica observations, formulate hypotheses, test
hypotheses, and then critically discuss results. Multimedia scenarios and demonstrations served as foca
points for discussons of problems that allowed students to construct conceptsin an gpplied context. In
the laboratories in the new course, students tested hypotheses that they generated in response to genera
research questions they encountered in lecture or in the background materia for the investigations
presented in the laboratory manud. In the new course, students worked collaboratively in both lecture and
the accompanying laboratory. Forty-seven percent of the evaluation of each student was based on group
assessment. Assessment of the students' performances in the laboratory was based on the quality of their
research and not on achieving specific results. The assessment in lecture that was primarily formetive was



based on daily group activities. Students were only assessed individualy on exams. While the sudents
performancesin lecturein al the courses were evauated by multiple choice exams, the questions on the
examsin the old courses required primarily smple recdl, while those in the new course primarily required
students to apply concepts to nove Stuations.

Subjects:

Weinvited al sudents enrolled in the introductory coursesto participate in thisstudy. The
mgority of the sudents werein their first year. While there were different courses for mgjors and non-
magors prior to Fall 1998, neither population was exclusively mgors or nor-mgors. Only students who
gave their informed consent (IRB#AS-98-006) and completed al components of the survey were included
in the study. We obtained complete data from 306 students from 1114-old in Spring 1998, 98 students
from 1214 in Spring 1998, 311 students from 1304 in Spring 1998, 406 studentsin 1114-new in Spring
1999, and 662 students from 1114-new in Spring 2000.

Survey Ingrument:

At the beginning and end of each semester, we administered a survey instrument congisting of 40
questions from the NABT/NSTA High School Biology Examination (NABT/NSTA, 1990), a 14-item
Biology Attitude Survey (Russdll and Hollander, 1975) and 6 items of demographic information. We used
the NABT/NSTA exam and attitude survey because they had been vaidated.

Students answered survey questions on computer-graded sheets, in gpproximately one hour. The
sudent’ s response to each item on the fourteen-item attitude survey was scored on a Likert-type scale (1-
5). A response of 5 indicated agreement with the statement item, aresponse of 1 indicated disagreement.

To conform to the scale used by Russdll and Hollander (1975), we generated overdl attitude scores by
Setting the most positive response to 5 and the most negetive response to 1 then summing the score. The
scale was reversed for responses to negatively worded items. A score of 14 indicated a poor attitude
toward biology, a score of 42 an ambivaent attitude toward biology, and a score of 70 a strongly
favorable attitude toward biology.

To evduate change in each student’ s content knowledge and attitude from the survey at the
beginning of a semester (initia scores) and the survey a the end of a semester (final scores), we subtracted
initid scores from fina scores to generate change in content knowledge scores and change in attitude
SCores.

For andlysis, sudents were characterized with respect to four factors. Sex was self-reported
(male, femae) on the survey. We classified students as aether “Life Science” mgors (Botany, Biology,
Microbiology, Physiology, Zoology, Wildlife or the Hedlth Sciences (premedica, preveterinary,
prenursing)) or “Non-Life-Science’ mgors (al other mgors) using the mgors that students sdlf-reported
on the survey. Each student’s Class Standing as reported by the university’ s Office of Ingtitutiona
Research was coded as ether first-year (freshman) or greater than firg-year(non-freshman). We dso



obtained students ACT scores from the Office of Institutional Research and used the composite score (i.e.
the average of the four (English, Math, Reading and Science) section scores). The univerdty’s minimum
ACT composite score for normal admission is 21 out of 36.

We andyzed the results of the attitude and content knowledge survey components by Anadyss of
Covariance (ANCOVA). The ANCOVA modd represents an integration of the andyss of variance
(ANOVA) and the analysis of variance of regresson model (ANOVAR). We used ANCOVA rather
than ANOV A because it would generate asmaller error term. ANCOVA aso reduces the bias that may
be caused by differencesin the covariate variable(s) between groups and includes an adjustment of the
trestment effect. A sngle covariate implies a system of severa regression lines, one line for each treatment
group. More than one covariate can be measured and included smultaneoudy in one ANCOVA. Multiple
covariates imply regression surfaces.

In each ANCOVA modd, the main factors or treatments were course, mgor, class standing, and
seX. To adjust for possible differences among the studentsin initid knowledge or attitudes, we used the
change in attitude scores and change in content knowledge scores as our dependent variables. To further
adjus for differences among students academic abilities or incoming attitude or knowledge in the different
coursesin, we used ACT and beginning attitude or beginning content knowledge as covariates. We
sdlected the covariates by testing the fit of various models and examining the R values of dither asingle
covariate or apair of covariates. Insufficient sample sizes (<10) from certain subgroups (al mgorsin old
non-majors courses, non-freshman mgors in the new course, and al subgroups in one of the non-mgjors
courses (1214)) them from andlysis. Thusin our analysis we compared 1114-old (labeled Old Non
Magjors Course), 1304 (labeled Old Mg ors Course) to 1114-new (labeled New Course Spring 1999,
and New Course Spring 2000). Because we were interested in how different subgroups responded to the
courses, we focused our analysis on the four-way interaction terms (e.g. Are there differences among the
average attitude scores of those mae, freshman, non-life-science mgjors taking Old Mg ors Course, those
taking Old Non-Magjors Course, and those taking the New Course?). We only included the data for
students who completed the entire beginning and ending surveys and for whom we could obtain ACT
scores from the Office of Indtitutional Research.

We sdlected the ANCOVA modds asfollows. We adopted a pardllel lines model and used the
intercepts and adjusted means (LSMEANS) to compare the treetments when all the dopes of the
treatments regression lineswere equa. Otherwise, we used the unequa dopes modd and compared
trestments at multiple vaues of the covariate.

Our factorid design was course (3 levels) x sex (2 levels) x mgor (2 levels) x dass standing (2
levels). We had two data sets for the new course (Spring 1999 and Spring 2000); however adding an
additiona factor (year), increasing the number of course levels, or combining the semesters would further
complicate attempts to determine which course was influencing any observed differences.  In addition,
combining data from the Spring 1999 and Spring 2000 semesters was not possible because it would have
resulted in highly uneven sample sizes between the new and old courses. Therefore, we compared scores
for 1304 and 1114-old to scores for each semester of 1114-new and the scores for each semester of
1114-new to each other.



Results

Our andysis reveded moderate positive correations (0.4-0.6) between ACT, beginning attitude or
beginning content knowledge, and change in attitude or change in content knowledge. Therefore, because
some of the dopes of the treatments' regression lines were significantly different from 0, ANCOVA was
gppropriate for our andyses as away to adjust change in attitude and change in content knowledge scores
to account for differencesin academic ability (ACT) and initid attitude.

We compared the effects of course x sex x mgjor x class sanding on changes in attitude scores
using sngle and pairs of covariates. The relationships between individud and pairs of covariates and
dependent variables are shown in Table 1. Based on these data, we dected to use ACT and initid attitude
as covariates for our andysis of changein attitude and ACT and initial content knowledge as covariaes for
our andyss of change in content knowledge

Table 1. R vauesindicating the strength of the relationship between change in atitude and changein
content knowledge and the individual covariates and pairs of covariates.

Dependent Variable
Covariate Changein Attitude | Change in Content Knowledge
Initial Attitude R?~0.6232 R?=0.0815
Initial Content Knowledge R?~0.2689 R?~0.1692
ACT R?=0.2639 R?=0.0808
ACT + Initid Attitude R?~0.6388 R?~0.1188
ACT + Initid Content Knowledge R~ 0.3076 R~ 0.2607

During our andysis of changes of attitude scores, we found that the treatment groups dopes were not all
equd for each of the covariates (ACT p=0.0011, initid attitude p=0.0001). We therefore used the unequal
dopes model and selected three values of ACT composite scores (21, the minimum required for norma
admission at OSU, 25, the mid-point, and 30) for our anaysis of the different subgroups (course x sex x
magor x class danding). We refer to these ACT scores as low, middle and high vaues for sudentsin these
courses. While students with higher ACT composite scores were enrolled, there were too few to rdliably
use this portion of the modd. There was dso only alimited sample of attitude scores for the different
subgroups a high and low valuesof ACT. Thisresulted in extrgpolation of initia attitude scores beyond a
reasonable range for some subgroups. We therefore chose to compare change in attitude among
subgroups only & the average initid attitude score of 48.6.

Our andysis of change in content knowledge indicated that the trestment groups dopes were
equal for one of the covariates, ACT composite score (p=0.5241). We therefore used a parallel dopes
mode to andyze changesin content knowledge a any ACT composite scores. We judged some of the
treatment groups dopes to be unequa for the other covariate, initid content knowledge (p=0.0898). We
therefore adopted an unequa dopes model and compared subgroups using the average students' initia
content knowledge score, 25.



Changein Attitude

Freshman Mgjors
In maes (Figure 1.), there was a Sgnificant difference between the change in attitude scores in the

old mgors course and the new course at al ACT levels. Inspection of the data indicates what appears to
be continued improvement between the first and second spring semesters that the new course was offered.

It also gppears that there is no difference among these students at different ACT levels. These students
showed the mogt positive gain in change in atitude culminating in a pogtive change in atitude a al ACT
levels by Spring 2000. In femaes (Figure 2.), there was a Significant difference in attitude scores among
courses a medium and high ACT levels. Inspection of the data indicates what appears to be continued
improvement between the first and second spring semesters that the new course was offered. There
appear to be differences among students with different ACT scores. Those with lower ACT scores (21)
did not show a significant change in attitude score in the new course and had a more negative changein
atitude in the new course than the other femde, freshman, mgors. Those with the highest ACT scores
had the most negative change in attitude toward biology in the old course, but exhibited a positive change
in titude in the new course.

Freshman, Non-Mgors

In maes (Figure 3.), there was a Sgnificant difference in change in attitude scores among the
courses a al ACT levels. Inspection of the dataindicates a large difference between the new course and
the old courses and what appears to be continued improvement between the first and second spring
semesters that the new course was offered. In femaes (Figure 4.), there was a Sgnificant difference
among courses a high ACT levelsin Spring 1999 and at medium and high ACT levesin Spring 2000.
Ingpection of the data indicates what gppears to be continued improvement between the first and second
semedters that the new course was offered. There gppear to be differences among students with different
ACT scores. Thosewith higher ACT scores (25, 30), had a more negative change in attitude toward
biology in the old course, but exhibited a less negetive change in atitude toward biology in the new course.

Non-Freshman, Non-Mgors

In maes (Figure 5.), there was a sgnificant difference in change in attitude scores among courses
a al ACT leves. Inspection of the data indicates alarge difference between the new course and the old
courses. Infemaes (Figure 6.), there was a Sgnificant difference among courses a medium and high ACT
levels. Ingpection of the data indicates what appears to be continued improvement between the first and
second spring semesters that the new course was offered. There appear to be differences among students
with different ACT scores. Those with lower ACT scores (21), had a more negative change in attitude in
the new course than the other groups and did not show a significant change in score. Those with the
highest ACT scores had the most negative change in attitude toward biology in the old courses, but
exhibited a postive change in attitude in the new course.

Change in Content Knowledge



Freshman, Mgors

In maes (Figure 7.), there were no sgnificant differencesin change in content knowledge scores
between the new and old courses. Based on avisud examination of the data, it appears that students with
higher ACT scores have higher change in content knowledge scoresin both courses. In females (Figure
8.), while there was a Sgnificant decrease in the change in knowledge scores when we compared the old
course to the new course in Spring 1999, by the Spring 2000 semester there were no significant
differences between the old and new courses. Based on avisua examination of the data, it appears that
students with higher ACT scores have higher change in content knowledge scores in both courses.

Freshman, Non-Magjors

In maes (Figure 9.), there was a Sgnificant decrease in the change in knowledge scores between
the old and new coursesfor dl ACT levels. Based on avisud examination of the data, it gppears that
students with higher ACT scores have higher change in content knowledge scores in both courses. It dso
gppears that there was an improvement in change in content knowledge between the Spring 1999 and
Spring 2000 students, dthough it was inggnificant. In females (Figure 10.), except for those with high ACT
scores in Spring 2000, there was a Significant decrease in the change in knowledge scores between the old
and new coursesfor dl ACT levels. Based on avisua examination of the data, it appears that sudents
with higher ACT scores have higher change in content knowledge scores in both courses. It aso appears
that there was an improvement in change in content knowledge between the Spring 1999 and Spring 2000
dudents, dthough it was inggnificant.

Non-Freshman, Non-Mgors

In males (Figure 11.), except for the students with high ACT scores in Spring 2000, there was a
significant decrease in the change in knowledge scores between the old and new coursesfor dl ACT
levels. Based on avisud examination of the data, it gppears that sudents with higher ACT scores have
higher change in content knowledge scores in both courses. It adso appears that there was an improvement
in change in content knowledge between the Spring 1999 and Spring 2000 students, athough it was
inggnificant. In females (Figure 12.), there were no sgnificant differences between the new and old
courses. Based on avisud examination of the data, it appears that students with higher ACT scores have
higher change in content knowledge scores in both courses.

Conclusions
Change in student attitudes toward biology

Our change to a more student - centered pedagogy clearly affected students’ attitudes toward
biology. While our traditiondly taught courses were characterized by substantial declinesin attitude, this
attitude change was moderated in our revised course for dmost al student groups, regardless of sex, class
sanding, starting attitude, or performance on ACT. There was a sgnificant improvement for dl maesand
for femaes who scored 25 or above onthe ACT composite exam. Femaes who earned low scores on
the ACT showed non-significant improvements in ther attitudes. Generaly, it aso appears that atitudes
areimproving over time. Our results are very condstent with the findings of others.



Gogolin and Swartz (1992) found, as we did, that science mgjors started with a more positive
attitude toward science than did non-mgjors. They dso found, aswe did in our old courses, that while
non-science mgjors  atitudes improved at the end of the course, science mgjors’ attitudes declined. In
their case, the courses were separate mgjors and non-mgors biology courses taught using atraditiona
expository lecture format. The non-science mgjors: course included gpplications and material considered
to be rdevant to the students and there were no prerequisite skills or knowledge required for enrollment.
Themgors course included topic areas that Gogolin and Swartz considered less simulating to sudents.
They conddered the teaching in the non-mgor’ s course more student-oriented while that in the mgor’s
course was more subject-oriented.

Sundberg and Dini (1993) reported more positive attitudes toward science among studentsin the
non-majors course than those in the mgjors course. They attributed this to the reduced level of detail and
greater emphasis on current gpplications and socid relevance in the non-mgors course. When Sundberg
and Moncada (1994) restructured their laboratories to place a greater emphasis on inquiry and
investigation, the results from their survey of student attitudes indicated that students had mixed responses
to the format. While many enjoyed the format of the course, there was a decrease in students’ attitudesto
science.

Miller and Cheetham (1990) and Goodwin et d. (1991) evauated the attitudes of mgor and non
magor students enrolled in abiology course that reduced lecture time to a minimum and employed a
problem-based, investigative, cooperative-learning gpproach. While students had initia reservetions, their
attitudes toward the course were positive by the end. Magjors appeared to be more comfortable with the
format than non-mgjors.

Ebert-May et d. (1997) interviewed their students after switching to a cooperative-learning
gpproach to teaching non-maorsin alarge lecture. Students were much more positive about the learning
environment and felt that biology was much less intimidating.

Rogers and Ford (1997) used the same attitude scae that we did when comparing attitudes among
students enrolled in mgors and non-magjors courses. Once again while the non-mgors had a significant
increase in atitude toward biology, the students’ attitudes in one of the mgjors courses became more
postive, while those in another mgors course became more negative.

Ebenezer and Zoller (1993) looked at the impact of a congtructivist gpproach to teaching in
secondary schools and found no change in attitudes that could be attributed to the change in approach.
However, most students reported that their classes involved note taking, textbook, and individual rather
than group experiments. Few reported that teachers used the students' ideas or computersin their classes.

The researchers concluded that the teaching-style practiced was the determining factor affecting student
attitude.

Thus it gppears that restructuring a course to include introducing concepts within arelevant
context, more cooperdive learning, more inquiry, more problem-based learning and more investigationsin
the laboratory is beneficid to both mgors and non-mgors. We are now actudly finding increasesin



attitudes toward science among most groups. Most notably our biology mgors, a group whose attitudes
have been negatively affected by the traditiona expository teaching approach at our ingtitution and
elsawhere, have been positively influenced by our revised approach. We agree with Sundberg and Dini’s
(1993) conclusion that majors and non-magjors both need to be taught in a manner other than the traditiona
expogtory syle with its emphass on memorization of facts and terminology.

That certain groups are not as positively affected as others il presents a challenge to us aswe
seek to provide scientific literacy to al. In particular, we note that women with low ACT scores did not
show aggnificant change in dtitude. While we cannot be sure that thisis actudly areflection of the
Stuation (they do show apositive trend, just not a significant one), it may be consstent with findings of Von
Secker and Lissitz (1999) which supported the conclusion that femaes who were low achievers did not
benefit from student- centered practi ces and those of Meese and Jones (1996) which supported the
conclusion that only low-ahility femaes were less motivated than maes to learn. Both of these studies were
at the pre-college level. Because we did not assess mativation, saf-confidence or learning Syles it is
impossible to speculate how these factors influence attitudes among these students.

One of the most striking differences we saw between student- and teacher-centered instruction
was among femde, life-science mgjors whose ACT scores were high. 1f, as Seymour and Hewitt (1997)
sugges, femade students are more likely to abandon the sciences as amgor than their male counterparts,
because of the competitive nature of many science courses, poor teaching, alack of opportunitiesto
participate or the inability to see connectionsto their persond lives, then the use of inquiry and
collaboration should help to balance the gender gap as students progress into upper-divison science
COUrSES.

Change in content knowledge

One of the concernsin this change in teaching style was that the mgors would not be learning
content aswell. By the last semester of our study, al of our mgjors were performing as wel in the new
course asin the old on the content knowledge portion of our survey. For non-mgjors the results are not as
clear. While some groups performed equally well, others appeared to decline dightly. To interpret these
results, there are severa important issuesto consider.

Fird, the test of content knowledge in no way affected students' course grades, therefore students
may not have the strong motivation to do well. Infact, time spent working carefully on the questions
detracted from lab time. The negative change in content knowledge may reflect sudents' lack of
motivation to do well on the end of semester survey. Secondly, the survey was administered during the last
lab period and students who were satisfied with their grades often elected to skip the last [ab.

We would dso argue that ingtruction which emphasizes problemsolving skills and process of
science methods is difficult to assess with the sandardized instrument available, and improvementsin
students abilities in these areas was not adequately assessed by the instrument used. Ebert-May et dl.
(1997) dso found that non-mgjors content knowledge did not increase when measured by a comparable
ingrument. Much emphasis on the exam is dill on factua recdl. Students performed well on our regular



course exams, which have greater emphasis on process and gpplication. Thus, it may be that mgjors are
able to learn the needed vocabulary for their future science courses while devel oping better process and
application skills. Coté and Levine (2000) found that personad motivation to learn was a significant factor
in determining student ability to achieve true understanding of content. Perhaps maors have a higher
persona motivation to learn and recall facts and vocabulary. Non-mgors may not have this motivetion,
and thus do not learn and recdll facts and vocabulary unless they know they will be required to do so.
Additiondly, students whaose reasoning skills are less developed, as measured by ACT scores, may till be
Sruggling in an environment that requires students to derive concepts from observations rather than directly
from lecture. Both von Secker and Lissitz (1999) and Gogolin and Swarz (1992) concluded that a more
sructured teaching style might benefit these students. We suggest that more direct attention to these
sudents may be important in helping them gain the most from this style of teaching. New assessment
techniques are needed that can better assess process and application skills as well as alonger term study
that assesses retention of materid.

We conclude that the new course, with its use of multimedia, collaborative learning, and inquiry-
oriented ingtruction in lecture and laboratory provides a positive environment for learning and contributes to
improving students’ attitudes toward biology. Thus, this style of instruction should help promote both
generd science literacy and the continued pursuit of science as acareer.



Refer ences

Barrington, B.L. and B. Hendricks. 1988. Attitudes toward science and science knowledge of
intellectudly gifted and average studentsin third, seventh, and eeventh grades. Journal of
Research in Science Teaching. 25(8): 679-687.

Cote, JE. and C.G. Levine. 2000. Attitude versus gptitude: Is intelligence or mativation more important
for pogtive higher-education outcomes? Journal of Adolescent Research 15(1): 58-80.

Ebert-May, D., C. Brewer, and S. Allred. 1997. Innovation in large lectures—teaching for active
learning. BioScience. 47(9): 601-607.

Ebenezer, JV. and U. Zoller. 1993. Grade 10 students' perceptions of and attitudes toward science
teaching and school science. Journal of Research in Science Teaching 30(2): 175-186.

Germann, P. J. 1988. Development of the Attitude toward science in school assessment and its use to
investigate the relationship between science achievement and attitude toward science in school.
Journal of Research in Science Teaching. 25(8): 689-703.

Gogolin, L. and F. Swartz. 1992. A quantitative and qualitative inquiry into the attitudes toward science
of nonscience college students. Journal of Research in Science Teaching. 29(5): 487-504.

Goodwin, L., JE. Miller, and R.D. Cheetham. 1991. Teaching freshmento think—does active learning
work? BioScience. 41(10): 719-722.

Maple, SA. and F.K. Stage. 1991. Influences on the choice of math/science mgor by gender and
ethnicity. American Educational Research Journal. 28(1): 37-60.

Mason, C.L. and JB. Kahle. 1989. Student attitudes toward science-related careers: A Program
designed to promote a stimulating gender-free learning environment. Journal of Research in
Science Teaching. 26(1):25-39.

Meece, JL. and M.G. Jones. 1996. Gender Differences in motivation and Strategy usein science: Are
girlsrote learners. Journal of Research in Science Teaching. 33(4): 393-406.

Miller, JE. and R.D. Cheetham. 1990. Teaching freshman to think—active learning in introductory
biology. BioScience. 40(5): 388-391

Morrell, P.D. and N. G. Lederman. 1998. Students’ attitudes toward school and classroom science: are
they independent phenomena? School Science and Mathematics. 98(2): 76-83.

National Research Council. 1996. National science education standards. Nationa Academy Press,
Washington, D.C. 262 pp.



Rafal, C.T. 1996. From co-congtruction to takeovers: science talk in agroup of four
girls The Journal of the Learning Sciences. 5(3): 279-293.

Rogers, W.D. and R. Ford. 1997. Factors thet affect student attitude toward biology. Bioscene
23 (2): 3-5.

Russdl, J. and S. Hollander. 1975. A biology attitude scae. The American Biology Teacher. pp. 270-
273.

Seymour, E. and N.M. Hewitt. 1997. Talking about leaving: why undergraduates |eave the
sciences. Westview Press. Boulder, CO. 429 pp.

Shaw, E. L. and RL. Doan. 1990. Aninvestigation of the differencesin attitude and achievement
between mae and femae second and fifth grade students. A paper presented at the annual
meeting of the Nationa Association for the Research in Science Teaching, Atlanta, Georgia, April
1990.

Shrigley, R.L., T.R. Kobdla, and R.D. Smpson. 1988. Defining Attitude for Science Educators.
Journal of Research in Science Teaching. 25 (8): 659-678.

Simpson, R.D. and J.S. Oliver. 1985. Attitude toward science and achievement motivation profiles of
male and female science students in grades six through ten. Science Education. 69(4): 511-526.

Steinkamp, M.W. and M.L. Maehr. 1984. Gender differencesin motivationd orientations toward
achievement in school science: a quantitative synthess. American Educational Research
Journal. 21(1): 39-59.

Sundberg, M.D. and M.L. Dini. 1993. Science Mgorsvs Nonmgors. Isthere adifference?
Journal of College Science Teaching 22(5): 299-304.

Sundberg, M.D. and G.J. Moncada. 1994. Creating effective investigative |aboratories for
undergraduates. BioScience. 44(10): 698-704.

Tohin, K. and P. Garnett. 1987. Gender rdated differences in science activities. Science Education.
71(1): 91-103.

Von Secker, CE. and RW. Lisstz. 1999. Estimating the Impact of Ingtructional Practices on Student
Achievement in Science. Journal of Research in Science Teaching. 36(10): 1110-1126.

Ware, N.C. and V.E. Lee. 1988. Sex differencesin choice of college science mgors.
American Educational Research Journal. 25(4): 593-614.



Change in Attitude Score

10.00

Figure 1. Change in Attitude in Male, Freshmen, Majors
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Change in Attitude Scores

Figure 2. Change in Attitude in Female, Freshmen, Majors
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Change in Attitude Score

Figure 3. Change in Attitude in Male, Freshmen, Non-Majors

Course
Old-Non-Majors Old-Majors New Spring 99 New Spring 00

p<0.0001

p=0.02

p=0.01 p=0.001 p=0.01

-10 @ACT=21 BACT= 25 OJACT=30




Change in Attitude Score

Figure 4. Change in Attitude in Female, Freshmen, Non-majors

2.00

0.00 A

-2.00 A

-4.00 A

-6.00 ~

Old-Non-

-8.00

Course

Old-Majors

New Spring 99

p<0.0001

New Spring 00

-10.00

OACT=21 BACT=25 OACT=30




Change in Attitude Score

Figure 5. Change in Attitude in Male, Non-Freshmen, Non-majors
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Figure 6. Change in Attitude in Female, Non-Freshmen, Non-majors
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Change in Content Knowledge Scores

Figure 7. Change in Content Knowledge in Male, Freshmen, Majors
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Figure 8. Change in Content Knowledge in Female, Freshmen, Majors
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Figure 9. Change in Content Knowledge in Male, Freshmen, Non-majors
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Change in Content Knowledge Scores

Figure 10. Change in Content Knowledge in Female, Freshmen,

Non-majors
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Figure 11. Change in Content Knowledge in Male, Non-freshmen, Non-
majors
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Change in Content Knowledge Scores
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Figure 12. Change in Content Knowledge in Females, Non-Freshmen,

Non-majors
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