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Abstract: This study has two purposes: (a) methodological—to design and test a new instrument able
to reflect changes in attitudes toward science over time, and (b) investigative—to find out the effect of two
similar curricular treatments on the attitudes of two classes. Items about the relevance of science to
students’ lives were developed, pilot-tested, and analyzed using Rasch modeling. We then divided reliable
items into three equivalent questionnaire forms. The final three forms of the questionnaire were used to
assess high school students’ attitudes. Over 18 weeks, one class used a core curriculum (Science and
Sustainability) to learn science in the context of making decisions about societal issues. A second class
used the same core curriculum, but with parts replaced by computer-based activities (Convince Me)
designed to enhance the coherence of students’ arguments. Using traditional and Rasch modeling
techniques, we assessed the degrees to which such instructional activities promoted students’ beliefs that
science is relevant to them. Both classes tended to agree more, over time, that science is relevant to their
lives, and the increases were statistically equivalent between classes. This study suggests that, by using
innovative, issue-based activities, it is possible to enhance students’ attitudes about the relevance of science.
© 2003 Wiley Periodicals, Inc. J Res Sci Teach 40: 757-775, 2003

“Rose-colored glasses.” ““Half full or half empty?”” Such sayings remind us of the effect that
one’s attitude can have on one’s experience (Ranney, 1996). In the educational and psychological
research literature, many ways of categorizing attitudes have been developed, from disposition to
opinion, and from affect to belief. Generally, the research on dispositions tends to examine human
sensibilities and approaches; the work on opinions tends to include individuals’ current attitudes
or views of a particular issue; research on affect deals with emotional expression and feelings; and
the belief literature concerns deeply held doctrines, such as epistemological ideas about the nature
of knowledge.
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Attitudes toward Science

Work in the realm of students’ attitudes toward science has been motivated by the desire to
increase interest, performance, and student retention in science (Third International Mathematics
and Science Study, 2001). Educational studies have produced mixed results but tend to show
that attitudes affect students’ persistence and performance (for a review, see Schommer, 1994).
Modest positive correlations between science attitude and science achievement have been
reported in many studies (Schibeci & Riley, 1986; Keeves & Morganstern, 1992). Models
propose that science instruction influences attitudes in ways that predict achievement (Hegarty-
Hazel, 1990; Schibeci & Riley, 1986; Simpson & Oliver, 1990). In particular, science in-
struction that is activity-based (Dickinson, 1976; Fraser, 1980; Freedman, 1997) and issue-
oriented (Iskandar, 1991; McComas, 1993) has been shown to enhance positive attitudes toward
science.

Another reason to extend research on scientific attitudes is that attitudes and beliefs are part of
“cognition” itself (Schoenfeld, 1985). Research has suggested that people who view science in a
sophisticated way are better able than others to use their knowledge in more contexts and to make
sense out of complex information (Davis, 1998; King & Kitchener, 1994; Linn & Songer, 1993).
Thus, science attitude research may be viewed as fundamental to understanding scientific
cognition.

Measuring Attitudes toward Science

To measure attitudes toward science, researchers have used Likert scales, Thurstone scales,
semantic differential scales, direct interviews, and, much less frequently, indirect or projective
methods and interviewing techniques (Ramsden, 1998). The most common method, Likert scales,
has several advantages: They are not difficult to create, can include a large number of items that
can be answered quickly, can provide precise information about a respondent’s degree of
agreement or disagreement, and can provide high reliability (Oppenheim, 1992). Disadvantages
of Likert scales can sometimes be overcome using special techniques or multiple methods.
For example, one criticism of measuring attitudes with Likert scales is that the neutral midpoint
might not represent neutrality in the subject’s mind, but rather a state of confusion or mis-
understanding. Researchers can mitigate this problem by adding another response choice, such
as ““do not understand.” Another criticism of Likert scales is that they might decontextualize
the issue studied. For example, students’ diverse views of science might hinge on what is meant
by science, and a scale might not be able to account for these different meanings (Bell & Linn,
2002). This type of problem is lessened by crafting Likert items to address the specific subtleties
of issues (Oppenheim, 1992) and by using multiple methods. Interviewing and using new
open-ended instruments such as the Views of Nature of Science questionnaire (Lederman,
Abd-El-Khalick, Bell, & Schwartz, 2002) offers practical solutions that can add qualitative
depth to a study—although they also increase the classroom time used. Whereas attitude scales
entail problematic assumptions owing to the ways participants might interpret a given item
(Lederman et al., 2002), open-ended instruments entail similarly problematic assumptions
regarding how to interpret participants’ statements. Projective or indirect techniques allow the
researcher to uncover ideas without participants’ direct awareness; however, such techniques
have disadvantages as well, such as lower reliabilities and more interpretive difficulties
(Oppenheim, 1992).

To our knowledge, reliable questionnaires to measure changes over time in scientific attitudes
have not been developed. Previous research on attitudes toward science has concentrated on
students’ beliefs about the nature of science (Lederman et al., 2002; Moore & Foy, 1997; Moore &
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Sutman, 1970; Ryan & Aikenhead, 1992), students’ values (Koballa, 1988), and students’ images
of scientists (Driver, Leach, Millar, & Scott, 1996; Mead & Metraux, 1957; Song & Kim, 1999).
Others have studied affective orientation toward science, especially as it relates to career choice,
the interest and intention to engage in science activities, enjoyment of classes, study practices, and
perceived ability (Andre, Whigham, Hendrickson, & Chambers, 1999; Butler, 1999; Conwell &
Prichard, 1992; Crawley & Koballa, 1994; Marsh & Yeung, 1997; Shamai, 1996; Stake & Mares,
2001; Tamir & Amir, 1987). Several researchers have also demonstrated gender differences
regarding these factors (Kahle & Lakes, 1983; Mattern & Schau, 2002; Neathery, 1997;
Weinburgh, 2000). Some studies have focused on whether instructional interventions can alter
students’ views of the nature of inquiry in science (Bell & Linn, 2000; Davis, 1998).

Research Issues: New Questionnaire Development, Attitude Change Assessment

This study has two main purposes: (a) methodological—to design and test a new science
attitude instrument able to reflect attitude change over time and (b) investigative—to find out
the effect of two similar curricular treatments on the attitudes of two classes. In this section, we
describe the need for and the objectives of the study.

Methodologically, evaluating students repeatedly with the same questionnaire is not
adequate. Students taking a test more than once could remember past responses or learn from the
questionnaire itself (i.e., the retest effect). New concerns arise if the tests are not exactly the same,
as they should have equivalent difficulties. For testing attitudes, questions should also be equally
balanced in terms of being hard to agree with and easy to agree with (we will call this item
extremeness instead of difficulty). If the questionnaires diverge, they also must be consistent so
that they measure the same variables (we call this issue consistency). With these criteria in mind,
three similar versions of the attitude questionnaire were developed through pilot-testing and
quantitative modeling using Rasch techniques.

In addition, we used the questionnaire with two innovative science classes to determine
whether (a) collectively, classes’ attitudes toward science would change over time, and (b) there
would be a difference between groups. Based on previous work cited above, one would expect an
attitude change if a curriculum were sufficiently activity-based and engaging; yet it is rare to find
dramatic changes in beliefs or attitudes in a short time. For example, epistemological beliefs—
entrenched ideas about the nature, origin, justification, and limits of knowledge, often char-
acterized as implicit or below conscious awareness and expression—are usually further
characterized as developmental in nature (King & Kitchener, 2002; Kuhn, 1991) and not easily
altered with the presentation of new information [summarized in Aronson (1995)]. In addition,
research has shown a decline in positive attitudes toward science as students reach the high
school level [summarized in McComas (1996) and Piburn and Baker (1993)], suggesting that
one might even expect a decline with the two 10th-grade classes engaged in the present study. The
design and history of the curriculum, though, led us to expect attitude enhancement to be possible
albeit difficult to achieve.

In this study, we used two activity-based science curricula. The first materials were developed
by the Science Education for Public Understanding Program (SEPUP) to promote scientific
literacy and decision making. The second set of instructional materials was created by the first
author to be used with the Convince Me (CM) software (developed by Schank, Ranney, &
Hoadley, 1996) to enhance the coherence of students’ arguments. The SEPUP-only (S) group was
compared with the SEPUP/CM (CM) group. When both groups used SEPUP curricular materials
(described in the next section), they learned about scientific evidence that they then used to make
decisions involving social consequences.
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Various possibilities could explain why students’ attitudes might change. Both groups
might be expected to have a more positive view of science at the end of the study because they
both used more of the realistic-issues curriculum developed by SEPUP. By exclusively using
SEPUP’s hands-on science activities that relate to the real world, perhaps the SEPUP-only,
S, group would gain a more positive view of the applicability of science than would the mixed
group. The CM group used Convince Me software (described in the next section) during part of
the semester. The CM group might be expected to develop positive views toward science because
of their additional experience with a scientific method of reasoning. CM is structured to help
people reason coherently about two or more sides of an issue, and these features might also
generate more positive science attitudes. Furthermore, students used CM to make choices
involving social and personal topics. Perhaps by using CM more intimately and possibly by
learning to be a better decision maker, students would strengthen their attitudes that science is
relevant to them.

These are many reasons why one might expect our participants’ science attitudes to shift,
but finding out exactly why is beyond the scope of this study. Our purpose was to develop an
instrument and use it to measure changes over 18 weeks in the attitudes of the two classes of
students using the innovative science curricula. The S and CM groups responded to the science
attitude questionnaire three times: before, immediately after, and 3 weeks after CM was taught.
Would students perceive science as being more relevant to their lives over the 18-week semester?
Note that the prediction for the attitude study does not include a comparison of the two groups. In
the overall study, however, the CM group was expected to have higher gains on other constructs
regarding reasoning and decision making than the S group) (Siegel, 1999a,b).

The Common Part of Both Curricula: SEPUP

The central S curriculum used to different degrees by both groups in this study is issue-
oriented in that students learn science in the context of making decisions about realistic societal
issues. For example, providing food for the world is the motivating issue for students to learn about
genetics, energy transfer, and plant biology; selective breeding and genetically engineered crops
are explored as tools that agriculturists use to increase crop yield (SEPUP, 1999a). The goals
of issue-oriented programs are to (a) develop an understanding of science and problem-solving
processes related to social issues without taking an advocacy position, and (b) let students make
their own choices based on what they learn (Thier & Nagle, 1994). The instructional materials are
intended to promote scientific literacy and enhance the role of students as independent thinkers
and active participants in science and society (SEPUP, 1999a).

Research efforts have shown that, in contrast to control materials, SEPUP materials increase
student achievement along certain variables measured (Roberts & Wilson, 1998; Wilson, Sloane,
Roberts, & Henke, 1995). SEPUP middle school students made statistically and educationally
significant gains in their ability to use evidence and weigh tradeoffs (Wilson, Sloane, Roberts, &
Henke, 1995), and high school students also improved in this regard (Siegel, 1999a,b). SEPUP
instructional materials, assessment rubrics, and moderation activities are also powerful pro-
fessional development tools; they improve teachers’ abilities to assess learning (Roberts, Sloane,
& Wilson, 1996; Roberts & Wilson, 1998) and they improve teaching practices, such as clarifying
learning goals and establishing fair standards (Roberts & Wilson, 1998).

Participants in this study used a new SEPUP course, Science and Sustainability, to learn about
science concepts, especially in biology, as they relate to sustainability.' The course package
included written materials for students and teachers, as well as laboratory equipment. The SEPUP
approach to science teaching involved investigations, discussions, debates, and other activities
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(SEPUP, 1999a). The course was designed to encourage students to (a) explore the scientific
principles and tradeoffs involved in obtaining their desired quality of life, and (b) develop a global
perspective by investigating issues from the point of view of people living in different regions of
the world (SEPUP, 1999a). Classes in this study used the field test version of this course that is
now published (SEPUP, 1999b).

CM Activities

The CM software (Figure 1) and curricular system have been used in many domains from
physics to abortion issues, and primarily for evaluating hypotheses and evidence—although this
task readily converts to decision making (Ranney & Schank, 1998; Thagard & Millgram, 1995).
We used the CM program with one of two classes of students to see whether it engendered more,
less, or no attitude change compared with the S curriculum. The primary instructional goal in this
study was to provide more guidance during the decision-making process.

While using the program, a student enters hypotheses and evidence about a controversy.
The student connects each statement to at least one other statement with (a) explanation links if the
statements support each other or (b) contradiction links if the statements conflict with each other.
Also, the student rates each proposition according to how much she believes it and, if itis evidence,
how reliable it is. The steps are summarized in Table 1.

Convince Me can think using its connectionist network (ECHO) which simulates aspects
of human reasoning (Ranney & Thagard, 1988). Using ECHO, Convince Me offers feedback
(model’s fit scores) on the degree to which a student’s evaluation of each proposition matches
the value predicted by the computer. ECHO’s rules for prediction are based on the Theory of
Explanatory Coherence articulated by the philosopher of science, Paul Thagard (1989). This
theory is based on foundational ideas about sound arguments—for example, that the more support
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Figure 1.  Convince Me main screen.



762 SIEGEL AND RANNEY

Table 1

Steps for using Convince Me in this study

Step No. Action

1. Articulate beliefs about an issue presented.

2. Categorize each belief as “evidence’ or “hypothesis.” Check off descriptive statements about

the belief (e.g., ““Some reasonable people might disagree.”) If evidence, rate its reliability.
Connect propositions with “explanation” or “‘contradiction” links.
Rate the plausibility of the belief on a 1-9 scale.
Run the ECHO simulation.
Obtain feedback (““model’s fit”’), revise argument, and cycle through the steps again.

Sk w

Note. The particular sequence shown here is not mandatory.

a statement has from accepted sources, the more believable itis. The theory and ECHO were tested
empirically and were repeatedly found to be effective predictors of subjects’ beliefs in various
domains (Read & Marcus-Newhall, 1993; Schank & Ranney, 1991, 1992).

Prior studies with Convince Me indicated that, like SEPUP, it is a useful tool for learning
aboutreasoning (Diehl, Ranney, & Schank, 2001; Ranney, Schank, & Diehl, 1995). Students using
the program performed better than students doing similar pen and paper exercises (Schank, 1995).
Also, undergraduates and adolescents working with Convince Me improved at distinguishing
between hypotheses and evidence (Ranney, Schank, Hoadley, & Neff, 1994) in ways particularly
facilitated by Convince Me (Diehl, Castro, & Ranney, 1997; Schank, 1995; Siegel, 1999a).
For example, using Convince Me, they tended to most associate a piece of evidence with an
“acknowledged fact or statistic,” whereas a hypothesis correlated most with ‘“‘one possible in-
ference, opinion, or view”” (Schank, 1995). High school students using Convince Me were able to
support their claims with objective evidence and generated more than one alternative while
making complex decisions (Siegel, 1999a,b). Furthermore, Convince Me was used to study the
process of reasoning; for example, high school students’ and experts’ reasoning about global
warming was compared (Adams, 1998).

Method for the Two Groups

This study was conducted within a larger study that also examined students’ reasoning,
including how students supported decisions with scientific evidence, weighed tradeoffs, and
understood how Convince Me evaluates arguments and propositions (Siegel, 1999b).

Participants

Two 10th-grade classes participated in the study, with 28 pupils in Group S and 19 in
Group CM. The two classes’ scores on the standardized Terra Nova test (CTB, 1997) were not
significantly different (p =.35) before instruction. The overall mean score was 2.45 on a 5-point
scale, which was below the test’s nearing proficient score of 3.00.

The participating school faces socioeconomic challenges typical of the inner city: 50% of its
students qualify for Aid for Families with Dependent Children (AFDC); 42% of students are
identified as Limited English Proficient by the school district. SAT scores reported for the 41% of
the school’s seniors who took the test were dramatically below the national average: 321 on the
verbal portion and 437 on mathematics, compared with the national averages of 423 and 479,
respectively.
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Design, Procedure, and Materials

Figure 2A shows the timing of activities, evaluations, and topics covered. For the first 7 weeks,
both classes participated in the same Science and Sustainability activities at the same time. Then,
for 8 weeks (indicated by the middle double-headed line), the CM class used both the SEPUP and
the CM activities. Because of a scarcity of the school’s computer facilities, half the class used CM
one day while the other half completed SEPUP activities, and the next day they switched. The time
that the CM class spent on decision-making activities with the software was short (effectively
4 weeks, or 22% of the time), compared with the time spent on SEPUP and other materials. The S
class continued to use SEPUP issue-oriented activities during the time the CM class used the
software in this manner. During the last 3 weeks of the study, both classes engaged in activities and
review (Figure 2A). Thus, the study proceeded for half of a school year, and the majority of the
time, both classes were using SEPUP materials. Figure 2A also shows the times when attitude
questionnaires were administered. Students spent less than one period on each questionnaire.
The first author interacted with both classes daily and equally based on the procedure just
described. From September through January, before the study began, both classes were using the
Science and Sustainability course.

Panel A: Design Panel B: Results
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Figure 2. (A) Timing of instruction and assessment. Labels on double-headed lines indicate weeks when
groups were working on SEPUP or Convince Me activities. (B) Science attitude results on the pretest,
posttest, and delayed posttest which, as indicated in (A), occurred during the 1st, 15th, and 18th weeks.
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The regular teacher taught both classes, which were at the Advanced level of First-Year
Biology. The teacher was experienced in using SEPUP materials, and she taught all the other
sections of Advanced Biology for the school, as well as an Environmental Science Institute.
During the CM computer activities, the group was split into alternating halves. The first author
acted as the CM instructor in the computer lab; the regular teacher used SEPUP activities in the
classroom. A computer teacher, who was primarily an English teacher, was also present in the
computer center.

The SEPUP science topics covered during the study were sustainability, biotechnology,
food webs, genetics, and ecology. Figure 2A shows the sequence. Students in the CM group
learned and practiced a model of decision making they could use in other situations involving
complex choices. Once these students were adept at using the program [see Siegel (1999a) for
details of instruction], each made decisions while working alone with CM. Students entered their
alternatives, beliefs, and/or goals into the program and supported these with evidence and other
hypotheses. They also had an opportunity to use CM to make a personal decision of their own
choice. The goal was for students to learn ways to make an evidence-based, coherent decision.

Development of Three Versions of the Changes in Attitudes about the
Relevance of Science (CARS) Questionnaire

We developed three versions of a questionnaire concerning students’ attitudes toward science
to assess students’ views at different times. The CARS questionnaire, shown in Appendix A,
consisted of 59 items that were eventually separated into three equivalent versions (pretest,
posttest, and delayed posttest) by pilot-testing the questions with 188 9th- and 10th-grade students
(none of whom were in the S and CM groups). The final three versions of the questionnaire
contained 8 repeated and 17 unique items, for a total of 25 items on each version. The items include
and expand upon SEPUP’s Perceived Relevance of Science items [with permission from Roberts
and Henke (1997)].

The purpose of the questions was to investigate students’ views on the nature of science—
specifically the relevance of science to their lives as they make decisions. For example, do students
believe that science may be helpful in making better decisions about their health or about the
environment? Does using a scientific process help the student make good decisions? For this
study, science is broadly defined and includes students’ commonsense notions of science.
Accordingly, the questionnaire was designed to conceptualize science in multiple ways. The
terminology included scientific, science class, science experiments, learning science, and
scientific methods. Topics in the questionnaire included several arenas in which science might be
relevant or irrelevant to students, including health, the environment, sports, computers, college,
thinking skills, social skills, future success, and course selection.

Reliability and Experimental Concerns

As alluded to earlier, a potential problem with evaluating students over time on the same
variable arises if they take the same test multiple times. This retest effect was diminished because
some of the items were different on each test (Appendix A).

Other concerns involve item extremeness, issue consistency, item fit, and internal consistency.
Item extremeness, issue consistency, and item fit were computed using Quest software (Adams &
Khoo, 1993; a newer version is now available) in the aforementioned pilot study with 188 other
students. Again, item extremeness is the relative ease of agreeing or disagreeing with an item.
Itis important for items to have the same level of extremeness on equivalent test forms. Therefore,
we assessed item extremeness on each questionnaire to ensure that any observed increase or
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decrease in agreement was not because it was easier or harder to agree with the items themselves.
Also, issue consistency was assessed to ensure that items consistently represented the variable
being measured. Item fit (a measure of both item consistency and quality, computed by Quest
software) and item consistency (Cronbach alpha) were also calculated and addressed in the pilot
studies. After these four factors were examined in such studies, items were then adjusted—
removed or switched to a different test form—and recalculated so that the three questionnaires
used in this study would be valid and reliable. Statistics illustrating the validity and reliability of
attitude questionnaires are reported in the next section.

Experimental Concerns Addressed by Rasch Techniques

Data from the pilot and final tests were analyzed using advanced measurement techniques
from Rasch modeling (Masters, 1982). In Rasch analyses, the raw information is transformed
using techniques from item response theory. We used a slightly generalized form of Master’s
partial credit model (Masters, 1982). With Rasch analyses, objectivity is obtained by estimating
person ability and item difficulty (attitude and extremeness in the present study) with a probability
function for a particular answer such that the probability of getting an item correct is a function of
the difference between person ability and item difficulty (Rasch, 1960).

Rasch models offer a few benefits compared with classical measurement techniques. One
advantage of using Rasch models is that participant characteristics and test characteristics can be
separated rather than interpreted only in the context of each other. Using classical measurement
models, a participant’s attitude is defined only in terms of a test such that if the test is extreme,
she will appear to have a moderate attitude. In addition, classical measurement procedures have
not provided complete solutions to important testing issues, such as designing tests (Lord, 1980),
exposing biased items (Lord, 1980), and equating test scores (Cook & Eignor, 1991). Using Rasch
techniques, one can also compare the extremeness of particular items in detail, rather than using
items without knowing how they differ. Classical theory does not account for items, but rather
for a composite test score, thus only providing for comparison of people (norm referencing).
Rasch modeling is both norm-referenced and criterion-referenced, which offers more avenues
for interpreting the results. Criterion referencing means that performance is measured according
to specified standards or criteria, rather than compared with the performances of other test takers.
The model assumes a progression such that if a student scores well on a hard item (or one that is
difficult to agree with), he will also score well on an easier item (or one with which he is more
comfortable to agree). When items fit the model, they adhere to this rule. Because we are investi-
gating changes in attitudes about science, a model that expresses change in a criterion-referenced
way is preferable.

As noted above, the CARS questionnaire consisted of 59 items separated into three partially
redundant final scales (pretest, posttest, and delayed posttest) with 25 items each. The question-
naire was a reasonably reliable instrument, as indicated by the internal consistency of each scale
being above .80, and for all 59 items it was .91. The first part of Appendix B shows fit statistics for
each item. The items did not completely represent attitudes toward science consistently, as shown
by the item fit statistics in Appendix B.

Qualitatively, the Rasch model’s participant measures for this scale represent individual
differences in attitudes toward science—that is, from strongly believing that science is relevant to
everyday life to strongly believing that science is irrelevant. Appendix C summarizes opinions
characteristic of four levels of opinion out of the 8 categorized. Rasch units are called logits, and
Appendix C provides a qualitative sense of what a logit score means in terms of how strong a
representative student’s opinion was.
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Results for the Two Groups

Basic (Nonscaled) Results

Basic non—Rasch-scaled results are included here for readers not familiar with Rasch
modeling. Findings from the three tests showed increasingly more positive views toward science.
On a 0—4 continuum, from “‘strongly disagree” to “strongly agree’ regarding the relevance of
science, both groups averaged between 2 and 3 (neutral and agree) at every time point. The average
scores for the S and CM groups are shown in Figure 2B. Both groups tended to agree more over
time that science is relevant to their lives. The 3 x 2 (Time x Participant group) repeated-
measures analysis of variance (ANOVA) showed no significant difference between groups
and revealed a significant difference over time, F(1, 18)=17.98, p <.000. Simple pairwise
comparisons between time periods for the full sample revealed that differences between each
test were significant: pretest and posttest, F(1, 37) =4.94, p < .05; posttest and delayed posttest,
F(1, 18) =16.92, p <.005; and pretest and delayed posttest, F(1, 25)=23.71, p <.001. The
overall gain was equivalent for both classes, increasing by about half a point (.45 and .46).

Rasch Analyses

Rasch analyses should provide a more reliable temporal picture of students’ attitude changes
toward the relevance of science, by modeling the measurement error. Rasch analyses are also
better able to handle missing values, resulting in different sample sizes for the Rasch results than
the basic results. Figure 2B shows average Rasch ability estimates (in logits) and reveals more
positive attitudes toward science over time. As noted, standard deviations ranged from .22 to .36.
Figure 2 also notes the average gain for each class. On average, student attitudes increased more at
the end of the semester, between the posttest and delayed posttest, but not significantly. The 3 x 2
(Time x Participant group) repeated-measures ANOVA of ability estimates for each student again
showed no significant difference between groups and again revealed a significant difference over
time, F(1, 20) =23.50, p <.001. Simple pairwise comparisons between time periods for the
full sample revealed that differences between each test were significant: pretest and posttest,
F(1,39)=4.23, p < .05; posttest and delayed posttest, F(1,20) =29.12, p < .001; and pretest and
delayed posttest, F(1, 27) = 33.73, p <.001. The Rasch results show the exact same pattern of
results as the basic analyses with some slightly greater F values.”

Students’ opinions about science ranged from a score of 3.13 logits down to —0.81 logits.
The logit scores can be interpreted qualitatively by comparing them with similar entries in
Appendix C. For example, the S class felt that science was not very relevant to everyday life,
during the pretest (—0.12 logits on average) (Figure 2). On the posttest, their opinion was more
neutral (—0.03 logits), and on the delayed posttest (0.20 logits) they had a mild inclination toward
the relevance of science. The CM class started from a neutral position on the pretest (0.05 logits),
became more positive on the posttest (0.13 logits) and felt that science was somewhat relevant to
them on the delayed posttest (0.40 logits).

Rasch analysis also revealed which items were more or less extreme. For example, the item
regarding whether learning science would affect one’s election vote was easy to agree with. Also,
more students agreed with this item on the posttest and delayed posttest than on the pretest.
Students from both classes tended to be neutral about science helping them evaluate their own
work. Furthermore, on the delayed posttest, students strongly agreed with the item, ““Science helps
me to make sensible decisions.” Although students became more positive over time on most items,
a few items were difficult to agree with, such as one about science class being useful in one’s
everyday life.
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Discussion

Much has been accomplished toward developing a reliable and valid instrument to measure
students’ attitudes toward science (Moore & Foy, 1997; Roberts & Henke, 1997). However, we are
not aware of any instruments designed to measure attitude about the relevance of science over
multiple intervals. Such a measure requires careful selection of items and incorporation into
versions of questionnaires that are equivalent yet different enough so that not all of the items are
repeated. In this study, we developed three versions of a science attitude questionnaire, using a
Rasch model, and applied these to compare students’ attitudes over time on two variants of an
innovative biology course.

Our results regarding students’ attitudes about science are encouraging in that our analyses
show significant improvements over time. The basic results demonstrated that on average,
students had a slightly positive view of science and that it became more positive over the semester.
In addition, the qualitative analysis using the Rasch scale demonstrated that the gains in both
classes represented modest but discernible changes. For example, on average the CM group tended
to be neutral on the pretest and somewhat in agreement on the delayed posttest that science helps in
making sensible decisions. (A slight difference between the basic and Rasch-scaled results such as
this is expected.)

These findings are interesting not just because they point to the success of the curricula—they
would need to be further tested with other contrasting curricula—but also because they show that
scientific attitudes may change. That students’ beliefs about the relevance of science can be altered
over one semester, simply by using realistic, issue-oriented science activities, seems worthwhile
for educators to know. The result is especially critical given that students’ attitudes about science
are important determinants regarding their future involvement and performance in scientific
classes and careers.

Both groups’ attitudes changed as measured by reliable questionnaires. No significant
differences were found between groups, although the CM group had numerically more positive
attitudes and gains (Figure 2) about the relevance of science than the S group. Thus, as expected,
no claim can be made that the use of CM and related activities designed to teach students about
forming a coherent argument contributed to their attitude changes. A possible personal attention
confound is that the CM group had a much smaller class size during the computer activities
because they were split into two rooms. Even so, as alluded to above, additional data collected for
the overall study revealed that CM students improved in terms of reasoning as well as attitude.
Specifically, the use of evidence and the ability to weigh tradeoffs in decisions appeared to be
enhanced, with a significant nonscaled gain between the pretest and delayed posttest of 1.48
(1.05 for the S group) (Siegel, 1999b). Although it seems reasonable that the addition of CM-type
activities to the SEPUP curriculum would be beneficial for students in terms of both reasoning and
attitudes, further studies would be required to draw more general conclusions about the added
benefits of incorporating Convince Me.

We have reported (a) the development of a reliable set of questionnaire items for measuring
scientific attitudes over time and (b) results suggesting it is possible to enhance students’ attitudes
that science is relevant by using innovative, issue-based activities. As educators develop new
instruments and assess students, it is important to consider that change may not be immediate but
may take time. We are curious about what changes occur over a longer period, such as students
in an 8th-, 9th-, and 10th-grade sequence of SEPUP courses. Research involving how and why
attitudes change is also promising. For instance, why exactly do we see a positive effect on
students’ beliefs toward science? Furthermore, we mentioned that both attitudes and performance
on reasoning tasks (Siegel, 1999b) seemed to be enhanced during the entire study. Are the attitude
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and performance benefits for these disadvantaged students also correlated with persistence in
science? A critical future step for education researchers will clearly include devising more
developed, and more classroom-based, models to help explain the links among attitude,
performance, and persistence.
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3 and 4. Many thanks to our JRST editors and reviewers, and Edward Wolfe, Stephen
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Notes

'For example: ““to be sustainable is to provide for food, fiber, and other natural and social resources
needed for the survival of a group—such as a national or international society, an economic sector, or
residential category—and to provide in a manner that maintains the essential resources for present and
future generations” (Wimberley, 1993).

2Multiple analyses—for instance, repeated-measures ANOVA using averages to replace missing
values—revealed the same pattern of results.

Appendix A

CARS Items

99 ¢

Students checked a box labeled with one of the following choices: “‘strongly agree,” ‘““some-
what agree,” “‘neutral,” “somewhat disagree,” ‘“‘strongly disagree,” or ‘“‘don’t understand.”
Students were encouraged to inquire about items before checking “don’t understand’’; the few
resulting responses were coded differently from nonresponses and missing data. Each question-
naire ended with: “Please comment on any of these issues in your own words” and “Thank you
very much!”

Numbers below represent the same items shown in Appendix B and C. Eight repeated items,
numbered 18-25, appeared on each version of the questionnaire.

9 ¢

Repeated Items on Versions A, B, and C

18 Much of what I learn in science classes is useful in my everyday life today.

19 Learning science can help me when I pick food to buy.

20 Caring about people is part of making a scientific choice, such as whether to use pesticides on
plants.

21 Science helps me to make sensible decisions.

22 The things I do in science have nothing to do with the real world.

23 Science helps me to make decisions that could affect my body.

24 Learning science will have an effect on the way I vote in elections

25 Making decisions can be difficult without reliable evidence.
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Items Only on Version A

1 My parents encourage me to continue with science.

2 I plan to take more science classes in high school.

3 Science helps me to work with others to find answers.

4 Science class helps me to evaluate my own work.

5 Learning science helps me understand about the environment.

6 Emotion has no place in science.

7 Science class helps me to judge other people’s points of view.

8 Science will help me understand more about world-wide problems.

9 Science has nothing to do with my life outside of school.
10 Experiments in science help me to learn with a group.
11 Science teaches me to help others make decisions.
12 Knowing science will not help me in sports.
13 Science has nothing to do with buying things, such as food and cars.
14 Knowledge of science could make it easier to fix a bicycle.
15 Science teaches me to think less clearly than I already do.
16 Making a good decision is a scientific process.
17 Science class will help prepare me for college.

Items Only on Version B
26 Science class helps me to work with others to make decisions.
27 I am interested in learning more about computer technology and designing video games.
28 Science has nothing to do with local issues, such as waste from nearby factories.
29 Science can help me make better decisions about what I buy.
30 Science experiments can help me to better understand the world.
31 I would like to learn more about strategies for thinking in my science class.
32 Knowledge of science helps me to prevent the spread of colds/diseases.
33 Using scientific methods helps me make environmental decisions.
34 Learning science is not important for my future success.
35 I only take science because it is a required course.
36 In most cases, personal feelings are important for making choices in science.
37 Knowing science can help me to make better choices about medical issues.
38 Collecting evidence is an important part of making a decision.
39 Science class will help prepare me for major decisions in my future.
40 I will only take math classes for as long as I have to.
41 Learning science enables me to explain my thoughts better to others.
42 Knowledge of science will help me protect the environment.
Items Only on Version C

43 Science will help me to understand the effect I have on the environment.
44 Science helps me to ask others for help with my work.
45 Using scientific methods helps me think things through.
46 Science can help me decide how to treat my cold or illness.
47 Usually, it is bad to have any feelings about the scientific issues I am considering.
48 Science should be required in school.
49 Science could help me figure out how to spin/shoot/throw/hit a ball.
50 Science class helps me to evaluate my own work.
51 I do not expect to use science much when I get out of school.
52 I am interested in a career as a scientist or engineer.
53 Making decisions can be difficult when I don’t understand the choices.
54 My intuition helps me make decisions in science.
55 I have support from others to excel at science.
56 Using scientific methods helps me decide what to buy in the store.
57 Science will help me understand the importance of recycling.
58 Learning science can help me understand about things that affect people’s health.
59 Science can help me to make better choices about various things in my life (e.g., food to eat, car to buy).
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The proportion of items outside the dotted lines (Figure B1) is about 25%, which is large. Item
58 concerned the usefulness of science for making decisions about health and did not fit the model,
possibly because the Science and Sustainability course did not include health directly. Item 47,
which dealt with having feelings about scientific issues, also did not fit the model. Items 40, 52, and
59 also did not fit as well as predicted from pilot testing. It appears that students reacted strongly to
these items that were about ““taking math as long as I have to,” wanting a “‘career as a scientist,”
and life choices. These items are perhaps not helpful indicators of students’ views of the relevance
and usefulness of science for making decisions.

Infit Mean Square Outfit Mean Square Infit t Outfit t
Mean 1.01 Mean 1.06 Mean 0.02 Mean 0.15
SD 0.30 SD 0.40 SD 1.38 SD 1.41

As mentioned earlier, the questionnaire was a reasonably reliable instrument as indicated by
the internal consistency of each scale being above .80, and for all 59 items being .91.

Appendix C

Interpretation of Science Attitude Logit Scale

This appendix offers a sense of what the logit score numbers mean. The qualitative
descriptions in this appendix are representative of responses that were close to the characteristic
logit score. The first column provides various representative students’ logit levels described in the
other columns. The second column describes the attitude of the representative students. The third
column gives examples of student responses to particular items.

Logit Attitude Description Examples of Student Response to Particular Statements
24 Very strongly believes that science  Strongly agree with: Science helps me to make sensible
is relevant to life decisions (Item 21). Learning science can help me

when I pick food to buy (Item 19).
Strongly disagree with: The things I do in science have
nothing to do with the real world (Item 22).
1.3 Believes that science is relevant to ~ Somewhat agree with: Science helps me to make
most areas of life. sensible decisions (Item 21). Learning science can
help me when I pick food to buy (Item 19).
Neutral to: Learning science will have an effect on the
way I vote in elections (Item 24).
0.5 Believes that science is sometimes ~ Somewhat agree with: Science helps me to make
relevant to life. sensible decisions (Item 21). Learning science can
help me when I pick food to buy (Item 19). The
things I do in science have nothing to do with the real
world (Item 22).
-0.8 Strongly believes that science is Somewhat disagree with: Science helps me to make
irrelevant to life sensible decisions (Item 21).
Neutral to: The things I do in science have nothing to do
with the real world (Item 22).
Strongly disagree with: Learning science will have an
effect on the way I vote in elections (Item 24).
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