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            School reform issues continue to be at the forefront in the debate surrounding the future of public schools in the United States. Many school reformists point to the seminal report Nation at Risk as a benchmark and conclude that not much has been done toward improving public schools since its publication in 1983. The National Commission on Excellence in Education was appointed by then Secretary of Education Terrell Bell of the United States Department of Education dunng the Reagan Administration. Their report condemned American public education for producing a rising tide of mediocrity revealed in the scholastic achievement of youth. Since the report was published, a ground swell of private and public groups have proposed more than 300 rec~a~ for correcting the problems experienced in public education (Champagne, 1989).

 

            One case in point is the article The Big Lie about U.S. Education, found in the October 1991 Phi Delta Kappan by Gerald Bracey. Bracey sn~ests that reports on the misgiv[ngs and perceived fai1ings of the U.S. educational system have been offered into debate regularly, but began "pouring in after 1983" (p. 103). Bracey offers a contemporary premise that because many past and present accounts have negatively cnticized the education process in the U.S., that a poor education "has become an assumption" (p. 106).

 

            The debate is as fierce today. Chester Finn, a fellow at the Hudson Institute and former education official in the Reagan Administration claims:

 

Ever since a 'Nation at Risk ' there's been this little band of wishfi~1 thinkers and evisionists who've denied there's been a problem and who have been enormously popular within the education profession because of that denial. They get lots of prizes and speaking engagements, but everyone else ignores them (The wretched state, 1995, line 343).

The same point could be made in the case of many types of universities and colleges thatoffer science, mathematics, and engineering courses. Seymour (1995) reports that students are leaving the fields of science, mathematics, and engineering "at the rate of 40 to 60 percent" for nonscience majors (p. 392).

 

            This paper will further examine the issue of why students leave science-related areas of study by examining the learning environments in three introductory college science classrooms: biology, chemistry, and physics. The data used for analysis were student and teacher preferences and perceptions of classroom learning environments from the Constructivist Learning Environment Survey (CLES) (Taylor & Fraser, 1991).

 

The problem
            Students are leaving science-related majors for nonscience majors in all types and sizes of colleges and universities across the nation. Elaine Seymour, director of ethno~aphy and assessment research at the University of Colorado concluded a three-year study beginning in 1990 that investigated the reasons students leave science-related majors for nonscience majors. Seven major science, mathematics, and engineering(S.M.E.) co11eges and universities, small to large, private and public, were chosen for the sample. "We presumed," writes Seymour (1995), "that the institutional context in which S.M.E. education takes place was likely to have some effect on retention and attrition . . . this presumption was not supported by our findings" (p. 392).

 

            Morris Shamos, professor emeritus of physics and former president of the National Science Teachers Association, in his book The Mvth of Scientific Literacy. discusses many possible reasons for the exodus Seymour describes. Shamos (1995) appears to have reached a very simple, yet vexing, conclusion for such a departure -- "science is hard "(p. 95). He discusses at length the reasons for science being hard and the rationale associated with such a judgment.

 

            As a result, Seymour (1995) counters Shamos' claim by offering evidence that students who are choosing to leave science, mathematics, and engineering majors are not those who readily St ~nto to Shamos' categorization of students leaving these majors due to their difficulty. It appears from the data that students are consciously making the choice to leave S.M.E. majors based upon primarily pedagog~cal reasons and personal experiences while enrolled in S.M.E. courses. Seymour (1995) uses the titles of switchers and nonswitchers to deSne students staying in or leaving the S.M.E. majors in her research. She concludes her recent study by stating, "We did not Snd switchers and nonswitchers to be two different kinds of people. They did not differ by performance, motivation, or study-related behavior to any degree that was sufficient to explain why one group left and the other group stayed" (p. 396).

 

            Perhaps the most troubling outcomes of the study were the highly rated, cross-campus reactions from the S.M.E. students about their classes. Seymour (1995) continues with, "Criticisms of faculty pedagoloy contributed to one third of all switching decisions, and were the third most commonly mentioned factor in such decisions. Complaints about poor teaching were cited as a near-universal concern by switchers overall, and were the most commonly cited complaints of nonswitchers" (p. 398).

 

            It appears from the Seymour study that Shamos' certiScation of science as being hard is not the primarily reason for students leaving S.M.E. majors. The reasons, however, become more unmistakably clear based upon Seymour's researchontemporary students are not merely settling for a~ S.M.E. education. They are making very rational choices for leaving based upon their S.M.E. classroom experiences. Cons~ and College Science Courses Constructivism is defined as "an epistemology, a theory of knowledge used to explain how we know what we know" (Lorsbach & Tobin, 1992, p. 21). Lorsbach and Tobin maintain that:

 

. . .constructivism asserts that knowledge resides in individuals; that knowledge cannot be transferred intact from the heads of a teacher to the heads of students. The student tries to make sense of what is taught by t~ng to fit it with his or herexperience (p. 22). 

 

            Constructivist epistemology has influenced learning in science and mathematics, and many other academic areas. The value of constructivist epistemology upon teaching practice has also been identified and hiAhly praised in many educational reform reports and papers published (Amencan Association tor the Advancement of Science [AAAS1, 1993; Gl~nn, Yeany, & Britton, 1991; Pressley, Harris, & Marks, 1992).

 

            Efforts in college science courses across the nation are underway to include more constructivist oriented teaching strategies. Lord (1994) outlines how the 5E model (Bybee' 1993) of constructivist teaching can be used to enhance student learning in a college biology course. Bybee's SE model mod)fies the original 3 phases (exploration, invention, and discovery) of the learning cycle originaRy proposed by Karplus and Thier (1967). The 5-E's are easily remembered for lesson planning as Engagement, Exploration, Explanation, Elaboration, and Evaluation. Other college science instructors report of using various teaching strategies associated with constructivist teaching such as cooperative learning, discourse between instructors and shnients, and student interactions in class (Lord, 1994; Tiartman, 1955).

 

            Science education researchers have long been trying to identify and disseminate best classroom practice for science teaching. While many teachers presume they know what best practice is, and try to apply it within their classrooms, often times this best practice is hard to assess in classroom learning environments. Barry Fraser (1994) writes:

Although classroom environment research has focused on the assessment and improvement of teaching and learning, it has done so largely within the context of the traditional, dominant epistemology underpinning the established classroom environment. Consequently, a new learning environment instrument is needed to help researchers assess the degree to which a particular classroom's environment is consistent with constructivist epistemology and to help teachers reflect on their epistemological assumptions and reshape their teaching practice. The Constructivist Learning Environment Survey (CLES) was developed to meet this need . . . (p. 527).

 

        The Handbook of Research on Science Teaching and Learning (Gabel, 1994), published by the National Science Teachers Association' refers to constructivism as a "frameworkto make sense of teaching and learning" (p. 85). If constructivist teaching practices are noted as sound for elementary and secondary science courses, then it follows to reason that they may also be appropriate for college science courses.

 

Method
        This research is exploratory in nature. Originally, the intent was to validate the use of the CLES in introductory college science courses. As the data were analyzed, however, a secondary facet unfolded relating to Seymour's (1995) work . The data appear to have potential value in further validating not only the CLES, but also Seymour's research findings. 

 

Sample
            The samples for this study were samples of convenience from the biology, chemistry, and physics departments of a mid-sized western land grant university. The biology course data were gathered during the fall of 1995, which was followed by chemistry and physics in the spring and summer semesters respectively. The science courses' teachers were contacted by the researcher and asked to be involved in the study. It's interesting to note that not all of the teachers contacted were willing to take part in the study. Only one out of three chemistry teachers, and one out of two physics teachers accepted the invitation to be involved. Lack of class time was the typical reason given for their decision. The first biology teacher solicited agreed to take part in the study.

 

        Each class was determined to be a typical college science course by this researcher. Every class meeting was a teacher led lecture format. Students were encouraged to ask questions of the teacher only after class. No time was given for student-to-student discussions in class. A new topic of study was presented at each class meeting. All assignments or laboratory work were prearranged by the teacher with no consultation with the students. All exams for the courses were multiple choice in nature. The sample consisted of females and males, including both science and nonscience majors as seen in Table 1.
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*Note -- An attempt was made in trying to secure a Physics 100 course to control for course level. No instructor (out of three) solicited would take part in the study due to a concern for loss of class time to survey their class. Therefore, Physics 151 was substituted. 

 

Procedure
            The CLES consists of two questionnaires, a preferred form and a perceived form. Each version surveys student opinions respecting classroom en~omn~. The versions differ in content as to one's preferences and perceptions about being taught in a constructivist-oriented Iearning environment.

 

            The preferred version of the CLES was administered to each science course during the first week of classes during the semester. The perceived version was then administered during the last week of regular classes dunug the same semester. The survey was given by this researcher and took approximately 20 minutes to complete. During this same time, a modified version of the perceived CLES was g~ven to the teacher of the science class. The intent of the modification was to allow the teachers to assess themselves on their personal classroom teaching styles. The validity of the CLES was highly regarded and maintained. Consequently, only grammatical changes were made for the teacher CLES version. Instead of using the typical CLES stem of "In this class . . .", the teacher version was changed to "In my class . . . ~ll science teachers completed the modified CLES survey (n = 3). No treatment (e.g., changing teaching styles, classroom demeanor, etc.) was applied dunog each semester the CLES was administered.

 

Results
Cronbach's alpha, means, and standard deviations for the CLES sample can be seen in Table 2.

 

 [image: image5.jpg]Tabhe 2

tho CLES Preferred and

Biokogy, Chemisty,  and
CLES Proferred and Porceived subscales

(negoriston, prios knowlodge, sulonomy, student centerodness)

Course Soale Alpha Rl Mean St Devintion
Phrys-pref Negotiation 350 7
Phys-per 3 310 95
Chempret. 91 346 st
Chem-per 81 293 n

io-pref. ] 359 &
Ricrper 8 348 B
Reported-pref 5

Reporied-por 3




 [image: image6.jpg]P Knowdedge

Automomy

Student Cont'd





            The alpha reliability coefficients suggest that the preferred and perceived versions of the CLES have acceptable internal consistency when introductory college biology, chemistry, and physics courses are used as the unit of anahsis. These results, however, are only reliable for these samples under study. Reliability analysis should be repeated on each sample in future studies.

 

The median Cl :F S scores for each science class can be seen in Table 3. Median scores were reported due to the Likert-scaled data collected by the CLES (Gibbons, 1993).
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Conclusion and remarks
 

            Taylor and Fraser (1991) caution that, ['when ana~ang results, it should be remembered that (a) there is no ideal mean score to be attained . . . (p. 5)." Taylor and Fraser's observation is well taken. Whether the CLES overall scores are acceptable is an ind~dual judgment and a point of discussion for another day. The overall median preference scores were at the sixty-ninth percentile. One could infer that the students reportedly preferred to be taught along the frameworks consistent with constructnist epistemology. The CLES results, however, cause one to reflect more closely on Seymour's (1995) findings.

 

            What I find intr~ung is the drop in the student's preferences versus perceived scores regarding the course (e.g., 29 to 24). Champagne and Klopfer (1984) offer a profound observation in a review of cognitive psychology research that, perhaps, rings most true about the actual application of any epistemological framework employed in a college course: "When we teach, we assume students interpret text, lectures, and experiments as we intended them to be interpreted; the evidence is accumulating that this assumption is often not valid~ (p. 186). These misread interpretations alluded to by Champagne and Klopfer are reflected in the science teachers' overall CLES scores. All teachers scored at 64 percent or better. This result is roughly f~ve points beneath the students' preferred scores of 69 percent.

 

            I suggest that this result is the key to the CLES. College science teachers who want to shift their classroom reaming environments to become more consistent with constructivist epistemology should administer the CLES preferred version at the very beginning of the semester. At the end of the same semester, the CLES perceived version would be given. The CLES, then, could be used as a self-check for the teacher to measure the efficacy of their efforts in t~ring to move to more cons~ oriented teaching and learning environments.

 

            The CLES appears to hold promise for assessing classroom learning environments in college science courses. College science teachers must begin to appreciate students' preferences for learning environments and value students who may want more of a negotiable, autonomous, and student centered classroom that focuses upon one's prior knowledge. If this were to happen, more students might choose to remain S.M.E. majors. School reform does not end in high school. If college science teachers do not choose to be a part of school reforn,, students will leave such environments in search of institutions of higher learning that do appreciate their needs.
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