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Since the 1980s, over a thousand Korean science teachers and supervisors visited western countries to participate in overseas in-service training programs. This study reports the evaluation of the effect of the University of Iowa 's program on the development of teachers' constructivist philosophies by participating teachers. A total of 70 high school teachers who participated during the fall of 1995 and the summer of 1996 were surveyed. The Constructivist Learning Environment Survey was translated into Korean and administered to the participants three times: at the beginning and the end of the workshops and again three months after. Analysis indicated that the effect of the workshop was significant and that the learning was retained. Ways of encouraging teachers to continue improvement in the use of constructivist practices are discussed in light of the realities of Korean science education. 

In the 1980s, the Ministry of Education, the Republic of Korea, developed a 5-year plan to upgrade and improve science education, financed with a loan from the World Bank. As part of the plan, from 1985 through 1988, several hundred science teachers and supervisors visited the United States and Great Britain to participate in overseas in-service training programs. These were conducted mainly at the Ohio State University, the University of Iowa, and the University of London (Mayer, 1991). 

In 1994, the Ministry resumed the overseas inservice program, but it was designed to serve even more teachers each year. For example, during the summer of 1996, 1,900 elementary and high school teachers participated in 4- or 5-week overseas inservice programs. Two hundred and eighty of the participants were high school science teachers. The Korean Ministry of Education initiated this program with the goals of promoting teachers as educational leaders, while also monitoring science education reform in other countries (Korean Ministry of Education, 1996). 

The University of Iowa's Science Education Center developed and conducted three workshops, involving a total of 110 Korean science teachers in 1995 and 1996. Twenty biology and 20 physics teachers attended in the summer of 1995; 15 chemistry and 15 physics teachers attended in the fall of 1995; and 20 earth science and 20 physics teachers attended in the summer of 1996. These experienced high school science teachers were selected as a result of a competitive examination emphasizing knowledge of science and English. The summer institutes for Korean teachers were organized utilizing the features of the Iowa Chautauqua Program (ICP), a validated in-service teacher enhancement program, administered by the University of Iowa. 

The programs at the University of iowa were implicitly designed to provide an opportunity for the participants to experience the recent science education reforms which focused on science/technology/society and constructivist learning as major features. The programs were constructed with four main themes: 

· Increasing science education reform awareness. * Working with American science teachers' activities. 

· Enhancing the needed content knowledge in their respective discipline while also illustrating integration. 

· Identifying and developing teaching modules for use by teachers in their Korean schools. 

Changing teachers' perceptions about constructivist learning environments was considered the major objective and an appropriate indicator of the effectiveness of the workshops. This study was designed to assess the effect of the program by measuring the change of teachers' perceptions about constructivist learning environments. The study also aimed to increase knowledge about the relative importance of the program features and the success in stimulating change in teaching behaviors after the program. 

The Korean Teachers' Institute

Typically, teachers spent the first week of the Korean teachers' institute discussing science education reform in the U.S. Changes, such as broadening definition of science and stressing understanding rather than memorization, were discussed. In addition, constructivist approaches in teaching materials, teaching strategies and assessment were discussed and demonstrated. The National Science Education Standards (National Research Council, 1996) was distributed to all participants and used as a resource for discussion and module development. 

During the second week, several days were devoted to working with teacher leaders from four sites who hosted visits to their respective schools. The lead teachers demonstrated constructivist teaching through activities in which the participants and students from the school were involved. The participants had time to reflect on and discuss their own teaching and teaching conditions with the lead teachers. They spent another full week in laboratories at the university, where scientists known for their science research, as well as their use of innovative teaching methods, headed half-day sessions. 

The last week of the workshop was devoted to the development of modules for planned use in the teachers' own classrooms after they returned to Korea. Teachers were instructed to apply STS/constructivist philosophies into their modules by including student-centered activities, choosing topics/issues related to society and technology, focusing on few big ideas and using various assessment methods. The last two days were devoted to presenting the results to other groups, the staff, and some of the lead teachers. 

The Constructivist Learning Environment Survey

Brooks and Brooks (1993) identified 12 strategies which constructivist teachers show in their classes. Yager (1991) introduced a scale for analyzing the degree to which constructivist learning is occurring. A survey instrument, the Constructivist Learning Environment Survey (CLES), was used to measure the extent to which teachers perceive and use constructivist teaching strategies in classrooms (Taylor & Fraser, 1991). The Taylor-Fraser survey consists of five scales: Personal Relevancy scale, Scientific Uncertainty scale, Critical Voice scale, Shared Control scale, and Student Negotiation scale. 

The Personal Relevancy scale is concerned with teachers' perceptions of the relevancy of school science to their students' lives out of school. The Scientific Uncertainty scale is concerned with teachers' viewpoints on the nature of scientific knowledge. The Critical Voice scale measures teachers' assessments of students' perceptions of the extent to which they are able to exercise a critical voice about the quality of their learning activities. The Shared Control scale is concerned with teacher' s perceptions of sharing control of the classroom learning environment with students in relation to the design and management of learning activities, determining and applying assessment criteria, and negotiating social norms in the classroom. The Student Negotiation scale measures the teacher's beliefs concerning student perceptions of the extent to which they interact verbally with other students for the purpose of building their scientific knowledge within classrooms. 

An Attitude scale is not part of the CLES but was added for the purpose of better understanding the responses to the classroom learning environment. The Attitude scale measures teacher's perceptions about students' attitudes toward important aspects of the classroom environment, including students' anticipation of the activities and the degree to which they believe the activities to be worthwhile. The Attitude scale is partially based on items from the Test of Science Related Attitudes (TOSRA) (Fraser, 1981). 

Each scale on the CLES consists of seven Likert-type items, with a scale of five responses ranging from almost always to almost never. The highest score and the lowest score for each scale are 35 and 7, respectively. 

Qualitative and quantitative studies were undertaken to evaluate the validity and the reliability of the CLES (Taylor, Fraser & Fisher, in press). It was confirmed with the qualitative studies that data obtained from each of the scales of the CLES were generally compatible with data obtained from the classroom observations and those from teacher and student interviews. In two large-scale quantitative studies, the internal consistency reliabilities for each CLES scale (Cronbach alpha coefficients) exceeded 0.8, with an exception of the Scientific Uncertainty scale, where the reliabilities were found to be 0.64 and 0.72. Factor analyses with varimax rotation showed that each CLES scale assessed a unique aspect of the classroom environment. Analysis of this data set indicated that the coefficient alphas of the scales ranged from 0.79 to 0.91, with an exception of the Scientific Uncertainty scale, where the reliability was found to be 0.6. 

Preparation and Administration of the CLES

Each item of the CLES was translated into Korean. Three Korean science educators reviewed the translation and verified that it captured the meaning of the English version. The CLES was administered to the participants in the 1995 fall workshop (November through December) and in the 1996 summer workshop (July through August). The pretest was administered the first day of the workshop and the posttest was administered the last day. The retention test was administered three months after the workshop. While the participants responded to the pretest and the retention test based on their teaching experiences of the week, they were asked to respond to the posttest in light of what they expected to teach after returning to the classroom. 

In the fall group, 28 teachers provided the pre- and posttest data, while only 15 provided similar data for the retention test. Thirty-seven teachers in the summer group provided the pretest and posttest data, and 25 teachers responded to the retention test. Two of those 25 responses were not used in this study, because they did not provide responses to either the pre- or posttest. 

Results

Pretest mean scores for the fall group for personal relevance, scientific uncertainty, critical voice, shared control, student negotiation, and attitude ranged from 15.61 to 21.43. Pretest mean scores for the summer group on the same scales ranged from 16.41 to 22.08 (see Tables 1 and 2). These mean scores were lower, compared with those of other subjects studied by Taylor, Dawson and Fraser (1995). The results indicate that teachers did not perceive the importance of making school science meaningful and relevant to students in the out-of-school world. The summer group scored higher than the fall group on all the scales of the pretest. The greqtest difference occurred on the Personal Relevance scale: 2.33 points (22.08-19.75). 

On the posttest, the teachers in the fall group made a significant improvement on their perception of the constructivist learning environment. In all the scales, overall increases of the mean scores were achieved (see Table 1 and Figure 1). The t-test results show that on every scale, posttest scores were significantly higher than pretest scores at the 0.001 level of significance. 

For the summer group, the responses on the CLES after the workshop were improved, even though the differences between pretest and posttest scores were not as large as the score differences for the fall group (see Table 2 and Figure 2). The t-test results showed that the mean scores of posttest scales were significantly higher than the pretest, when the 0.05 level of significance was utilized on all the scales other than on the Personal Relevance scale. 

The retention test mean scores for the fall group ranged from 17.20 to 22.27. While the retention test illustrated improvement for the participants, the gains were not nearly as dramatic as on the posttest (see Table 3 and Figure 1). For the summer group, the retention test mean scores ranged from 18.74 to 25.44. The summer group retained the gains of the posttest 3 months later and achieved higher mean scores than on the posttest on the Personal Relevancy scale and the Attitude scale by 0.87 and 0.92, respectively (see Table 4 and Figure 2). 

Discussion

Since the fall and the summer groups of Korean teachers were not identical or homogeneous, any comparisons concerning their differences or improvements in test scores may not be valid. One major difference between 1995 and 1996 in Korean science education is that the Sixth Korean National Curriculum was launched in 1996. In that curriculum, a new science subject, called KongTongKwaHak (meaning integrated science) was required of all high school students. This course was composed of eight interdisciplinary themes, which were recommended to be taught in a personal and social context. Thus, teaching KongTongKwaHak should have contributed to making science more relevant to students' personal needs. It is inferred that the summer group's prior experiences with this course might lead to higher scores of the pretest and the retention test and more realistic responses (lower level of expectations) on the posttest than was the case for the fall group. 

On the other hand, it was evident from personal communications with the summer group of teachers that they believed that, in spite of their recognition of its effectiveness to make science meaningful to students, the approach recommended in KongTongKwaHak would not fit the reality of Korean education. For example, the national college entrance examination still rules over what and how teachers teach in the senior high schools. Even though this exam has been improving, teachers still feel they must stress science content so students score well on this exam. Teachers seem to put the top priority on covering the whole content in textbooks, rather than on students' sound understanding of a smaller amount of content. Teachers, students, and parents are not accustomed to such learning processes as problem solving, inquiry, and investigations, which require relatively long time periods and much effort to complete and, in the end, provide few clear answers. They usually feel the need to gain information in the short-sighted way, where information is learned for its own sake and not as a means for solving problems. Teachers hold the perception that scientific knowledge is objective and absolute; they teach science as though they are ordained to produce as many scientists as they can (Cho & Ju, 1996). In most classrooms, activities start and end with the teacher. There is a lack of supplementary materials for students' own studying and a lack of connections or cooperation among college, community, and school. These factors seemed to account partially for the participants' relatively low achievements on the CLES and little retention of the content of procedures focused on in the workshops. 

Conclusion and Recommendation

This study indicates that the overseas in-service programs are initially successful in accomplishing the stated goals. Participants, however, did not long retain the ideas considered. The participants of the workshops experienced constructivist teaching and made efforts to include constructivist philosophies in their modules. Throughout the workshops, Korean staff helped the teachers to interpret presentations and led some of the discussion sessions in Korean. Yet, the participant teachers still had difficulties in understanding quite unfamiliar learning tasks in English. Many times the content and strategies of the programs did not fit exactly the reality of Korean classrooms. 

On the other hand, they participated in the workshops to observe and experience science education reform in the U.S. The new approaches in science teaching motivated participants' interest and curiosity. In addition, the university staff strived to help them modify what they experienced in the overseas workshops to be useful for their own classrooms. 

Teachers can establish a constructivist learning environment with guidance, support, and feedback from teacher education institutions. In order to ensure that the reform of science education in Korea can be a reality, the gains obtained during the workshops should be used as a base for further improvement. Continuing efforts should include further interactions among the teachers and with the workshop staff. The Iowa Chautauqua Program could be a model for such follow-up programs (Blunck & Yager, 1996). The program is unique in that it goes beyond one short summer workshop to include follow-up short courses during fall and spring semesters. When teachers return to their schools after the workshop, they attempt to teach the modules for five days. Through the fall and spring workshops and bimonthly meetings in their schools, teachers get feedback and encouragement from peer teachers, lead teachers at each site, and the university staff. Teachers continue to refine their first module and design a second, which is a relatively large module for use in classrooms for at least one month. They try these modules in the spring semester, after collecting much pretest information. A late spring meeting allows teachers to compare their successes and failures, to plan further extensions, and to continue professional exchange. Such feedback and follow-up support contribute to the development of teachers who are willing to foster learning for life. 

At the same time, the restraining conditions mentioned should be improved. Even if the teachers had some understanding of the constructivist teaching and learning concepts, they may not use the strategies consistently in their classes. Taylor, Fraser, and Fisher (in press) recognize the importance of a socio-cultural context for implementing a constructivist approach. They state that the cognitive constructive activity for the individual learner occurs within and is constrained by a socio-cultural context. It is probably wrong to expect the teachers on their own to implement successfully significant reform in science education after a short overseas workshop. Efforts to improve educational conditions, in parallel with more consistent, needs-based, and ongoing instructional programs would help teachers use and interpret the reform ideas, keep their initial interest and ideas alive, and contribute specifically to the reform of science education in Korea. 

We are grateful to Dr. John E. Penick for his valuable comments and critical reading of the manuscript. 

Table 1. Changes in Pre- and Posttest Scores on the CLES (Fall 1995). 

Legend for Chart:

A - Scale

B - Pretest;M

C - Pretest; SD

D - Posttest; M

E - Posttest; SD

F - t value

A                                     B           C            D

                                                  E            F

Personal Relevance                19.75        4.27        26.32

                                               4.71      5.73[b]

Scientific Uncertainty            19.71        3.33        23.82

                                               3.87      6.12[b]

Critical Voice                    21.43        4.42        25.14

                                               4.53      4.40[b]

Shared Control                    15.61        5.04        23.04

                                               6.05      6.97[b]

Student Negotiation               18.21        5.95        25.89

                                               5.50      6.57[b]

Attitude                          19.68        3.70        24.21

                                               4.12      5.47[b]

Note. N = 28. b Paired-sample t test, p 

Table 2. Changes in Pre- and Posttest Scores on the CLES (Summer 1996). 

Legend for Chart:

A - Scale

B - Pretest;M

C - Pretest; SD

D - Posttest; M

E - Posttest; SD

F - t value

A                                     B           C            D

                                                  E            F

Personal Relevance                22.08        4.16        23.54

                                               4.56         1.81

Scientific Uncertainty            20.27        3.12        22.43

                                               3.21      4.24[b]

Critical Voice                    21.54        4.82        23.38

                                               4.28      2.38[b]

Shared Control                    16.41        4.18        19.87

                                               4.85      4.03[b]

Student Negotiation               18.16        5.12        20.92

                                               5.74      2.63[a]

Attitude                          20.43        3.02        21.78

                                               3.42      2.68[a]

Note. N = 37. [a] Paired-sample t test, p 

Table 3. Changes in Pretest and Retention Test Scores on the CLES for Korean Science Teachers Who Responded to Retention Test (Fall 1995). 

Legend for Chart:

A - Scale

B - Pretest;M

C - Pretest; SD

D - Posttest; M

E - Posttest; SD

F - t value

A                                     B           C            D

                                                  E            F

Personal Relevance                20.00        4.14        21.60

                                               4.17         1.16

Scientific Uncertainty            18.47        3.27        19.67

                                               2.69         1.16

Critical Voice                    21.40        4.73        21.40

                                               4.36         0.00

Shared Control                    15.73        6.32        17.20

                                               4.69         0.72

Student Negotiation               18.47        6.50        20.73

                                               4.67         1.17

Attitude                          19.00        3.00        22.27

                                               2.05      3.46[*]

Note. N = 15. * Paired-sample t test, p 

Table 4. Changes in Pretest and Retention Test Scores on the CLES for Korean Science Teachers Who Responded to Retention Test (Summer 1996). 

Legend for Chart:

A - Scale

B - Pretest;M

C - Pretest; SD

D - Posttest; M

E - Posttest; SD

F - t value

A                                     B           C            D

                                                  E            F

Personal Relevance                22.91        4.26        25.44

                                               3.45      2.87[*]

Scientific Uncertainty            19.87        3.12        22.30

                                               3.31      3.14[*]

Critical Voice                    21.26        5.02        22.83

                                               4.73         1.44

Shared Control                    16.43        3.79        18.74

                                               5.36      2.15[*]

Student Negotiation               18.00        4.61        19.70

                                               5.51         1.30

Attitude                          20.48        3.40        23.09

                                               3.00      3.44[*]

Note. N = 23. * Paired-sample t test, p 

GRAPH: Figure 1. Changes in scales of the CLES on pre- and posttest and retention test in the fall of 1995 (N=15). 

GRAPH: Figure 2. Changes in scales of the CLES on pre- and posttest and retention test in the summer of 1996 (N = 23). 
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