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In designing teacher enhancement resources for inquiry-based science instruction, we face the inherent challenge of accomplishing multiple interrelated objectives. We identified the following three objectives as critical to the successful transfer of inquiry-based instruction into the classroom setting; 1) science content enhancement related to the topic of inquiry, 2) extensive modeling of inquiry, and 3) practice in presenting inquiry with students. We blended these objectives in a two-week teacher enhancement setting. During the first week, science content was presented to teachers in the context of active learning and inquiry investigations. For the second week, teachers devised and implemented a fifteen-hour inquiry unit with middle school age students based on the content presented during the first week of the workshop. Pre- and post-surveys of teacher content knowledge and surveys of teacher and student attitudes were collected during the workshop. Teacher content knowledge uniformly improved across three different workshops in water chemistry, microbiology and electricity and magnetism. Many teachers identified the experience of working with students as the most valuable element of the workshop.

Introduction

As the volume of research has grown in response to recent calls for reform in science education, constructivist inquiry-based approaches to classroom instruction and student learning continue to receive strong support. [1] While the importance of these instructional methods led to their inclusion as a central theme of the National Science Education Standards, significant barriers to wide-scale acceptance and implementation of inquiry methods still exist in classrooms across the country. [2] The “theory to practice” problem is not a new one; a wide gap often exists between educational theory about best teaching practices and the practical application of these methods in school classrooms. [3] And, as in many instances of change and reform, a great deal of the responsibility is placed on individual teachers to alter their methods to accommodate new standards or ideas.  While this can place even veteran teachers under enormous stress, it is especially difficult for early-career teachers who are in the most formative period of their professional careers.  It is no secret that when new teachers are placed in the classroom with little guidance and/or support, their attrition rate is unacceptably high. [4] If inquiry is to remain a primary component of science education reform, measures must be taken to provide a support structure that will help novice teachers become proficient in inquiry instruction. [5]

In response to these concerns, the Kansas Collaborative for Excellence in Teacher Preparation (KCETP), an NSF funded consortium of universities, community colleges, and school districts dedicated to improving science and math education, established a series of summer teacher enhancement workshops at the University of Kansas.  Based on models of university-school partnerships, the workshops were designed to provide early career teachers at all levels with extensive exposure to inquiry techniques and university-level science content.  We believed that by 1) presenting teachers with university-level science content in the context of inquiry-based laboratory experiences, 2) providing teachers with opportunities to practice instruction with students in informal environments and 3) establishing cohorts of teachers with similar instructional challenges, obstacles to implementing inquiry in the classroom could be addressed and overcome. [6]

Description of Workshops


The workshop series took place in June of 2001 on the campus of the University of Kansas in Lawrence and addressed three primary topics: electricity and communications, water ecology, and microbiology.  Each of the workshops was a two-week program designed to provide participating teachers one week of intensive content instruction and inquiry modeling, followed by one week of practice teaching in summer youth programs sponsored by the KU Natural History Museum.  Enrollment was open to teachers in all science content areas and levels. Each workshop was composed of elementary, middle, and secondary-level teachers.  Most of the participants were early career teachers in their first years of teaching, although a few master teachers were invited to act as mentors for the novices. The workshops were designed and led by science education staff, science faculty, and graduate students from the University of Kansas School of Education. Each workshop covered a topic in university-level science or technology content. Workshops during summer 2000 included 

· Electricity and communications – This workshop covered basic principles of electronics and communications technologies including fiber optic communications.

· Water ecology – This workshop presented a combination of biological and chemical indicators for assessing the quality of surface water, while concentrating of fundamental aspects of water chemistry.

· Microbiology - This workshop provided an extensive knowledge of bacteria, immunology, and fundamental laboratory techniques in the context of activities that can be modified for use in K-12 classrooms.

Each workshop presented teachers with modeling of active learning strategies, experiments structured as guided inquiries and projects designed as adaptable open-ended inquiries. The objectives of the first week of the workshop are to present teachers with hands-on opportunities to learn scientific content and to assess teacher progress in learning new content. The focus of the second week is for teachers to plan and implement these and related inquiry-based projects with groups of early adolescent students. The KU Natural History Museum and Biodiversity Research Center assisted with the recruiting and registration of students for this program. The Museum made a particular effort to recruit students from underrepresented groups and low socioeconomic backgrounds as participants. The student to teacher ratio was approximately 2:1, though teams of two or three teachers concentrated on presenting components of the lessons. Other teacher enhancement programs have situated participating teachers in informal learning environments. [7] We believe that the novel characteristic of this program was engaging the teachers in practicing and assessing the effectiveness of inquiry-based activities that were directly transferable to the classroom.

Analysis

This design for teacher enhancement can addresses the content interests, pedagogical challenges, and practical needs of science teachers.  The primary aims of the workshops were to model and facilitate the use of inquiry in the classroom, integrate current content knowledge into teachers’ existing instructional repertoire, and provide a supportive environment for early career teachers.  While developing working partnerships among teams of teachers and professional developers is a valuable outcome of the workshop, the partnership becomes truly effective as the participants identify problem areas in instructional practice and establish goals and a strategy to address these problems [8]. We believe that this series of workshops brought teams of teachers to the point of confronting these issues. Consequently, we believe that this format provides a good model for future teacher enhancement opportunities.

As previously stated, each of the workshops was designed to provide one week of intensive content instruction and pedagogical modeling, which would then be utilized to construct a week-long program for elementary and middle-level students enrolled in summer programs through the KU Museum of Natural History.  The workshop participants took the lead role in designing the activities for the second week based on their experiences working with one another and workshop leaders during the first week.  This arrangement allowed participants to immediately practice new content and inquiry-based instruction in a learning environment that was relatively informal and relaxed.  In this context, participants noted that they felt more comfortable experimenting with new instructional approaches and unfamiliar content.  All too often participants in teacher enhancement programs are afforded little or no opportunity to practice newly introduced ideas in a learning environment other than their classrooms. [9] This leads to anxiety about implementing new instructional strategies or unfamiliar content and often operates as a barrier to successful reform. [10] By providing a practice opportunity supervised by experienced workshop facilitators, we were able to create a less stressful environment that was more conducive to risk-taking and growth.  During the first week, participants and facilitators worked in a collaborative environment to target both inquiry pedagogy and content issues.  The team of facilitators for each workshop was formed with both of these issues in mind. Based on the belief that scientists have an obligation to assist in teacher enhancement [11] the facilitator teams were composed of science faculty, science educators, and graduate students.  The underlying concept of guiding the structure and substance of the workshops using inquiry-based curricula involved both characteristics of an inquiry classroom and defining the various roles of the teacher. Facilitators assume the roles of motivator, diagnostician, guide, innovator, experimenter, researcher, modeler, mentor, collaborator, and learner in an inquiry classroom characterized by [12]:

· Situating instruction in authentic problems,
· Grappling with data, 
· Collaboration among students and teachers,
· Connection with society,
·  Teacher modeling behaviors of a scientist, and
· Development of student ownership in the project. 
By utilizing the expertise of content specialists, the workshops provided lessons and activities that were based on current, up-to-date ideas and theories that guide research and practice in the various scientific disciplines.  An often-identified problem in science education is that it takes some time for current scientific knowledge and practice to reach the schools, resulting in student exposure to content that is often outdated.  Providing the participants with exposure to contemporary scientific ideas facilitates the image of the teacher as a life-long learner and helps insure that content taught in schools is consistent with current scientific thought.

Another barrier to moving inquiry pedagogy from theory to practice is the general level of discomfort many educators experience with this form of instruction.   We believe that a key element in assisting practicing teachers to adopt inquiry teaching is extensive modeling of the strategy.  A key strategy in the first week of our workshops was to present all science content through inquiry lessons and activities based on the participant’s current scientific knowledge. Examples were also drawn from curriculum units that participants can use in the classroom.  The new activities were presented to participants as they would be presented in the classroom, with ongoing discussions about pedagogy throughout the activity.  Participants were introduced to a tools designed to help them analyze and evaluate inquiry pedagogy. The teachers also participated in informal discussions to explore how this instructional approach related to their own visions of good science teaching. It is our belief that any attempt to change practice must rely heavily on modeling instructional practice so that teachers can see new approaches in action.  

An indirect benefit of the workshops was a very positive interaction of early career teachers with master teachers in a collaborative environment.  The master teachers offered valuable insight into many aspects of implementing inquiry, and provided concrete, real-world advice much appreciated by their less experience colleagues.  This engenders mutual respect and reinforces the significance of teaching through exemplary instructors who share experiences with peers [13]. This benefit was not limited to the participants alone; a number of the workshop facilitators where preservice teachers in the graduate certification program in the KU School of Education.  Students in this academic program hold bachelor’s degrees in the sciences and work towards certification and master’s degrees in education.  With both current content-area and education expertise, these students were a valuable element of the effort to create a collaborative learning community during the workshops. 

Changes in teacher content knowledge were assessed through pre- and post-workshop surveys, and teacher attitudes toward the workshops were assessed through post-workshop questionnaires. The content assessments were designed to examine teacher understanding of scientific concepts emphasized during the workshop. Average teacher performance on post content surveys improved between twelve and twenty percent. Participants identified modeling of inquiry projects with the students as an extremely useful experience.

There are a number of aspects of the workshops that warrant consideration in the future.  First, we provided instructional activities to a diverse group of participants from a variety of content levels.  Our participants included elementary, middle, and secondary teachers, which required that we present age-appropriate projects drawn from curricula relevant to all participants. Since it is very important for all of the participants to come away from the workshops with knowledge and tools that transferred with little modification to their classrooms, we plan to focus future workshops for teachers of students with a common developmental level.  Another issue that arose during evaluation is the age of the students in the Natural History Museum classes.  Some secondary teachers felt this experience was of limited value because the students in the Museum program where primarily at the early adolescent developmental level.    It would be more useful if participants in the workshops could practice implementing inquiry during the second week with students who reflect their actual target population.

Conclusion


There is little question that continued focus on scientific literacy in our students would create an environment in which science education reform will continue.  Inquiry approaches to science teaching and learning have been developed as ways to address, in the classroom, both conceptual knowledge and a deep understanding of the process of science.  As such strategies become more commonplace in teachers’ instructional repertoires, it could be argued that the days of rote memorization of concepts and vocabulary are drawing to a close.


The question then becomes, “how do we best assist teachers in implementing inquiry approaches in their classrooms?”  While many teachers already utilize, at least in part, inquiry or inquiry-like instruction, widespread use of inquiry is still a long way off.  Teacher enhancement opportunities will remain an integral component of the support mechanism in place to assist teachers in understanding and utilizing inquiry approaches to science teaching.  


We believe that this model of teacher enhancement illustrates essential components that must be in place for teachers to successfully adopt inquiry as a significant part of their philosophy of instruction. While not falling victim to the “fallacy of the quick fix”[14], we believe the long-term benefits of such partnerships are immense.   Participants in our workshops not only observed examples of inquiry instruction through modeling, they were given the opportunity to immediately apply their new skills in an informal, low-stakes environment.  Throughout the two-week period, a primary goal was to foster a learning community by drawing on the strengths of workshop facilitators, both educators and scientists, and those of the participants.
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