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Most agree that teacher-scientist collaboration programs, such as RET, are a positive experience for the teachers involved.  Teachers benefit with renewed enthusiasm for science and science teaching (Frechtling, Sharp, Carey, & Vaden-Kiernan, 1995; Supovitz & Turner, 2000). Teachers who have participated in these programs also report increased comfort with investigative instructional practices (Kielborn & Gilmer, 1999; Supovitz & Turner, 2000).  However, there has been concern as to whether teachers are able to translate these experiences back to their classrooms (ENC, 2001).  One of the biggest drawbacks of summer institutes for teachers, like RET, is that teachers return to their workplace where everything is unchanged and thus revert to previous routines (Grossman, Woolworth, & Wineburg, 2000).  Therefore, the question was asked:  What do teachers take back to the classroom from these experiences?

I became interested in studying this RET program because of my own previous experiences with similar scientific research programs in which I had participated during my career as a high school physics and mathematics teacher.  This study was prompted by my curiosity for what other teachers took from these experiences and how, or if, it changed their classroom practice.  Like Johnson (2002) and others who had participated in these programs, I thought it beneficial to see myself as both a teacher and a scientist.  After my experiences with scientific research, I had felt renewal and an excitement to return to teaching, having again experienced what it was like to be learner of science. 

The UCSB RET Program

The RET program studied was the 2000-2002 RET at the University of California, Santa Barbara (UCSB).  Although, all RET programs have a common goal of providing teachers with an opportunity to engage in authentic science research, individual RET programs have additional unique goals.  One unique aspect of the UCSB program is in its set-up as a full two-year commitment.  During the six-week period in the first summer of the program, the teachers concentrate on the laboratory experience.  Weekly meetings during that summer reinforce the science being learned and model teaching strategies for learning science concepts. After returning to the classroom for the academic school year, the teachers then returned for four weeks in the second summer to work collaboratively to prepare individual curriculum based upon their experiences in the laboratory and any pilot studies they may have run during that previous year. The final component of the UCSB RET was the Workshop for local science teachers where the RET participants shared their experiences with bringing the RET back to their classrooms.  Having completed their time in a research lab, developed curriculum, and tested that curriculum in their own classrooms, they shared their results with others at a conference hosted at UCSB for local science teachers.   

Another goal of the UCSB RET is the building of a learning community.  The learning community began during the first summer with the scheduled weekly meetings. These sessions focused on skills development.  Teacher presentations were structured to allow for science content learning and to model learning strategies.  Throughout the first summer, teachers refined their understandings of a particular area of science content, but also developed a better understanding of who are scientists.  

The participants in the study, as outlined in Table 1 below, include seven secondary science teachers and their research mentors.

Table 1.  RET Study Participants (June 2000 - March 2002)

	Name*
	Gender
	Title
	Years

Teaching
	Research 

Area
	Research 

Mentor

	Molly
	F
	High School

Teacher
	2
	Engineering
	Erica

	Mindy
	F
	Middle School

Teacher
	4
	Biophysics
	Annie

	Tina
	F
	Middle School

Teacher
	2
	Engineering
	Paul

	Robert
	M
	Junior High School

Teacher
	3
	Engineering
	Richard

	Pamela
	F
	Middle School

Teacher
	10
	Geology
	Donna

	Monica
	F
	Junior High School

Teacher
	5
	Biophysics
	Jane

	Teresa
	F
	Middle School 

Teacher
	1
	Engineering
	Mai Li


 * pseudonyms are used for the teacher and scientist participants

My Study

In this study, I attempted to understand what teachers learned in university scientific research communities, and how such experiences helped teachers to present a more realistic view of the processes of science to their own students.  I investigated seven teachers during a two-year RET project in California:  I interviewed teacher and scientist participants, videotaped group meetings, and collected field notes throughout the program.  During the first summer, which focused on scientific research, I interviewed teachers and scientists both before and after their six-week experience.  I also observed the teachers in their laboratories, taking field notes and pictures.  Weekly meetings in which the teachers met to discuss their progress were videotaped.  Interviews with the teachers were again conducted before, during, and after the second summer experience.  Videotaping continued during weekly meetings with the teachers during this second summer, and during conference presentations at the end of the program.  The final component of the investigation was videotaping in the classrooms of the teachers during activities that the teachers identified as relating to what they had learned from their research experience.  This study is informed by recommendations for effective professional development (see Bencze & Hodson, 1999; Frechtling, et al., 1995; Grossman, Wineberg, & Woolworth, 2000; NRC, 1996; Supovitz & Turner, 2000; Wilson & Berne, 1999) and attempts to expand the knowledge-base about how science teachers form communities with scientific research teams and with their teacher colleagues.  To learn about what the teachers learned in terms of the content and processes of science and what they deemed important and adaptable for the secondary science classroom, I posed the following research question:  How did the research experience help teachers to grow as professional individuals?  Specifically, what did teachers bring back to their classrooms from their research experiences?

Findings

The teachers were formally required to develop some form of curriculum to take back to their classrooms as a result of their experiences in the RET program.  However, the teachers also grew professionally in other areas.  These results reflect the many and varied benefits of the RET program; the paper is divided into sections on the curriculum that the teachers took back to their classrooms, the enthusiasm and renewal for teaching that the teachers gained, and their willingness to collaborate with other district teachers, even beyond the two-year RET program.. ReRresults
Curriculum

The second summer of the RET program was dedicated to providing time for teachers to develop curriculum based upon their experiences in the research lab.  Although the teachers worked on individual curricular projects, the intent and the reality was that teachers spent much of their time consulting with one another on ideas and strategies.  From this collaboration emerged the decision by the group to tailor their curriculum and spring conference presentations to a common theme:  An emphasis on the research process was further refined to a theme of "Communicating Science".    Earlier conversations from meetings during the first summer and academic year had set the stage for this theme.  However, it was during the curriculum design summer that the teachers together discussed how each teacher's project might fit it.  

Discussions during the second summer included fresh perspectives on scientific methods.  For example, Mindy spoke about her experience.  In her group, researchers developed their own protocols.  It would be difficult to translate that openness directly to her students because of the skill levels necessary to test variables and the time needed for testing and repetitions (Weekly meeting, 6/27/01).  The teachers shared a view of science as a process, and wanted their students to see more of the “big picture”.  The theme of communication continued to grow as teachers focused on the different ways they had observed scientist collaborations.

"Communicating Science" was agreed upon by all of the teachers in the beginning meetings of the second summer as a way to convey aspects of scientific inquiry to students, and to involve students in behaving as scientists.   Molly further explained the teachers' agreement on this theme for the RET conference. She discussed how she viewed her experience in the research lab as being all about communication.  She expressed her goals for her students to also learn from others in a classroom community.

When I reflected about my experience in the lab, it was just all about communication.  It was all about people communicating.  There are no textbooks out there where people can learn about etching (a particular skill used by Molly in her research lab), so you talk to people, and think….  What you end up doing is developing communication, a community in your class.  [The students] learn science together, as we did in the labs.  (Molly, RET conference, 3-13-02)

Monica continued with an additional rationale for the theme of  "Communicating Science":  "All of [my] students are required to do a presentation.  They are community members.  They have ownership of the concepts and they learn presentation skills" (Monica, RET conference, 3-13-02).

Challenges to Blending Research and Classroom Science

Differences between the norms and practices of research science and those of school science were discussed by the teachers during many of their meetings throughout the two years.  Constraints due to student abilities and motivations and to school context restricted what content the teachers could bring back to their classrooms.  Many of the teachers explained that the actual knowledge of science that they had gained from the RET was beyond most of their students.  After careful reflection and discussions, the teachers decided that what they could best bring back to the classroom were the research processes.  Teresa, for example, expressed her realization that the research process was the most appropriate piece of her experience to share with her students.  "I didn't see an immediate application between the study of monolayers and 8th grade science, but the thing that made a big impression on me was the research, itself" (Teresa, RET conference, 3-13-02).  

Students also posed additional constraints to bringing the norms and practices of research science into the classroom.  Varying abilities and motivations of students for learning science affected what the teachers believed could be successfully taught about science processes in the classroom. Changing the norms of the classroom to encourage students to take more risks in answering questions was a major concern for the teachers. Not all students were comfortable speaking up in class and voicing opinions.  Molly, for example, expressed her frustration in trying to change how students feel about answering questions in class.

I want to try to make it so that they are not looking necessarily for approval [when they respond to a question in class].  I want [the students] to just give their opinion, get their idea out there.  It is hard.  I've been trying to do that forever.  It's hard to make them realize that the right answer is not always the most important thing.  Thinking is.  (Molly, interview, 7-27-00) 

In addition to student interest and science background, the fact that not all students had access to technology was perceived as an additional constraint on the curriculum development process.  Some of the teachers were particularly concerned with equity issues, as they taught at schools where many of the students did not have computers at home.  Tina, for example, voiced her concerns:  "I can't assign my kids to make PowerPoints at home.  Half of the kids don't have computers at home.  So I have to set up time to [use the computer lab at school]" (Tina, interview, 6-25-01).  Technology concerns were also varied throughout the different schools; not all of the teachers had computer access in their classrooms.  Therefore, not all teachers could model presentation techniques seen at science conferences.

School context created a third set of challenges for the teachers.  The structure of the school year, length of class periods, and the need for teachers to prepare their students for their future science courses placed constraints upon what the teachers could bring back to their classrooms.  The textbooks and district and state curricula limited the ability of teachers to make changes in their classrooms.  Monica described these restrictions to creativity in the science classroom where the teachers are told, "Here is the curriculum, here is the content…"(Monica, interview, 6-25-01).  Even the experiments done in most science courses are textbook driven.

In the end, teachers decided that some of these differences between research and school science could be addressed within the confines of school science.  For example, Mindy listed the characteristics of the research model: authentic questions; develop protocols; repetition over long period of time; identify, isolate, test variables; results unpredictable; and data-driven experimentation.  These were contrasted with the characteristics of the classroom model:  pre-determined questions; pre-written protocols; limited repetition and time; pre-identified variables; student manipulated data; and text-driven experimentation (Mindy, RET conference, 3-13-02).  She adapted the research model to her classroom setting for a laboratory investigation on bread mold.  For this investigation, each class decided upon the questions to ask about bread molds, what variables were present to answer those questions, and what data to collect for their analysis.  She hoped to modify more of her classroom laboratory activities in this way, as time allowed.  In addition, she hoped that the students would learn from this example how to better prepare their science fair projects. 

 Strategies for Bringing Scientist Communication into the Classroomtc "A. Margins" \l 2
The teachers ultimately brought back to their classrooms models of the communication of scientists.  Models of formal and informal scientific presentations influenced teachers' classroom presentations and student activities.  Writing assignments for students were modeled after articles written by scientists for technical journals.  Collaborative models were used for both experimental designs and for assessments.  Below, I provide specific examples of what the teachers implemented in their classrooms.

First, as an overview, Mindy developed a specific unit on bread mold to teach.  She hoped to follow a similar strategy for additional units in the future.  Pamela developed a guideline for having students explore and present earth science topics.  Molly, Monica, Robert, and Tina designed more generic strategies for use throughout all of their curricular units.  Teresa's work was directed at her relationship with other teachers in her department, rather than directly changing the curriculum used with her students.  She was attempting to find ways to improve student learning by better understanding what topics students were struggling to understand as shown by district assessments.  

More specifically, collaborative efforts for designing experiments were emphasized by Mindy, Monica, Molly, and Robert. Mindy took this the furthest, having each of her classes come up with their own experimental design for a study on bread molds.  As a class, the students discussed the parameters to be considered for their experiments and decided on what data they would collect and how they would measure the effects of changing a given variable.  Then, they obtained a large data set by combining the results of each small group and analyzing the class set of data together.  Mindy, who had had to develop her own protocols for working with stains during her RET research, wanted her students to model this same aspect of research science.

 Molly also emphasized student collaboration:  She had student laboratory groups give presentations on their findings for a particular science experiment. The students were asked to include in their presentations a diagram of their apparatus and set-up, a graph of their data, a mathematical relationship, and answers to discussion questions.  Monica utilized her expertise and access to video equipment because in addition to teaching science, she taught a video production class.  Her students were thus instructed to work in small groups to present science material via video media.  The criteria for assessing the projects included having correctly described a scientific concept, use of at least three examples, participation by all group members, and use of elements described as "Bill Nye-ish" (Bill Nye is a television personality who does children's science shows).  Two to three weeks were allowed for work on these projects, which were "screened" together on one day, complete with popcorn provided by the teacher.  Robert saw the use of KWL's (What I KNOW, What I WANT to know, and What I LEARNED) as a way to help students to address inquiry (Robert, RET conference, 3-13-02).  He also believed that the KWL worksheets could be used to improve communication during parent conferences (field notes, 12-11-01).

In addition to collaborative learning, each of the teachers modeled scientist communication using other instructional strategies that the teachers deemed a good fit for their teaching styles, resources, and the needs of their students.  Several of the projects involved students being more directly involved with science inquiry, as defined in the National Science Education Standards (National Research Council [NRC], 1996), particularly in terms of having students present their findings.  For example, Molly's students presented their laboratory investigations on small white boards that displayed their data, analysis, and results.  Other teachers, particularly at the junior high school level, used science fair projects as an opportunity to have students participate in presenting findings to their peers.

Another instructional strategy to highlight communication was to have students investigate and present current topics in science.  Pamela, for example, emphasized this strategy.  She described her goals for her Earth Science students in the handout given to local teachers at the spring conference:

Students of Earth Science are guided in asking questions meaningful to the current topics and to themselves.  They independently investigate the answers with resources, including Internet sites, beyond the textbook.  Communication skills are fostered in oral presentations including visuals and nonlinguistic representations. (RET conference, 3-13-02)

Pamela's students were guided in their science investigations to pose questions, research topics, and present findings to their fellow students.  The students could choose to work independently or in small groups.  Suggestions for investigations included finding out about a particular scientist, learning how something works (perhaps, an instrument used in scientific research), descriptions of careers in science, learning about a current event based upon science, doing an enrichment experiment, or creating a "classroom challenge" and outlining the path one might use to attempt an answer.  

Several teachers saw the modeling of scientists' formal presentations as an activity in which their students should participate.   Pamela, for example, expressed that students should learn to present scientific concepts not only for modeling science, but also for developing life skills.  

What I learned with RET was the need for effective communication.  Each week, we met as colleagues to discuss one more layer of our research, and how to communicate it.  For students, you want them to learn to communicate at an early stage…. I wanted to give my students opportunities to communicate effectively in speaking, writing, and using displays.  (Pamela, RET conference, 3-13-02)

Student presentations for one such science investigation were observed and videotaped from one classroom visit.  Student presentations ranged in the amount of science content covered, but all of the students were involved in answering a question of their own determination.  

Other teachers used a more structured model for presentations than Pamela. Mindy, Molly, and Monica required their students to model scientific practices by doing formal class presentations.  Molly and Mindy expanded the modeling of scientists' formal communication by requiring their students to write journal articles, following guidelines similar to what scientists would follow for submitting their research to journals.  Molly reasoned that these articles would "give students the opportunity to publish results of their experiments, enabling the student to solidify their understanding of the concept, practice their technology skills, and become effective communicators through writing" (Molly, RET conference, 3-13-02).  

These assignments were modified to meet the grade-level and abilities of the students.  These journal articles were written, reviewed, and then printed up into mock journals for distribution.  With the help and encouragement of the English teachers, Molly used rubrics to aid students with peer editing.  Mindy, a middle school teacher, gave guided directions for the written laboratory investigation reports.  

Further, laboratory notebooks were used to model forms of scientific communication.  Students were told to keep experiment notes and abstracts in one location.  These notes were to later be organized for use in other forms of presentation.  This format helped students to recall experiments in order to later choose one for a more formal write-up, such as for the journal articles, and/or for class presentations.  Molly, for example, encouraged organized laboratory books because of her use of more open-ended laboratory investigations.  

I give students some equipment, tell a relationship between variables that the students should look for, and have them design the procedures.  It is therefore important for them to keep everything in one place.  They will need to have an organized notebook at the end of the year. (Molly, RET conference, 3-13-02)

The teachers also talked about how they might bring images taken with some of the advanced equipment available in the university research laboratory back to their classrooms.  Some of this advanced technology is used for the photographs that the students might be familiar with seeing in their textbooks.  In addition, there might be instruments in the research laboratory that are so new or so unique that they are not represented in the students' textbooks.  Therefore, the teachers believed that it could be motivating and exciting for both themselves, as teachers, and their students to hear about their teachers working with this advanced technology and perhaps even viewing images taken with the equipment.  For example, Monica talked about doing basic microscopy with her students, and using pictures from an atomic force microscope (AFM) that she could take during her research summer to enhance the lesson for her students.  "I could bring up the topic of [the AFM after the students learned about basic microscopy].  We could talk about what we can see as researchers, now.  [The students] can see cells, but we can see so much more than that" (Monica, interview, 6-14-00).  

The use of technology in formal presentations by scientists formed an impression on Tina, leading to her decision to use PowerPoints as both a model of how scientists present their work and as a way to more effectively engage students in learning science. "[Using PowerPoint in the classroom] will allow me to re-emphasize the [state content] standards that are in the textbook, but in a language more accessible to the kids" (Tina, interview, 6-25-01).  Tina also thought PowerPoints presentations could teach her students to be concise when taking notes.  

One of the other areas that I really want to work on is incorporating more technology into my classroom.  We've gotten a grant and gotten PowerPoint projectors and computers and scanners and digital cameras.  I had a basic understanding of how to use those, but I decided that I don't want to put together blah presentations.  I want to put together really flashy, great, exciting, interactive kinds of presentations.  (Tina, interview, 7-27-00)

Tina felt that PowerPoint presentations were one way to emphasize in her class the clear and concise nature of scientific communication.  "Scientists recognize the goal of being concise.  PowerPoint only allows so much on a slide.  Therefore, it forces students to be more concise" (Tina, RET conference, 3-13-02).  

Upon reflection, the teachers recognized the use of graphs for displaying data as something that both reflected scientists' work and would be useful to model in their classrooms.  For example, when asked how the RET experience might influence her teaching, Monica answered, "I think it forced me to think about how scientists communicate ideas and what good presentation techniques there are.  For instance, how to properly present your data [using graphs], and what is a good experiment" (Monica, interview, 6-25-01).  Pamela also saw graphs as important tools for students to learn about; she too noted that graphs are a technique used by scientists.

I want [my students] to be able to get enough data to be able to construct some sort of display of the data.  I want them to be able to start to make some predictions from what they see and the patterns they get from their data because I think that really is what science is about.  (Pamela, interview, 6-25-01)

The last instructional strategy used in classrooms to model scientific communication was the use of computer discussion boards. These informal means of communication were modeled by Monica, Molly, and Robert.  Monica, for example, created internet community boards as a way for her students to ask questions of her and each other.  Monica originally adopted these discussion boards as a means of keeping in contact with her students during a maternity leave, but found them to be very helpful.  "I found that girls that were quiet in class were the ones using [the discussion boards] the most…so I'm going to continue to use them" (RET conference, 3-13-02).  Molly had her students, working in groups, communicate their experimental data and results to the rest of the class using dry-erase pens on small white boards.  Robert had less expansive plans, but wanted his students to have more collaborative efforts in plotting data on graph paper and discussing their interpretations. Table 2, below, summarizes the range of instructional strategies used by the teachers to translate their RET experiences back to the classroom.

Table 2.  Instructional Strategies to Translate the RET Back to the Classroom
	Modeling Scientific Communication

	· Writing assignments modeled after scientific journals

	· Collaborating on experimental design

	· Poster (or White Board) presentations showing:  findings, drawings, graphs, mathematical relationships, and discussions

	· Video productions

	· Investigating and presenting science topics

	· Using photographs or other artifacts from research science

	· Using PowerPoint presentations

	· Using small white boards

	· Using computer discussion boards


In addition to curriculum, the teachers brought back a renewed enthusiasm for teaching science.  Teachers built a community with their colleagues based on a shared experience of being a learner again, resulting in being more empathetic for their students.  They also experienced growth as teachers due to this renewed enthusiasm for teaching, further discussed below.

Enthusiasm and Renewal for Teaching

The first summer provided many opportunities for the teachers to learn more science content.  The teachers were excited about being in the role of the student, again and related that continued learning and being excited about science helped them with being better teachers. For example, Teresa spoke about refreshing herself as a teacher.  “This kind of a program keeps interest and enthusiasm alive for the teachers, which reflects in their students”  (Teresa, interview, 8-28-00).  Molly further stated the value of the RET experience in providing personal growth:  “ I would like to [participate in a program such as RET again] just for my own personal growth in science” (Molly, interview, 7/27/00). 

 One teacher even considered the RET as a chance to contemplate a change of career.  She had thought about leaving teaching to concentrate on her first passion, science.  The RET offered for her a trial stint in the field of research without having to resign her current position.  However, she found that after the first summer, she was extremely excited about sharing her experiences with her students.  She recognized that while she did indeed enjoy research science, her interests were truly bound to working with students.  Therefore, she found renewal in her enthusiasm for teaching (conversation with Mindy prior to RET conference, 3-13-01).  

Another benefit of the RET program for teachers was remembering what it is like to be challenged by new concepts.  Robert, for example, talked about his initial conversations with his mentor when his mentor frequently used the word “sintering” (the treatment of a powder at a temperature below the melting point of the main constituent, for the purpose of increasing its strength by bonding together of the particles) in his explanations of what his research was trying to accomplish.  Robert, not coming into the program with knowledge of thermal barrier coatings, heard the word and interpreted it as “centering”.  However, with that conception of the word, the conversation was very confusing. This experience expanded his compassion for his students when they were learning new science terms that might be misinterpreted with other words or meanings in everyday language.

When [Richard] was explaining this deposition deal, he mentioned several times how when the thermal barrier coating is deposited onto the substrate, there may be "sintering" problems.  What came to my mind, not having seen how you spell that, was "centering".  You center something.  It didn't quite register.  When I figured out that it [was another meaning], I was thinking, 'Is this a good thing or a bad thing?'  I asked him point blank.  (Robert, weekly meeting, 6-28-00)

Similar conversations were retold by the teachers as they spoke about having renewed compassion for their students as learners as a result of being in that position themselves.  Robert, having reflected upon how he had felt as a learner, was excited to find ways to encourage students as learners in his classroom.  "I want to develop and maintain a community of science learners, beginning in my classroom" (Robert, weekly meeting, 6-27-01).  Several other teachers, such as Molly, reflected on a renewed sense of compassion for her students as learners.  "I didn't want to raise my hand [during the research group meetings].  That's not like me very much.  I got to feel what my students feel" (Molly, interview, 7-27-00).

Willingness to Collaborate with Other District Teachers
In addition to experiencing professional growth that was related directly to students, as instructional strategies and renewed enthusiasm for teaching, teachers experienced growth through collaborations with other teachers in their district.  For example, several teachers experienced professional growth through their collaborations with other district teachers in addition to the development of curriculum that was directed toward students. Two junior high/middle school teachers gave several examples of how they had begun effective collaboration with the high school teacher at the school in which their students would promote.  Tina, a middle school teacher at one of the feeder schools, wanted her students to become more comfortable using PowerPoint and other technology in the classrooms, partially due to wanting them to be prepared for high school.  "I want my students to be prepared to go on to the digital high school knowing what is expected of them" (Tina, weekly meeting, 6-27-01).  (The term digital high school refers to schools in the district that received special funds for providing computers and other technology in the classrooms.)  Monica wanted her students to begin writing in science, in order to be better prepared to enter Molly's high school class where they would be expected to write journal articles for some of their laboratory investigations.  Monica stated, "I think I got a lot out of sharing information with other teachers" (Monica, interview, 7-18-01).  She hoped to continue with these collaborations that had been encouraged by her district, but had never before met with success.

Table 3, below, summarizes the findings of this paper. The teachers were able to translate their experiences into lessons and general instructional strategies for bringing models of scientific communication into their classrooms.  They also experienced professional growth through renewed enthusiasm for teaching and expanded collaborations with local teachers. 

Table 3.  Summary Table for Translating the Experience into   the Classroom: What the Teachers Brought Back

	Curriculum Development
	Challenges for blending research and classroom science
	· Constraints due to student abilities and motivations

· Access to technology

· Issues related to school context

	
	Strategies for bringing scientific communication 

into the classroom
	· Collaborative efforts for student designs of experiments

· Student presentations 

· Science inquiry lessons

· Written communications and science journals

· Use of laboratory notebooks

· Using images and other data taken from technologically advanced instruments/equipment

· Use of technology

	Renewal
	Enthusiasm and renewal for teaching
	· Enthusiasm for learning science content

· Excitement about being in the role of a learner; excitement about how to better teach with knowledge of what it is like to be a learner

· Renewed compassion for students

	Collaboration
	Willingness to collaborate with other district teachers
	· Collaborative efforts for student assessment

· Aiding the transition from junior high to high school

· Increased collaboration within departments and districts




Implications 

The RET teachers in this program met with difficulties in translating the RET back to their classrooms because of some of the differences between their research science experience and the context of their classrooms.  Nonetheless, these teachers were able to overcome these obstacles and adapt some aspects of scientific practice for the classroom.  This makes clear the need for teachers to have ample time for reflection on what they are learning in a research experience and what it might mean to them as teachers, consistent with the findings of Supovitz and Turner (2000) and Wilson and Berne (1999).  Another factor leading to the teachers' successes in overcoming these obstacles was that teachers were in control of curriculum development-- of deciding what to bring to the classroom of the norms and practices of research scientists.  This is consistent with the findings of Keys and Bryan (2001).  The dedication to curriculum design in the second summer allowed for teachers to spend time collaborating on effective ways to implement their ideas for bringing to their classrooms models of "communicating science".

Specific Implications for RET Program Directors

The cutting-edge research in which the RET teachers were involved allowed for them to learn at levels appropriate for adult learners with science backgrounds.  The teachers recognized that much of what they learned was beyond the scope of what they teach.  However, teacher growth occurred as a result of being challenged in the position of being a learner.  Therefore, the first implication for RET program directors is the need to be well aware of treating teachers as adult learners.  Many of the scientist mentors believed that the teachers should be treated like undergraduate interns.  In fact, some believed that the teachers' levels of subject matter knowledge might be below that of the undergraduates who were gaining experience prior to entering graduate schools in science.  However, due to the teachers' levels of maturity, in addition to the fact that many had undergraduate and even graduate experience in science, the teachers were often able to perform at higher levels than the undergraduate interns and handle more complex tasks. 

The second implication involves the design of the RET program itself.  The two-year format of the RET program studied had many advantages for optimizing the relationships between teachers and mentor scientists.  The teachers were able to concentrate during the first summer on what it means to be a researcher, without the burden of having to simultaneously decide how to bring it back to the classroom.  The teachers then returned to the classroom and had opportunities to think of their research in the context of their school sites, and perhaps even do a pilot study before returning to the university for the second summer.  At that time, the teachers were able to focus only on the development of curriculum, without having to be concerned with learning new science concepts or techniques in order to be productive members of a research team.  The fact that the teachers chose to not include the mentor scientists in this second summer, reflected their view that these were two separate parts of the RET experience.

Based upon what worked for the RET program studied, directors of RET programs should consider allowing teacher participants to first have separately designated times for being a researcher and for collaborating with other teachers on what the experience means for their classroom teaching.  Ample time for reflection and sharing their experiences is necessary for the teachers to build the community needed for effective professional development, as noted by Wilson and Berne (1999).  The research projects themselves need to allow teachers to experience the culture of research science, including some input into the experimental design, data collection, analysis, and presenting of findings.  The projects should be of interest to the teachers and expand their content knowledge.  It is not necessary for that knowledge base to be directly appropriate for use in their classrooms, however.  It is at least as important for teachers to experience the passions of learning science as it is for the teachers to be able to bring back to their classrooms specific information about current research in a given field.
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