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Introduction

The Peabody Museum of Natural History’s Biodiversity and Vector-Borne Disease program was supported by an NIH SEPA grant.  The five-year program focused on increasing understanding of biodiversity and vector-borne diseases through an Event-Based Science middle and high school curriculum unit and through public programs.  The program began in 2005.

During 2005-6, the first year of funding, program work focused on preparing a summer institute for teachers to guide the development of a curriculum unit focused on biodiversity and vector-borne diseases.  In the summer of 2006, teachers attended a summer institute that introduced them to the content of the curriculum and the Event-Based Science (EBS) Framework.  During and after the institute, teachers worked with Peabody staff to being the work of designing a curriculum unit.  Teachers taught the unit in their classes and made recommendations for revisions.  

Additional cohorts of teachers (“field test teachers”) participated in a shorter, 1-week institute during the succeeding summers of 2007, 2008, and 2009.  These teachers were introduced to vector-borne diseases and to the curriculum unit during this institute.  They taught the unit in their classes during the school year, and made suggestions and recommendations for changes and revisions.  

To further disseminate the developed curriculum unit, a “Train the Trainers” session was held in the summer of 2008.  During this session, trainers from California, Texas, and Wisconsin learned how to teach the unit and prepared to introduce the unit to additional teachers in their home states.

In addition to curriculum development and dissemination for students and teachers, a program was offered at The Peabody Museum of Natural History for the general public.  In 2008 and 2009, a Biodiversity Day was held at the Peabody Museum.  At this event, visitors participated in a variety of activities designed to help them better understand biodiversity and vector-borne diseases.

The Curriculum

Five lessons and a culminating task were developed as part of the Vector-Borne Disease curriculum.  The lesson materials include the lesson plans, a booklet for the students, tips and pedagogical strategies for the teachers, supplemental texts and data (“Discovery Files”), and rubrics and information for the task.  The module requires students to take the roles of scientists who are involved in some aspect of identifying, managing, or treating a vector-borne disease. In Lesson 1: “Operation Vector Find” teachers created an activity about the immune system.   Students develop an understanding of the habitats and life cycles of the tick and the mosquito, and map areas of a local park where patrons and staff may be most at risk for bites of either species. In Lesson 2: “Skeeter Farm” students raised mosquitoes to determine how different temperatures and a variety of non-toxic control methods impact mosquito populations. They begin to understand the complexity of safely controlling mosquito populations by acting as entomologists and rearing a colony of mosquito larvae—these are then treated with a variety of common pollutants and a bacterial larvicide.  Lesson 3: “Traveling Viruses” has two sections: the first demonstrates person-to-person transmission of a common rhinovirus and the second illustrates vector-borne transmission of West Nile virus from birds to mosquitoes to humans.  Students work as epidemiologists to monitor a new vector-borne virus in a group of students. In Lesson 4: “Mix-up with OSP”, students take the role of microbiologists and simulate testing for detection of specific proteins on Lyme disease-causing spirochetes in order to develop a diagnostic blood test.  In Lesson 5: “Spicy Inhibitors” the antibiotic lab, students learn about antibiotic discovery by investigating antibacterial properties of commonly used spices that inhibit non-pathogenic E. coli.  

Associated information gathered and written to accompany the unit (“Discovery Files”) discusses topics ranging from the biology of infectious and zoonotic diseases to human clinical trials of vaccines and pharmaceutical products. Finally, students apply the information from all the lessons to a specific problem:  design a recreational area that would minimize visitors’ exposure to ticks and mosquitoes while enabling a variety of common outdoor recreational opportunities.  Groups completed a “site permit” for a plot of land detailing and explaining their plans and multiple strategies for limiting the spread of vector-borne diseases.
Program Goals

The goals of the Biodiversity and Vector-Borne Disease program were:

1.  To build teacher capacity for bringing research in biodiversity and disease ecology to grades 5-11 in an engaging, inquiry-based style.

2. To develop innovative, standards-based science curriculum resources that use Museum collections to investigate biodiversity and vector-borne disease ecology.

3. To increase student understanding and practical application of science process skills in the context of investigating biodiversity and disease ecology through the use of curriculum resources and Museum specimens, and through visits to biomedical research laboratories.

4. To release novel teacher-designed curriculum resources through selected dissemination sites in California, Texas, and Wisconsin.

5. To increase public understanding of the nature of biomedical sciences and scientific research in the context of two case examples, Lyme disease and West Nile virus.

Evaluations conducted by external evaluator Minda Borun indicate that the program was extremely successful at meeting all of these goals.  Program staff were responsive to the findings of formative assessments, and made adjustments each year to meet the concerns of program participants. 

The following is a summary of the evaluation studies, followed by a discussion of the outcomes of the program in terms of its goals.

Year 1: 2005-2006

The first year of the Vector-Borne Disease program was a planning year during which the outlines of the first summer institute for the curriculum development teachers was prepared.

Year 2: 2006-2007

Program description

During the second year of the program, the Yale Peabody Museum of Natural History conducted a two-week summer institute for the seven teachers participating in the Peabody Fellows Biodiversity and Vector-Borne Disease Program.  The goals of this summer institute were to introduce teachers to essential concepts of vector-borne diseases, and to give them the opportunity to begin to develop a vector-borne disease curriculum unit using the Event-Based Science (EBS) curriculum framework.  During the 2006-2007 school year following the summer institute, teachers participated in five follow-up curriculum development sessions, to help facilitate the development process.  At these sessions, five lessons and a culminating project (“the Task”) were developed. Teachers conducted the lessons during the 2006-2007 school year.  Pre- and post-test questions to gauge student learning were developed by the Peabody staff and the project evaluator.  Teachers administered the pre-test and post-test to their students and entered the data into an online tracking system.   

Evaluation

The program was evaluated at three points during year 2 (2006-2007), focusing on the summer institute, the curriculum unit itself, and follow-up sessions for curriculum and test development.

	Program component
	Evaluation

	Summer Institute
	· Pre/Post test of teachers’ knowledge about vector-borne diseases and attitudes towards and feelings about teaching science (Post-test conducted in 2007, after follow-up curriculum sessions and teacher implementation of curriculum unit)

· Focus group about teachers’ attitudes, expectations, concerns, and suggestions for the curriculum and summer institute

· Daily feedback forms during the summer institute

· Focus group about teachers’ experiences with and feedback for the summer institute

· Survey about overall experience of and feedback for the summer institute

	Curriculum Unit
	· Observations of 26 classroom lessons

· Post-class discussions of 3 lessons, conducted with students

· Students’ pre and post-test comparison

	Overall program
	· Focus groups about teachers’ attitudes, expectations, concerns, and suggestions


Front-end evaluation 

Prior to the first summer institute, a front-end evaluation was conducted involving the nine teachers selected to serve on the Peabody’s curriculum development team.  This front-end evaluation involved a test of teachers’ knowledge about biodiversity and vector-borne diseases and a survey of their attitudes and feelings about teaching science.  A one-hour focus group was also conducted with these teachers prior to the summer institute to further elicit teachers’ attitudes, expectations, concerns, and suggestions for the curriculum and the summer institute.  

The survey and focus group showed that teachers were enthusiastic about the topic of biodiversity and vector-borne diseases, and that they were looking forward to the opportunity to work with others to enhance school curricula.  The participants expressed excitement about developing a new curriculum and forging new connections with colleagues. They indicated that they believed that the curriculum and instruction would motivate students to learn about science, and would help students make connections between the science learned in school and local issues. All of the teachers felt somewhat to very confident about their abilities to develop and teach and help students understand science.  However, one quarter of the teachers lacked confidence in their science knowledge base for teaching in general.

Teachers expressed a range of concerns about developing the unit, including dealing with potential differences in their levels of motivation, knowledge, and collaboration within the context of the curriculum development process, developing a common understanding of the goals and expected outcomes of the curriculum, and connecting the curriculum to state standards.  They also expressed concerns about implementing the curriculum, including scheduling time to teach the unit and getting necessary money for supplies. Peabody program developers addressed these concerns and took them into consideration in the design and implementation of the rest of the program.  

A pre-test given to the first cohort of teachers assessed summer institute participants’ baseline knowledge of vector-borne diseases.  Over three-quarters of the participants understood how West Nile Virus and Lyme disease can be contracted by humans, ways to curb the spread of West Nile Virus and Lyme disease, what a disease vector is, how mosquitoes and ticks locate prey, and types of bacteria. Two-thirds of the participants knew that West Nile Virus has recently been introduced in the United States. Participants knew that the GI system, the skin, and white blood cells were aspects of the body’s defense against pathogens.  However, only half or fewer participants were able to identify specific disease vectors for Lyme disease and West Nile, define or identify disease reservoirs for either disease, identify the life cycle and sexual dimorphism of ticks or mosquitoes, or identify that the Lyme vaccine response takes place in the host organism.  This information informed Peabody staff about necessary further instruction for the teachers.

Evaluation of the Summer Institute

The seven teachers who participated in the summer institute also completed daily feedback forms, a final survey, and a focus group at the end of the summer institute.  The survey and focus group discussion elicited teachers’ knowledge about vector-borne diseases, their attitudes and feelings about teaching science, and their feedback and reactions to the summer institute.

Summer Institute Strengths

Teachers expressed extremely positive attitudes about their summer institute experience.  They genuinely seemed to appreciate both the curriculum and scientific sessions involved in the summer institute.  In particular, many teachers found the Event-Based Science sessions to be interesting and useful, appreciated the introduction of instructional activities by colleagues and presenters that could be adopted in their own classrooms, and enjoyed the opportunity to connect with scientists, researchers, and other teachers.  They felt that the organization and focus of the summer institute was strong.  On the final day of the summer institute, teachers expressed enthusiasm for teaching the fully developed unit to their students in the coming year.


Areas for Improvement

Post-session discussions revealed some feelings of frustration from some of the participants.  These frustrations were related to the duration of the discussions as well as personality clashes between some of the participants.  Some participants expressed a desire for shorter days or earlier release times.  Participants occasionally requested more structure and for session time limits to be implemented in order to maintain a brisker pace. 

In terms of moving forward with the development and implementation of the unit, teachers indicated that they would appreciate continued staff support and communication during the school year. They reiterated their initial concerns about scheduling and funding for material resources, but concerns about matching the curriculum to state standards were not mentioned.  

Summary

Overall, teachers were extremely pleased with their experiences at the summer institute and were looking forward to continuing to develop the unit and to implementing the unit in their classes.

Follow-up curriculum development sessions

At the end of the third session, a focus-group discussion was led by the external evaluator in order to obtain teacher feedback about the curriculum development process and progress, and teachers’ feelings and concerns about implementing the curriculum unit.

Strengths

The six teachers present indicated that they generally felt comfortable with the curriculum development process.  Teachers had developed a strong camaraderie through the summer institute and the subsequent follow-up sessions and were eager to try out the lessons together as a group prior to teaching them in their classrooms.  They 
Areas for Improvement

Some teachers felt as though the Peabody staff was doing too much of the work and changing the curriculum without sufficient teacher input. Teachers also relayed students’ frustration with pre-tests, explaining that students were over-tested and feel that the pre-tests show their lack of knowledge.  Several teachers suggested strategies to encourage students to take the pre-tests seriously, including emphasizing the importance of their participation and giving rewards for completing the pre-tests.

Lesson Observations

Between October 12, 2006 and December 6, 2007 teachers conducted the Vector-Borne Disease units with their classes.  Twenty-six of these lessons, including 13 middle-school classes and 13 high-school classes, were observed.  The goal of these observations was to determine areas of support that teachers and students might require. Discussions were held after three of the high school classes to garner student feedback about specific lessons.

Two high school classes engaged in post-class discussions after the OSP lab.  Of the forty students who participated, 65% said that they either loved or liked the lesson. Students appreciated the opportunity to make choices about what to test, and liked being able to see the connections of the lab to everyday life and current issues. 

One high school class engaged in a post-class discussion after the mosquito lab.  Slightly more than half of the students loved or liked the lesson, while the rest of the students indicated that it was “OK”.  Students enjoyed learning about the mosquito life cycle, and liked watching a video in which some of their fellow students starred.  One student indicated that it was difficult to see through the microscope, indicating that they might benefit from additional instruction on microscope usage.


Strengths

Teaching and preparation seemed to improve the more teachers taught their curriculum units.  In all of the lessons, teachers encouraged active participation by students.  Some students appreciated the real-world applications of some of the labs, particularly the mosquito lab.  One teacher used active scaffolding strategies that seemed to help students understand complex readings.


Areas for Improvement

In several of the classes, teachers provided or did not correct incorrect ideas.  Several of the teachers seemed confused about the objectives of the lessons, particularly during the Mapping Lab, the OSP Lab, and during Task presentations.  Students’ incorrect ideas were apparent during their Task presentations, although these ideas were rarely corrected by the teachers.  Two of the observed teachers did not follow the Teacher’s Guide or the lesson plan for lessons.  Finally, teachers seemed to need more explicit descriptions, examples, and explanations of the objectives and expected outcomes of the Task in order to improve their presentations and students’ work on this project.  The task was redesigned, simplified, and clarified to address the observed problems.

Students Pre- and Post-Test Comparison

The teachers involved in developing the curriculum unit tested some or all of the lessons in their classes during the 2006-2007 school year.  Students were given a pre-test prior to the unit and a post test at the conclusion of the unit.  Since some teachers did not teach all of the lessons included in the unit, student learning gains were only calculated for the questions relevant to the lessons they had experienced.  Overall, 209 students in 15 classes were assessed.  Ten of the fifteen classes experienced small but significant gains from the pre- to the post-test.  Student scores increased significantly for only 8 of the 20 questions on the test, suggesting that both the test questions and portions of the curriculum should be revised.

Teachers’ Pre- and Post-Test and Attitude Survey Comparison

At the end of Year 2, the seven teachers who participated in curriculum development took a post-test to determine knowledge gains and attitude change as a result of their work with the Peabody Museum.

Strengths

Teachers had the highest levels of improvement in their knowledge of the tick life cycle and their understanding of the differences between Lyme disease and West Nile Virus.  Teachers also improved in their understanding of how mosquitoes and ticks encounter their blood meals, and in their understanding of disease vectors.  Teachers had a 27% increase in confidence in their ability to design a science curriculum, and in their ability to seek resources, information, and help for science teaching.

Areas for Improvement

Teachers did not show improved understanding about sexual dimorphism in ticks and mosquitoes and had low levels of improvement in their understanding of the history of West Nile in the United States. These were areas to be stressed in future summer institutes.

Year 3: 2007-2008 

Program Description

The program year for the second cohort of teachers in the Peabody Fellows Biodiversity and Vector-Borne Disease program involved a five-day summer institute for twenty-two middle and high school science teachers.  The program endeavored to prepare the teachers to teach the curriculum unit developed by the curriculum development cohort the previous year. Teachers piloted the curriculum in their classrooms during the 2007-2008 school year, and provided feedback to the developers.  Eight teachers taught the unit during the winter semester and eight teachers taught the unit during the spring semester.  A Biodiversity Day, which focused on educating the public about vector-borne diseases, was held at the Peabody Museum on April 17, 2008.

Evaluation

The summer institute, curriculum unit, and Biodiversity Day were evaluated during year 3 (2007-2008). 

	Program component
	Evaluation

	Summer Institute
	· Pre/Post tests of teachers’ knowledge about vector-borne diseases and attitudes towards teaching science 

· Daily evaluations during the summer institute

· Survey about overall experience of and feedback for the summer institute 

· Focus group at the end of the summer institute

	Curriculum Unit
	· Focus-group discussions held in Winter 2007 (10 teachers) and Spring 2008 (8 teachers)

· Teacher feedback about individual lessons after classroom observation of lessons Teacher feedback on curriculum materials

· Additional post-tests on vector-borne diseases and attitudes towards teaching science conducted in Winter 2007 (Winter cohort) and Spring 2008 (spring cohort), after teachers tested the curriculum in their classes

· Students’ pre and post-test comparison, conducted in Winter 2007 (Winter cohort) and Spring 2008 (Spring cohort)

	Biodiversity Day
	· Exit surveys of Biodiversity Day visitors.


Evaluation of the Summer Institute

The second summer institute focused on helping the 22 participating teachers to develop an understanding of the fundamentals of vector-borne diseases, and on introducing teachers to the curriculum.  Teachers completed a feedback form at the end of each day, completed a questionnaire about their experiences and feelings at the end of the summer institute, and participated in either a middle school or a high school teacher’s focus group closing discussion during the final day of the summer institute..  In general, teachers satisfaction with the institute increased as time went on.  In addition, teachers completed a pre-test prior to the summer institute, a post-test at the culmination of the summer institute, and a final test after teaching the unit to their students, in either winter 2007 or spring 2008.  

Strengths

Some of the teachers really appreciated the opportunity to hear about Event Based Science in practice. Many of them valued the sessions led by scientists and researchers to provide a foundation for understanding vector-borne diseases.  Teachers also appreciated the opportunity to try out classroom activities, labs, and field trips, and to collect ideas of how to teach the unit in their own classes.  Teachers enjoyed meeting and working with other teachers, and many appreciated the summer institute developers’ commitment to getting teacher input and feedback about the unit.

In terms of content knowledge, teachers’ test scores increased significantly over the course of the summer institute, from 79% before the summer institute to 92% after the summer institute (p=0.001).  Their knowledge improved most significantly in the areas of: identifying disease reservoirs, vectors, and infectious agents; human impacts on the spread of Lyme disease; the life cycle of the tick; and how ticks and mosquitoes find their blood meals.  There were no overall significant differences between teachers’ scores on the post-test given after the summer institute and the final tests taken after teaching the unit to their classes, both in the winter and in the spring.  Consequently, in subsequent years, the post-test was given only after the unit was taught. 
Teachers’ confidence in their ability to teach about biodiversity and vector-borne diseases improved from 55% before the summer institute, to 85% after the summer institute.  Teachers feeling pretty or very confident to discuss the nature and processes of human clinical trials increased from 60% to 80% over the course of the summer institute, and teachers’ confidence in providing students with practice in problem solving and critical thinking skills in science improved by 20% over the course of the summer institute.


Areas for Improvement 

Many teachers expressed concerns with practical aspects of incorporating the unit into their classroom schedule.  In particular, teachers requested additional information about how to relate vector-borne diseases to the 7th/8th grade curriculum, how to make accommodations for ELL [English Language Learners], and whether it should be taught in one unit, or spread out.   Many of the teachers felt that the first-day session in the summer institute on Event-Based Science teaching was too general, covered information that they already knew. Teachers would have preferred more concrete examples of the method connected to the Vector-Borne Disease curriculum unit. Teachers preferred the sessions that had clear objectives and requested more advance organization for the workshop (i.e. agenda and materials for the entire week presented up-front). Due to differences in ability and knowledge levels, some teachers found some of the presenters to be too complex and disorganized, while others expressed appreciation for the scientists’ presentations. Many teachers requested that the summer institute focus on the activities in the lessons comprising the curriculum unit rather than more abstract science and theory. 

Some teachers had trouble understanding how the unit fit together as a cohesive whole and suggested that the lessons be  presented in a unified form, such as a binder or a CD.  Teachers also suggested splitting into high school and middle school groups in order to improve communication and enable participants to focus more clearly.  

Some teachers, particularly middle school teachers, expressed concern about how the unit would fit into the state standards and how it would help their students prepare for the state tests.  These teachers were concerned about having to teach all of the lessons as a unit to their students, and asked to be permitted to teach the lessons at different points throughout the school year in order to better fit them into their existing schedule..  Tenth-grade teachers expressed concerns about fitting both this unit and new testing requirements into the school year.

Many of the teachers entered the summer institute with a fairly strong knowledge of the concepts tested on the pre- and post-summer institute test, and improvements were seen on some of the topics tested.  However, no improvement was observed in teachers’ knowledge about where the Lyme vaccine-induced immune response takes place, as only 60% of teachers answered this question correctly before and after the summer institute.

Evaluation of the curriculum unit

Teacher responses to the unit

Participants in the 2007-2008 summer institute taught the Vector-Borne Disease lessons in either fall of 2007 or spring of 2008.    For the teachers who taught the unit in the fall, a focus group was held in December 2007.  For the teachers who taught the unit in the spring, a focus group was held in June 2008.  The discussion during these focus groups elicited teachers’ experiences and feedback about the five lessons and the culminating Task.  In addition to the focus groups, teachers filled out 51 questionnaires about specific lessons.  The questionnaire asked teachers about the quality of the lessons and any difficulties they had with teaching them. 

Most of the interviewed teachers (75%) completed the entire unit, including the Task.  Teachers used a variety of literacy strategies to improve students’ comprehension of the Discovery Files (printed background information).


Strengths

All of the teachers used the Event-based Science framework as suggested in the Teachers’ Guide.  Most teachers liked the Task, and felt that it worked well as a culminating activity.  In particular, the more frequently teachers reminded students that they should use the labs and lessons to inform their Task work, the better students were at making connections between the Task and the rest of the unit.

Most teachers felt that the unit was particularly strong in terms of helping students learn necessary inquiry skills, and helping students engage in science. The Task motivated students to find more information about careers in science. The teachers and students enjoyed growing mosquitoes in the lab, and enjoyed the inquiry activities.  Most of the teachers indicated that they would teach the unit again to their classes, with some modifications.  

Of the 51 completed questionnaires, 84% indicated that the Discovery Files were very good or excellent.  Seventy-eight percent of the questionnaires indicated that teachers thought unit activities would help students improve their laboratory skills and techniques, and nearly as many (76%) indicated that the lessons were relevant to their curriculum and state science standards. Nearly three-fourths of questionnaires indicated that lessons were above average or excellent in terms of the ease of use.


Areas for Improvement

Although teachers liked most of the lessons, they had trouble understanding how some of them connected to the unit.  Some lessons were thought to be more appropriate for high school classes than for middle school. Some teachers felt that students needed to be held more accountable during labs and while reading the Discovery Files. 

This was the first time it was tried and there were some difficulties with the Task.  Students needed more direction for researching their roles and portions of the Task and more time to complete the Task. In addition, they needed clarification of the expectations for each role. Some teachers also felt that the roles required an uneven amount of work from the students, and suggested that the roles be equalized in terms of the amount of work required. Teachers suggested it would be a good idea to increase the connection between the earlier lessons and the Task to help students understand how everything ties together. As a result of this feedback, the Task was redesigned as an application for a site permit for the recreational center.  The roles were reapportioned and more clearly defined, as were the deliverables for each role.

Student performance 

Two pre-post assessments of student performance were carried out during the 2007-2008 school year, one conducted in the fall for the students who participated during the fall semester, and one conducted in the spring for students who participated during the spring semester.  Both high school and middle school participants from the fall and spring cohorts had statistically significant improvements in their scores from pre-test to post-test.  The evaluators concluded that the test was a fair measure of student learning as a result of the lessons, and did not observe a ceiling effect for the instrument.

Biodiversity Day evaluation

As a part of the Peabody Fellows Program, the Museum conducted a biodiversity day event, to introduce the general public to vector-borne diseases and biodiversity concepts.  This event, held on April 17, 2008, involved approximately 18 tables and displays and attracted a large number of families and other visitors.   Approximately 1300 visitors attended.  The event included a variety of activities for different age levels.  Biodiversity Day was evaluated through an on-site exit survey of 88 visitors.

Biodiversity day attracted a diverse population.  Eighty-five percent of the visitors attended as part of a family group, and a majority of the adult respondents were female.  All of the programs were rated on average between very good and excellent on a five-point scale, and the overall event was rated on average as 4.59 on a 5-point scale.  A majority of participants attended the event because it was something to do as a family, and because they wanted to have fun.  Visitors said that they were highly likely to attend another Peabody event.

Year 4: 2008-9

Program Description

In July 2008, the Yale Peabody Museum of Natural History ran the third Peabody Fellows Biodiversity Summer institute, a five-day program for twenty-three middle and high school science teachers.  The program prepared the teachers to teach the revised curriculum unit in their classrooms during the 2008-2009 school year.  Based on response to the post-test, at least nine teachers taught the unit during the winter semester, and at least six teachers taught the unit during the spring semester.  

The Peabody Fellows program also ran a “train the trainers” workshop, a five-day program to teach the unit to educators from California, Texas, and Wisconsin. The goal of the “train the trainers” program was to prepare these educators to disseminate the unit in their home states. In addition, the Peabody Museum again held a Biodiversity Day, for the general public on April 23, 2009.

The overall program, summer institute, Biodiversity day, and the train the trainers were evaluated in a variety of ways during year 4 (2008-2009), as shown in the table below. 

	Program component
	Evaluation

	Overall program
	· Pre/Post test of teachers’ knowledge about vector-borne diseases and attitudes towards teaching science 

· Focus-group discussions held in Winter 2008 (9 teachers) and Spring 2009 (6 teachers)

· Group discussions with students in classes that used the curriculum unit

· Students’ pre and post-test comparison, conducted either in Winter 2008 (Winter cohort) or Spring 2009 (Spring cohort)

	Biodiversity Day
	· Exit surveys of Biodiversity Day visitors

	Train the Trainers 
	· Questionnaires about the initial training and about the experience of teaching the unit 


Evaluation of the Overall Program

As in previous years, teachers took a pre- test about vector-borne diseases and attitudes towards teaching science before the summer institute and a post-test after teaching the curriculum unit.  To gauge teachers’ experiences with the summer institute and the curriculum unit, focus-group discussions were held at the end of the winter and spring semesters of 2008-2009.  In addition, seven discussions were held with classes of students who had experienced the curriculum unit, including the Task.  Finally, to gauge the effectiveness of the curriculum, students were given pre- and post-unit test to determine content learning and changes in attitude.

Teacher learning and attitude changes as a result of the Peabody Fellows Summer Institute and Vector-Borne Disease curriculum unit

Although teachers who participated in the program in 2008-2009 had higher pre-test scores than teachers in previous cohorts, teachers still showed a significant improvement in content scores as a result of participation in the program.  Scores increased significantly from 79% pre-program to 91% correct post-program (p<0.001).  In particular, significant increases were observed in teachers’ understandings of the concepts of infectious agents and disease reservoirs.  Teachers also reported increased confidence in their ability to teach about biodiversity and vector-borne diseases, and in their confidence in discussing the nature and processes of human clinical trials with their students.

Teacher responses to the overall program, including curriculum unit

Teachers participated in focus-group discussions after teaching the unit to their students.  These discussions obtained feedback about the unit itself, the Task in particular, and their experiences with the Vector-Borne Disease program, in order to refine the program and curriculum for subsequent years.  


Strengths

Most of the teachers thought the Task worked well as a culminating activity, and all but one of the teachers followed the Teacher’s Guide to do the Event-Based Science format for the unit. They liked the Event-Based Science framework, and planned to adapt it for other units.  Teachers really appreciated the Site Permit document that was created to help students prepare all of the work that they needed to submit as part of the Task.  They generally felt that the Task was relevant to the curriculum and standards and was a worthwhile activity to help students see the applications of the science that they were learning.  Teachers appreciated that the Task incorporated skills that students needed but were not learning in other parts of the curriculum.  

Almost all of the teachers felt that the unit was relevant to their curriculum and the standards.  Many teachers commented that they felt the labs were engaging for students and a learning experience for both the students and the teachers.  Teachers felt that their students became more interested in science through the course of the unit.  

Teachers also appreciated the ongoing support provided by the Peabody staff, both in person and through an online server that housed curriculum updates and other resources. They cited “the people” as one of the aspects that they liked best about the program, and suggested additional meetings to enable teachers to get and give assistance to one another.  Teachers really appreciated that they were able to leave the Summer Institute with a complete curriculum unit and a complete set of materials for teaching the unit.  The unit inspired many teachers to teach more Event-Based lessons, and most of the teachers were excited about teaching the unit again in the following year.


Areas for Improvement
Some teachers suggested that it would be useful to reorganize the unit to teach about West Nile Virus and Lyme disease separately, so that students do not get confused.  Teachers of 5th and 6th grade students felt that some of the materials in the units and Discovery Files were too complex for their classes.  Some teachers suggested adding an additional lesson on statistical sampling to help improve student work on the Task and during the lessons.

Teachers suggested that creating worksheets and question sheets to supplement and scaffold students as they used the Discovery Files would be helpful.  Many of the teachers created these documents for their own classes, and teachers suggested that it would be helpful to upload these documents to the server so that teachers in similar age levels could share these resources.


Student learning gains and responses to the unit

Both middle school and high school students had significant learning gains as a result of the unit.  When the scores from both the 2008 and 2009 cohorts (Year 3 and Year 4) were combined, the middle school students had significant gains across all of the questions, while the high school students had significant gains on 15 of the 19 questions. 
In addition, both middle school and high school students demonstrated small but significant attitudinal improvements as a result of participating in the curriculum unit.  In particular, middle school students showed increases in their beliefs about their own science knowledge, how important they believed science to be to them, in their interest in jobs in the sciences, in their beliefs about how many new science and math skills they had acquired during class, and in how much they believed that they learned about new careers in science and math from this curriculum.  High school students improved in how important they believed science to be to them, in their beliefs about how many new science skills they learned, in their beliefs about how much they learned about new careers in science and math, and in their belief that understanding science helps them make decisions.  They showed a small but significant decrease in their beliefs about how many new math skills they learned during class.

To determine if the test gains were a result of the SEPA curriculum materials or a result of other experiences that the students were having in their classes, three teachers administered the test to their students at the end of the 2007-2008 school year prior to attending the Peabody Summer Institute.  After participating in the Peabody Summer Institute, these teachers taught the curriculum unit to their students during the 2008-2009 school year.  At the end of the year, test scores from each year were compared for each teacher.  There were significant differences between the students who had experienced the curriculum and the students who had not experienced the curriculum who had the same teacher, indicating that the gains observed from the pre- to the post-test scores are a result of the Vector-Borne Disease curriculum.

Classroom Discussions

Task presentations by seven classes were observed during the third program year.  In discussions after the class presentations students generally responded very favorably to the unit.


Strengths

Most of the students enjoyed the unit, and rated it, on average, over 3.5 on a scale from 1-5.  Many of the students knew someone who had Lyme diseases or had had the disease, so the unit was very relevant to them.  Students enjoyed working on the Task, in particular because it represented a real-world application and allowed them to work independently in groups.   High-school students particularly valued this independent work. 


Areas for Improvement
Students suggested that it would be helpful for the teachers to introduce the Task at the beginning of the unit, and for the teachers to explain how each lesson relates to the Task.  They also suggested that it would be helpful to balance the amount of work required for each of the different jobs associated with the task.  In addition, students requested that the Discovery Files be placed online, and that helpful websites be compiled to help them do research during the Task activities. 

Evaluation of the Task

The Task is the culminating activity of the Vector-Borne Disease curriculum, and involves asking the students to apply for a permit for a recreational/camping facility that minimizes exposure to Lyme Disease and West Nile virus.  In order to complete the Task, student groups must complete up to 12 sub-tasks.  Students work in groups, with each group member assuming a different role.  

High school groups completed more of the sub-tasks than the middle school groups, since teachers at the middle school level skipped some of the more complex subtasks. Students’ work products for the Task were evaluated by a panel of trained Museum volunteers, using rubrics with four-point scales. The average score on the overall task for high school groups was 2.73, while the middle school average score was 2.55.   Comparing only completed sub-tasks, high school groups earned an average score of 3.22, while middle school groups earned an average score of 3.40.  

Two of the tasks – designing an experiment to learn about the control of the growth of bacteria by plant products, and designing a test for Lyme disease in a host animal – were most difficult for students, and garnered the lowest scores from both high school and middle school students.  

Evaluation of the Train the Trainers Session

Four participants from California, Wisconsin, and Texas participated in a week-long “Train the Trainers” session at the Peabody Museum.  The goal of this session was to disseminate the curriculum beyond Connecticut by training educators from diverse parts of the country so that they could train other teachers in their home states to use the curriculum.  Three of the four teachers who participated in the Train the Trainers session completed a questionnaire about the training session and the curriculum unit.


Strengths

Trainers were generally very positive about the lessons and the training workshop.  They were enthusiastic about the feasibility of doing the activities in the classroom and generally saw few difficulties that might arise during the lessons.  The trainers felt that the Task itself was very clear and they did not need any additional guidance on how to explain the Task to teachers. The trainers seemed confident that teachers would not have any trouble teaching the unit in their classrooms. They generally felt that the training session was excellent and appreciated the opportunity to learn the interdisciplinary curriculum unit.


Areas for Improvement
Some of the trainers requested additional resources to help with conveying the essence of the unit to teachers, including samples of student work, videos of the mosquito breeding process, and a glossary of terms to help make sense of new terminology introduced during the unit.   One trainer was concerned that the unit would take up a lot of time during the school year.

Evaluation of Biodiversity Day

The second Biodiversity Day for the visiting public was held at the Peabody Museum of Natural History on April 23, 2009. .  The event was attended by 678 people, and evaluated on the basis of 54 questionnaires collected at the museum.  While the event attracted fewer participants than the 2008 Biodiversity Day, the activities were very highly rated by visitors.  Participants were from diverse racial and ethnic backgrounds and visitors mainly came in family groups.  The overall program received an average rating of 4.64 on a 5-point scale.

Visitors reported that their main motivations for attending Biodiversity were to learn about science, have fun, and do something with the family.  Forty-three percent of participants reported that they learned a lot of new information and all of the program components received an “excellent” rating by a majority of participants.  Participants reported that they were “highly likely” to attend another family program at the Peabody Museum.

Year 5: 2009-2010
Program Description

In 2009, the Yale Peabody Museum of Natural History ran the third Peabody Fellows Biodiversity Summer institute, a five-day summer program for 12 middle and high school science teachers.  The program prepared the teachers to teach the revised curriculum unit.  Teachers taught curriculum in their classrooms during the 2009-2010 school year.  At least four teachers taught the unit during the winter semester (winter cohort), and at least five teachers taught the unit during the spring semester (spring cohort). 

	Program component
	Evaluation

	Summer Institute
	· Pre- and post-test of teachers’ knowledge about vector-borne diseases and attitudes towards and feelings about teaching science.  

· Closing discussions with middle school and high school teachers about the Summer Institute

	The Task
	· Evaluation of  work done for the Task from ten middle school and ten high school classes


Evaluation of the Summer Institute

The teachers took the same pre- and post-test administered to teachers during the previous three summer institutes to assess knowledge about vector-borne diseases, and to assess any changes in their attitudes towards and feelings about teaching science.   The test was administered prior to their arrival at the summer institute, and after they had taught the unit in their classes, either during the fall of 2009 or the winter of 2010.  In this final year of the program, teachers’ scores were combined with the previous years of the summer institute to determine if there was a significant change overall in teachers’ content knowledge and affect related to teaching science as a result of participation in the summer institute.  In addition, changes in teachers’ content knowledge were compared across the third, fourth, and fifth years of the program to determine if there were any differences in teacher knowledge gains across the years. 
In addition, two closing discussions were held at the culmination of the fourth Peabody Fellows Summer Institute for the Vector-Borne Disease unit.   Seven middle school teachers participated in the first group and five high school teachers participated in the second.  Teachers were overwhelmingly positive about their experience in the summer institute and about the curriculum unit.


Strengths
All of the teachers felt that the summer institute met their expectations and that they were prepared to teach the curriculum unit in their classes.  They were delighted to receive all of the materials for the labs, and to have the opportunity to experience the entire unit before teaching it to their students.  They enjoyed the presentations by guest speakers and appreciated the opportunity to continue to work with their colleagues through the online server space.  The teachers felt that the unit was extremely relevant to the state standards and to their teaching and they particularly appreciated the science inquiry skills that were embedded throughout the unit.
In 2009-2010, teachers’ content scores on the pre- post-test increased 21% (p<0.005, unpaired t-test), achieving an average percent correct of 92% on the post-test.  In comparison, teachers’ scores only improved by 13% and 12% in 2007-2008 and 2008-2009 respectively.  This difference can be attributed to a lower mean percent correct on the 2009-2010 pre-tests.

Over years three, four, and five of the Peabody program, teachers also demonstrated significant improvements on two measures of affect: teachers’ confidence in teaching about biodiversity and vector-borne diseases (P<0.001), and in discussing the nature and processes of human clinical trials (P<0.013).  Although there were no significant changes in teacher’s responses to affective questions about general classroom management, Event-Based Science pedagogy, teaching inquiry skills, and conducting performance tasks, teachers generally responded that they felt highly confident in these areas prior to their participation in the Peabody Fellows program, so the lack of significant increase is probably a ceiling effect.

Areas for Improvement

Teachers made a few suggestions for improving the program, including incorporating additional field trips and guest speakers for their classes, increasing the number of interdisciplinary activities, and even though all materials necessary for classes to do the lessons were supplied with the program, teachers suggested making a materials list available, including sources of items and prices.  Teachers also requested a cohesive binder or CD with all curriculum materials, to help them keep track of the whole unit.

Summary

The Peabody Museum of Natural History’s program on Biodiversity and Vector-Borne Disease was successful in meeting all of its goals.  The following is a summary of the program in terms of its goals.  

Goal 1: To build teacher capacity for bringing research in biodiversity and disease ecology to grades 5-11 in an engaging, inquiry-based style.

A total of 64 teachers from Connecticut and 4 teacher-trainers from California, Texas, and Wisconsin participated in training institutes to learn about vector-borne diseases and the Vector-Borne Disease unit.  All participating teachers successfully implemented most or all of the unit in their classes.  Although some of the second cohort of teachers from Connecticut expressed concerns about the unit, most teachers in all four cohorts were enthusiastic about using the curriculum unit in subsequent years.   Many middle-school teachers adapted the unit to make it more appropriate for their students, and teacher-developed adaptations were made available on the program server. Each cohort of teachers experienced significant content learning gains as a result of attending the summer institute and teaching the curriculum unit. 

Goal 2: To develop innovative, standards-based science curriculum resources that use Museum collections to investigate biodiversity and vector-borne disease ecology.

During the initial summer institutes, some teachers expressed concern that the unit would not allow them to meet the necessary state standards.  Teachers were particularly concerned about increasing pressure from principals and administrators to prepare students for state tests, and many expressed reluctance to teach the entire curriculum unit due to these concerns.  However, increased alignment of the lessons with state standards helped alleviate teachers’ concerns about adherence to the standards.  By the final summer institute, teachers were extremely positive about how the curriculum unit allowed them to meet their state standards through engaging, inquiry-based instruction.  

Throughout the program, teachers were enthusiastic about the use of the Event-Based Science framework for engaging students in interesting problems in science.  However, the first pilot tests of the Task and the preceding lessons showed that teachers and students had trouble connecting the Task to the other lessons in the curriculum, and that some teachers and students did not understand the objectives of the Task.  Improvements in the structure and design of the Task greatly improved teacher and student reactions.  As the clarity of the Task and the cohesiveness of the unit increased, teachers and students’ engagement, understanding, and enjoyment of the program improved.
Goal 3: To increase student understanding and practical application of science process skills in the context of investigating biodiversity and disease ecology – through the use of curriculum resources and Museum specimens, and through visits to biomedical research laboratories.

Throughout the institute, most teachers expressed great enthusiasm for the opportunity to teach their students about real-world issues in science, and students were motivated by the opportunity to do real science about problems affecting their own communities.  The trip to the Yale Agricultural Station to observe mosquito habitats and research labs provided a grounding experience in research equipment and techniques.  Teachers particularly felt that the Task was useful and effective in getting students to think carefully about the importance of science for their communities and about science careers.

During each year of the Peabody Fellows Program, students’ learning gains were assessed by a 19-question test administered both before and after the unit in was taught in their classrooms.  Each year, students in both high school and middle school made significant learning gains on the test, indicating that the unit was successful in helping students understand concepts of vector-borne diseases relevant to Connecticut.   By year 4, students had significant, positive attitudinal shifts in their knowledge of science, the importance of science, and how much science they learned during class as a result of the curriculum.
Goal 4: To release novel teacher-designed curriculum resources through selected dissemination sites in California, Texas, and Wisconsin.

As was previously mentioned, to disseminate the Vector-Borne Disease curriculum beyond Connecticut, four educators from California, Wisconsin, and Texas participated in a week-long “Train the Trainers” session at the Peabody Museum.  The goal was to train educators from diverse parts of the country so that they could train other teachers in their home states to use the curriculum.  The trainers felt that the training session was excellent and appreciated the opportunity to learn the interdisciplinary curriculum unit.  They were enthusiastic about the unit and confident that teachers would not have any trouble teaching the unit in their classrooms. They generally felt that the lessons would be engaging for students, and would help students learn about and appreciate applications of science and scientific careers.
Goal 5: To increase public understanding of the nature of biomedical sciences and scientific research in the context of two case examples, Lyme disease and West Nile virus.

Two Biodiversity Day programs were held at the Peabody Museum, in April 2008 and 2009.  The first Biodiversity day was extremely well attended, attracting 1300 visitors.  The second Biodiversity day also attracted many visitors (678).  A majority of the visitors were families who were interested in learning about science, having fun, and doing something with the family.  Visitors were extremely positive about their experiences at the Biodiversity Day event.  Many visitors claimed that they learned a lot of new information at both events, and most visitors rated every program component as “excellent.”

In addition, the Peabody Museum of Natural History developed a traveling exhibit on Biodiversity and Vector-Borne Disease that was available to their visiting public.

