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Abstract:

After a college graduate fulfills licensing requirements and becomes a science teacher, what opportunities exist for continuing their learning over the course of their career?  The need for all teachers to continue their education stems from advances in science content as well as advances in research on how people learn and teaching methods that reflect these new understandings.  A very different need exists for teachers of science who do not have adequate science content training and yet are teaching science.  This includes elementary teachers as well as secondary teachers who may have been trained in biology but are assigned physics classes.

Traditional solutions to providing this needed inservice science education include additional graduate courses, conferences, journals, books, workshops, and summer research opportunities.  Universities, professional organizations (like the National Science Teachers Association), publishers of curriculum materials, informal institutions (e.g. museums), print and broadcast media as well as local school districts all provide inservice science education.
The revolution in electronic communications provides new approaches to inservice science education including podcasts, webinars, listserves and on-line courses.  These are often provided by the same players as the traditional solutions.
Two research projects involving approaches to inservice science education (both supported by the National Science Foundation) will be described:

· The Boston Science Partnership is a collaboration of institutions whose goal is to improve science education in an urban environment for all students by significantly improving the quality of science teachers through specific inservice initiatives.  

· The Active Physics Teacher Community is a second generation model of distance learning to support teachers implementing a specific curriculum.
Introduction

The Center of Science and Math in Context (COSMIC) is a bridge between the College of Science and Math and the College of Education and Human Development at the University of Massachusetts Boston.  The Center focuses on a range of initiatives including professional development for K-12 teachers.  We also support university professors in their efforts to make their teaching more effective.  In addition, we have overseen the creation of the high school curriculum projects, Active Physics and Active Chemistry.  Both of these projects use a problem based learning approach to engage students and are being used across the United States.  

In order to better understand our efforts in the arena of professional development for in-service teachers, it is crucial to have a sense of the trajectory of a teacher’s career in the United States.  Each of our 50 states has a different licensing process, but the general format is quite similar.  After completing a course of study in college and/or graduate school and passing state licensing exams, a teacher is given a provisional teaching license.     Within five years of teaching and additional formal coursework, the teacher receives a permanent teaching license.  In some states, this teacher is required to continue their studies through informal education or formal education for the duration of their career.  In other states, teachers receiving a permanent license do not have to receive any additional education for the remaining 30 years of their career.  
As teachers progress through their careers, their salary increases.  These increases rarely have to do with the success of their students, but are usually based on years of service and increases in education.  There is no “ranking” of teachers.  A teacher who has been in the school for 2 years is referred to as “a teacher.”  A teacher who has been in the school for 20 years and has earned sixty credits beyond the master’s degree or has earned a doctorate is also referred to as “a teacher.”   Often, the responsibilities of these teachers are identical.  Some teachers do take on additional administrative responsibilities and devote some of their time to leading a science department.

This is in sharp contrast to my understanding of the trajectory of a teacher’s career in China where a teacher may be 2nd rank, 1st rank, senior rank or “super rank”.  My understanding is that to attain higher rankings in China, a teacher must publish articles, teach more advanced classes and demonstrate lessons to others.  Although a teacher in the United States may participate in research or demonstrate lessons, no reward or change in title exists for teachers in the United States.

In-Service Professional Development

Teachers receive a variety of in-service professional development.  Every year, the individual schools focus on a current topic of interest and provide a single day or multiple days.   One year, the school may discuss assisting students with special needs while another year the school may focus on “bullying” in the school or “AIDS awareness” or new reporting procedures.  These short term, one-day sessions are often met with skepticism by the teachers.
Teachers may also have professional development within their school or district that is linked to their curriculum.  Science teachers may have a series of workshops devoted to inquiry or lab safety or how to use technology in their classes.  These sessions may be led by fellow teachers, the science coordinator or an outside consultant.  In some districts, the professional development is part of an overall strategy to improve teaching.  In other districts, the professional development one year does not connect with the professional development of the prior year.

Teachers may have the opportunity to attend annual science conferences hosted by organizations like the National Science Teachers Association.  In addition, local science organizations may have monthly meetings for interested teachers.  Similarly, science museums, zoos, aquariums, radio, television, publications and other informal settings can offer workshops for teachers.  
Often, professional development for teachers implies that the teachers would take a college type course.  They would learn more content and the hope was that this new content would help them improve their teaching.  Over the past two decades, summer workshops have been more and more structured to link to the curriculum that the teachers are using.  And in the past decade, many of these summer workshops of two to four weeks in duration are followed by monthly meetings of the teachers during the school year.  This model of a summer workshop and monthly “call-backs” are often supported by organizations like the National Science Foundation.

More recently, with the advent of computer technology, some of these courses are now taught on-line with occasional face-to-face meetings.  Too often, the on-line course is distinct from the actual curriculum that the teacher is required to teach in the schools.   Similar to the traditional college courses, the teachers are expected to increase their content knowledge and then figure out how to improve their teaching on their own.
Teachers need professional development in three distinct arenas: content knowledge, pedagogical knowledge and pedagogical content knowledge.  Content knowledge is needed by the teachers for two distinct reasons.  On the one hand, it is crucial that teachers keep abreast of advances in the sciences so as to communicate current views as well as to capture the enthusiasm of science as a vibrant, current field of endeavor.  On the other hand, often science teachers are required to teach one class or more out of their content area.  A biology teacher (someone with a background and license in biology) may have to teach a physics course in spite of having little or no background in physics.  

Pedagogical knowledge includes how to best manage a classroom, assess learning as well as how to include inquiry and the results of research in the cognitive sciences into instruction.  As instructional models advance, teachers should have access to this through professional development.  Similarly, teachers must learn how to lead effective classrooms when students with special needs are included in all classrooms.   This pedagogical knowledge may overlap with similar pedagogical knowledge that teachers in all disciplines need.
Pedagogical content knowledge is specific to the discipline.  It speaks to a specific understanding of the best way to scaffold instruction in order to maximize student learning.  It also includes a teacher’s sense of when to use a demonstration, a laboratory investigation or a computer simulation.  It includes the ability of teachers to discern the meaning of a student’s question.

The three types of knowledge can be distinguished by considering a lesson on boiling water.  The content knowledge may include an understanding of phase change, the heating curve of water and the value of the heat of vaporization.  Pedagogical knowledge may include how to conduct a laboratory investigation.  Does the teacher ask the student to record the temperature of the water as it heats and continue recording the constant temperature of 100° C?  Or does the teacher ask the students to heat the water until it reaches 120° C and have the students discover that, in fact, the water never goes above 100° C?  Regardless of how well a teacher may know the content knowledge and the level of creativity of the lesson, the teacher must also have pedagogical content knowledge.  In this instance, the teacher must know that some students think that when water boils, the water molecules dissociate into hydrogen and oxygen molecules.  If a teacher does not know about this student misconception, the lesson will never address it and the students will continue to harbor this idea.   A teacher with this pedagogical content knowledge will include instruction that helps the students confront this misconception and convince the student that since the gas emerging from the water’s surface does not react with a flame, we can conclude that it is neither hydrogen nor oxygen.  
The Boston Science Partnership
The Boston Science Partnership (BSP), funded by the National Science Foundation, is a hallmark initiative of COSMIC at UMass Boston with the Boston Public Schools and Northeastern University.  Additional partners include the Educational Development Center, Lesley University, Harvard Medical School, the College Board, Roxbury Community College and Bunker Hill Community College.  Boston is a mid-size urban city with approximately 60,000 students enrolled in grades K-12.  Seventy-one percent of students qualify for free or reduced lunch (a measure of poverty in the population.)  The BSP's vision is that at the end of our project challenging core science courses will be taught by highly qualified teachers; advanced science courses will be accessible to all BPS students; university faculty will work alongside K12 teachers in science education reform; and new structures will promote student achievement in science in grade 6 through 12. We envision this project as an exchange program, where science and engineering professors and pre-service science teachers learn as much about science education from K12 teachers as the teachers and pre-service teachers learn about science content from professors.
The goals of the Boston Science Partnership are:

· Raise student achievement in science.
· Significantly improve the quality of BPS science teachers. 
· Increase the number of students who succeed in higher-level courses in science, and who are admitted to and retained in university science and engineering programs. 
·  Improve science teaching both in BPS and at the universities. 
·  Institutionalize changes so that the Boston Science Partnership and its work will be sustained. 
The four major strategies for meeting these goals include Contextualized Content Courses (CCC), Vertical Teaming (VT), Collaborative Coaching and Learning Science (CCLS) and Support with college faculty as they reflect on their own teaching (SUP).  These strategies and their overlaps are depicted in a Venn diagram in Slide 1.
Contextualized Content Courses (CCC):  The CCCs provide science content to underprepared teachers.  Each course is linked to the science curriculum of the Boston Public Schools.  For example, the biology course draws examples from the middle school and high school biology curriculum that the teachers will be teaching at their schools.  Each CCC course is taught by a university professor, a high school teacher and a middle school teacher.  This insures that, in addition to the discipline content, time is allocated to discuss teaching strategies to use in class.  A CCC course may be taken for a 2-week interval in the summer or over a full semester.  The teachers receive university graduate school credit for successfully completing the course.  The CCCs include biology, chemistry, physics, engineering and earth science as it is taught in Boston. 
Vertical Teaming:  This initiative assists teachers in creating a vertical articulation of the curriculum from grades K-12.  Although Boston Public Schools has a defined science curriculum for each grade, very few teachers are aware of what gets taught in any grade but their own.  The Vertical Teaming begins with teachers from elementary, middle, high school and college professors all reviewing a college level science exam problem from the Advanced Placement exam.  After reviewing the solution to the problem (professional development for many teachers), the problem is then deconstructed.  The teachers then determine which elements of the problem are taught in elementary school, which in middle school and which in high school.   The Vertical Team map is then a resource to help remind teachers of earlier grades what the students will be learning in the future.  This map is also used by teachers in the higher grades to hold students accountable for what they learned in earlier grades.  As part of the Vertical Team initiative, the Boston Science Partnership is also supporting Advanced Placement (AP) initiatives including summer “bridge” programs for teachers and their students, full day labs on a college campus, a practice exam and summer institutes for teachers.
Collaborative Coaching and Learning in Science (CCLS):  CCLS allows teachers in one building to learn from each other in a structured and supportive way. Each CCLS group gets support from a staff person and selects a topic of interest to the group. Over 10 weeks the group discusses, observes one another in the classroom, reads background research on that topic and integrates new ideas into teaching.  The CCLS supports important, on-going, and in-depth conversations about teaching, focuses on science teaching and learning, helps teachers become more reflective about the craft of teaching and promotes change in teacher practice.
Support for College Faculty (SUP):  Occasional one-day seminars and symposia on current topics in science education are held at the University for faculty from the College of Science and Math.  It is facetiously assumed that a subject matter expert gains the ability to teach upon the awarding of a PhD.  Recognizing that a researcher’s skill set and a teacher’s skill set are quite different, seminars and workshops are held on a regular basis for interested faculty.  In addition, a colloquia focused on teaching took place in each department one year.  In addition, university colloquia with special guests (including Nobel Laureate Carl Wieman) supported the emphasis on improving teaching.

After six years of the Boston Science Partnership, we have data to show that we are meeting our goals.

1)  Highly qualified teachers:  Through the four initiatives, we have served over 1000 teachers (if teachers participate in more than one CCC, they are counted again) and provided over 60,000 hours of professional development.  (See slides 2 and 3).   During 2004-2008, 234 teacher new teacher licenses have been issued.  Teachers were five times more likely to get a new license if they participated in the BSP.  The number of licensed physics teachers grew from 7 to 28  (see slide 4).  BSP teacher participants are 4.6 times more likely to remain teaching in the Boston schools.  70 %f the 184 teachers of science surveyed said they would definitely want to keep teaching science in Boston.   Participation and retention data is shown in slide 5.
2) Enrollment in advanced courses in science has increased from fewer than 200 students in 2000 to almost 800 in 2009 (see slide 6.)
3) University faculty and teachers have worked side by side in the Contextualized Content Courses and in vertical teaming.   This has created and nurtured bonds among these science teaching professionals.  Teachers have increased their content knowledge and confidence in teaching science.  University professors have adopted techniques from the CCC and included these in their own classes for undergraduate students.  
4) Student achievement has increased as evidenced by an increase in the number of students passing the Massachusetts Comprehensive Assessment in Science (MCAS) shown in slide 7.

The Boston Science Partnership still faces challenges.  We are not reaching all teachers or college faculty.  Some school leaders at the school level and the district level as well as many teachers and college faculty do not know of our efforts.  We continue to explore ways of inviting others to participate.  We can only help teachers if they take part.
The Guided On-line Approach to Active Physics and Active Chemistry
A second, unrelated initiative for in-service science education being led by COSMIC is a second generation model of on-line professional development for Active Physics and Active Chemistry.  This research project is funded by the National Science Foundation and is now entering it’s fourth year.
The goal of this project is to develop and research our second generation model of professional development that augments traditional professional development with an online professional development platform: the Active Teachers’ Community.  The study looks at teacher professional development with regards to the potential benefits of ‘just-in-time’ support and the advantages of participating in an online learning community.   We have successfully run eight ‘courses’ in five urban areas, collected a large amount of data and continue to work on all elements of our project 

The Active Physics Teacher Community is designed to help teachers in three specific ways:  by providing them with formal instruction that is directly related to the lessons they are teaching in the classroom so as to help them prepare for their lessons; to provide a moderated forum for teachers to share their classroom experiences, successes, and questions with other teachers who are using the same lesson plans and curriculum while they are teaching; and to help and encourage teachers to compare their success in the classroom to other teachers, to use student data to inform instruction and modify their learning strategy appropriately at the time of the lesson. 

During Year 1 and Year 2 of the grant we developed and pilot-tested the model, the on-line resources and the research and evaluation instruments.  In Year 3 we tested the model in various school districts using Active Physics (Boston Public Schools (BPS), Duval County Public Schools (Jacksonville, Florida), Jefferson County Public Schools (Louisville, Kentucky) and Los Angeles Unified School District (LAUSD), all of which are large centers that teach physics to all of their ninth grade students using the Active Physics curriculum as well as Denver Public Schools (DPS) whose eleventh grade students use the curriculum.)   The on-line materials and instruments for Active Chemistry were under development in Year 3 as well.  Year 4 will test the model in school districts and with isolated schools using Active Chemistry.  Year 5 will provide the opportunity to analyze the wealth of data collected.  

We are investigating the effectiveness of a second generation model of online professional development by enrolling  teachers in a series of six week distance learning ‘courses’ that mirror  the six week Active Physics chapters they are simultaneously teaching in their classrooms.  In this research study, teachers using the guided online approach to professional development will be compared with one another while the quantity of face-to-face professional development that each teacher has received will be taken into account.    In addition, a social network analysis will be completed to see if there is a growth in the professional learning community as a result of involvement in the on-line professional development.
Our study involves three main components: Prepare, Share, and Compare.  All teachers are encouraged to participate in all three. 

In the Prepare folder (see slides 8 -10), teachers will find 

· at the chapter level

· an introductory video

· description of the chapter challenge

· a video explaining the 7E instructional model

· a video explaining the instruments being used in the research

· a video introduction to Active Physics concepts and helpful tips for managing the course.

· Frequently Asked Questions (FAQ)

· at the activity level (there are 8 activities in this chapter) 

· quizzes:  A pre-quiz is required for all teachers.  The activity resources are not available until the teacher completes the pre-quiz.  They can use this quiz as they see fit in the classroom.  

· Read the Activity

· Activity Overview including objectives

· A description of the crucial physics of the activity


· Try the Activity 

· A video showing a master teacher demonstrating the lab activity

· A video describing features of the activity including the crucial physics

· A description of student misconceptions regarding this physics content.

· Lesson plans:  one for each day devoted to this activity (approximately 3 plans per activity).  The lesson plans include timeframes for each lesson component as well as suggestions for the activity.

In the Share folder (see slide 11), teachers will find

· Threaded discussions created by the moderator

· What transpired in your classrooms

· What confused students

· What were highlights

· Threaded discussions created by teachers

· Problems that arose

· Questions

· Suggestions for others

In the Compare folder (see slide 12), teachers will find

· A post-quiz for the teachers to take including a question about predictions for student performance.

· The same post-quiz for students to take

· Threaded discussions created by the moderator

· Which question on the quiz did your students have the most trouble with?

· Did anybody's students do very well on Q3?

· Describe what you did/said in class that can account for how well your students did on that question.
The Research & Evaluation is being conducted by the Education Development Center (EDC)), and  Davis Square Research Associates (DSRA).  The research instruments include:

·  A biographical information questionnaire about the teachers including teaching background, demographics of their students and familiarity with Active Physics.
· The teacher log looks at pacing in terms of planned time versus actual time.  
· A professional experience survey relates to participants’ background in teaching; more specifically, questions centered on or around how much involvement each teacher had had in professional development in the past few years. 
· The pedagogical content knowledge questionnaire. 
· Content Quizzes administered to both teachers and students.
· A social network survey that will determine if teachers share resources, collaborate on activities or even simply discuss physics or school-related topics.  
· An exit survey, given to teachers at the completion of the professional development. 

We will be collecting more data this year and analyzing the data next year in order to draw conclusions about the value of this model of in-service science education.
Conclusion

Teachers in the United States participate in a wide range of in-service professional development.  Their incentives for doing so are increased knowledge and salary.  Participation in professional development does not impact their “rank” in the teaching profession.  Some of the in-service education is provided within the school or district while others are provided by formal courses and workshops at universities or through informal organizations like the National Science Teachers Association.
The traditional model of in-service science education is a college course to increase content background.  Sometimes this course is linked to the curriculum being used in the schools, but often it is the teacher’s responsibility to make this connection.  This model has been augmented by having monthly follow-up or call-back sessions with teachers throughout the school year.
Two new models of in-service science education taking place at the Center of Science and Math in Context (COSMIC) are the Boston Science Partnership and the Active Teachers Community.  The Boston Science Partnership is a face-to-face initiative that includes contextualized content courses, vertical teaming, collaborative coaching and learning, and support for university faculty.  The Active Teachers Community is an on-line initiative that provides just-in-time support for teachers while they are teaching the curriculum during the school year.

These two models are examples of some of the many in-service professional development activities that are taking place across the United States as we try to determine what initiatives will provide teachers with the knowledge and tools to positively impact student learning and achievement.
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