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Abstract

With support from the National Science Foundation and Pennsylvania’s State System of Higher Education, the CETP-PA project is working to improve elementary and secondary school mathematics and science teacher preparation programs. A critical indicator of the project’s success is increases in prospective teachers’ understanding of mathematics and science and how best to teach these disciplines to K-12 students. Assessing the project’s contributions to gains in mathematics and science content knowledge by prospective teachers has been a challenge due to differences among universities. Each university participating in CETP-PA agreed to plan and implement at least one Teacher Content Knowledge Assessment Study to compare the mathematics and/or science content knowledge of prospective teachers completing one or more reformed courses with those completing more traditional courses. Fourteen studies are currently underway. Most of the universities began data collection in 2003 and will complete their studies in 2004 or 2005. Measures used in these studies include course grades, ratings of student projects, pass rates on examinations, and other internal measures; scores on external assessments; persistence to and performance in subsequent courses; and self-report data on conceptual understanding and satisfaction. Of the three studies that already have reported findings, two confirm the benefits of instruction consistent with constructivist principles on the learning of undergraduate students, including prospective teachers. The other study had no statistically significant benefit from the introduction of constructivist practices.

Overview of CETP-PA and Its Evaluation

During the summer of 2000, the National Science Foundation (NSF) awarded funds to Pennsylvania’s State System of Higher Education for the Collaborative for Excellence in Teacher Preparation in Pennsylvania (CETP-PA). Initially the project’s objectives were the following:

· Changing selected university science and mathematics content courses taken by education students to reflect research-based effective pedagogy,

· Supplementing the mathematics and science content of science and mathematics education courses,

· Introducing the paired supervision of science and mathematics student teachers by content and pedagogy specialists,

· Providing for students majoring in education more consistency among their university courses, their field experiences, and their induction period,

· Increasing the efforts at recruitment of K-12 students to pursue careers in teaching science and mathematics.

Based on these objectives, eight long-range outcomes were written. Reformed courses in this project are courses that reflect constructivist principles and the content and pedagogy called for in the national and Pennsylvania mathematics and science standards.

Currently, there are CETP-PA teams at 12 State System universities. Each of these universities has established or enhanced a mathematics, science, and technology center as part of the CETP-PA project.  Because responsibilities are shared at some universities, there are 20 Team Leaders and 14 Center Directors. Each university also has an Evaluation Liaison. Through a Teaching Scholars program, students have been awarded scholarships. At these universities, there are a total of 475 team members (62% university faculty, 4% community college faculty, 19% K-12 teachers, 15% Teaching Scholars, and 1% other).  During the first three years of the project, there were statewide workgroups concerned with elementary science, elementary mathematics, secondary science, secondary mathematics, supervision of field experiences, and recruitment of prospective teachers.  Only the recruitment workgroup is continuing through years four and five.  The following task forces have been established for these last two years:  community colleges, legislative, and presentation/dissemination.  The project has posted information about all these groups on its website [1].

An evaluation plan was written by external evaluators associated with the National Center for Improving Science Education (NCISE).  Information has been collected in several ways.  Documents that have been reviewed include the following:

· Syllabi, examinations, and other materials from university courses,

· Narrative of Progress reports written by team leaders,

· Steering Committee minutes,

· QRC summaries of data submitted on-line,

· National Visiting Committee reports,

· Documents prepared by workgroups,

· External evaluator memoranda and reports.

Questionnaires have been administered to these people:

· University students preparing to become teachers,

· University mathematics, science, and education faculty,

· University deans and department chairs,

· Community College faculty on CETP-PA teams,

· K-12 teachers.

Interviews have been conducted and/or are planned with Co-Principal Investigators, Community College Coordinators, Team Leaders, Workgroup Chairs, university students preparing to become teachers, university faculty teaching courses targeted for reform, and K-12 teachers on CETP-PA teams.  The CETP-PA Protocol for Classroom Observation has been used at universities and K-12 schools.

Description of CETP-PA Teacher Content Knowledge Assessment Studies
A critical indicator of the project’s success is increases in prospective teachers’ understanding of mathematics and science and how best to teach these disciplines to K-12 students. Assessing the project’s contributions to gains in mathematics and science content knowledge by prospective teachers has been a challenge. Although a State System collaborative, each participating university has delineated its own reform plans and priorities. Course offerings and preparation program attributes vary considerably across universities. Members of the collaborative were not in a position to adopt or mandate a single measure of prospective teachers’ content knowledge. CETP-PA therefore pursued another strategy for measuring increases in prospective teachers’ mathematics and science content knowledge.

Each university participating in CETP-PA agreed to plan and implement at least one Teacher Content Knowledge Assessment Study to compare the mathematics and/or science content knowledge of prospective teachers completing one or more reformed courses with those completing more traditional courses. The purpose of each study is to examine the benefits of reformed courses to prospective teachers – including understanding of mathematics and science as well as skills in and beliefs about effective mathematics and science teaching and learning. The programmatic purpose of the effort is to lend credibility to the project’s proposals for long-term, sustained mathematics and science teacher preparation program reform. Fourteen studies are currently underway. All of the CETP-PA universities are participating in this effort. 

Every study uses either a comparison group or time series design involving prospective teachers learning mathematics and/or science through reformed courses embodying constructivist principles and prospective teachers learning the content through more traditional approaches. Individual studies use different content knowledge measures of performance. The measures include:

· Performance on external assessments appropriate to standards-based reform, for example, the Mathematics Task Assessment developed by Arizona State University,

· Performance on commonly used assessments that are familiar to and valued by the university community, such as course grades, passing rates on tests, or ratings of the quality of student projects,

· Persistence to and performance in subsequent courses,

· Self-report data on conceptual understanding and satisfaction.

CETP-PA universities developed Teacher Content Knowledge Study Plans in 2002. (The Appendix presents a summary of plans and progress for each university.) Most of the universities began data collection in 2003. The studies focus on different aspects of learning mathematics and science. Six studies examine the learning of mathematics or science by prospective elementary education teachers. Four investigate learning in biology. One study looks each at learning in chemistry, physics, earth sciences, and physical science.

Findings of CETP-PA Teacher Content Knowledge Assessment Studies
Most universities do not plan to complete their studies until later this year or in early 2005. However, three studies have reported findings. Two confirm the benefits of instruction consistent with constructivist principles on the learning of undergraduate students, including prospective teachers. The other study found no statistically significant benefit from the introduction of constructivist practices. These three studies are summarized below.

· One of Clarion University’s content knowledge assessment studies examined the effect of different teaching methods on undergraduates’ understanding of a particular astronomical concept – why mid-latitude locations experience seasons. Elementary education majors and non-science majors enrolled in a general education physical science course participated in the study. The Didactic Group consisted of three sections of the course taught in a traditional didactic lecture style by one professor. Another professor taught the Constructivist Group – the remaining four sections of the course – following the constructivist 5-E lesson-planning model [2]. Pre- and post-test open-ended questions asked students to explain the seasons and to apply their understanding to another situation. Findings were that the Constructivist Group evidenced a better understanding of why mid-latitude locations have seasons than did the Didactic Group, and was better able to apply their understanding of seasons to relationships between the Earth’s tilt and the severity of seasons [3]. Researchers also observed that student attendance was consistently above 90 percent in the Constructivist Group and consistently lower in the Didactic Group. The Clarion CETP-PA Team sees this study as providing evidence to university content professors that constructivist teaching styles can result in better student understanding while providing an effective teaching model for pre-service teachers. 

· Students in two laboratory sections of a non-major biology course at Indiana University were taught by the same instructor purposefully using different teaching styles – traditional and constructivist. Differences in actual teaching were documented using instruments based on the work of Ned Flanders and the Secondary Teacher Analysis Matrix (STAM) developed by researchers at Michigan State University as part of the Salish I Research Project. Each laboratory section consisted of 23 students; the sections were equivalent with regard to SAT scores and science background of the students; the sections covered the same content. Weekly quiz scores of students in both groups were compared using a t-test for comparison of means [4]. The results showed a significant difference between the constructivist class and the traditional class, with the constructivist group consistently displaying higher scores on the quizzes. Students also completed the Science Attitude Inventory measuring students’ understanding of science and its importance along with students’ appreciation and enjoyment of science. The two groups had virtually identical scores on the intellectual component of the inventory, but the constructivist group had higher scores on the emotional component, indicating that they had a greater appreciation for the value of science. This finding was supported by class observations and student comments at the end of the semester. Finally, there was a significant difference in attendance between lab sections: attendance was higher among those students in the constructivist group than in the traditional group over the entire semester.  The Indiana CETP-PA Team hopes that the findings of this study display the benefits of constructivist teaching sufficiently to encourage science professors to experiment with the principles and strategies.

· Lock Haven University investigated the effects of constructivist pedagogy on student learning and retention in a first-year biology course. A faculty member who teaches reform-based sections of Principles of Biology I at Lock Haven University introduced various constructivist practices into her teaching. She and her colleagues compared mean grade averages for the course final exam for years before and after she adopted constructivist practices to evaluate increases in student learning (i.e., a comparison of performance during 1998-2000 with performance during 2001-2002). They also compared retention rates (the number of students who completed Principles of Biology I and enrolled in Principles of Biology II) before and after the reforms. The team found that the constructivist practices introduced into the first-year biology course in 2001 and 2002 had no statistically significant effect either on student performance on the final exam or on retention rates. The results of this study were reported within the CETP-PA project, but have not been published.  The team’s plans to repeat the study are unclear at this time.

Effects of CETP-PA Teacher Content Knowledge Assessment Studies
The CETP-PA university teams remain committed to the project’s strategy of demonstrating gains in mathematics and science content knowledge by prospective teachers. Faculty members keep each other appraised of progress and changes in study plans. As findings are made, discussion is stimulated across universities. The findings inform reflection about constructivist pedagogy and the evidence needed to sustain reform. After all of the studies are completed in 2005, the CETP-PA project will publish a monograph about the results of Content Knowledge Assessment Studies.
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Appendix

Summary of CETP-PA Teacher Content Knowledge Assessment Study

Plans And Progress
Bloomsburg University is investigating student performance in a reform section of Fundamentals of Inorganic Chemistry compared with performance in traditional sections. One faculty member is teaching a section of the course in a constructivist manner with students working in teams on guided inquiry activities or discovery-based laboratories. This section meets in three two-hour periods per week, which allows more laboratory time. This section is a CETP-PA reformed course. Three colleagues are teaching other sections of the course in more or less traditional ways using lecture and more prescriptive laboratory work. Student performance in all four sections is measured by scores on 20 questions from the American Chemical Society First-Term General Chemistry exam, which is administered to students as part of their final exam. The Bloomsburg University Study Team began collecting data during the fall 2003 semester and will continue during the spring 2004 semester. 

California University has recently launched a comparative study of mathematics pedagogical content knowledge of elementary education majors who complete content courses designed specifically for elementary education majors versus students who complete mathematics courses taken by students of other majors. Courses designed specifically for elementary education majors are taught in a constructivist manner emphasizing problem solving and Pennsylvania and national standards while courses designed for students of all majors are taught more traditionally. The California University Study Team is investigating differences in students’ understanding of constructivist principles and level of logical thinking. One of the measures the team is using is the Group Assessment for Logical Thinking (GALT).

Two studies are underway in Clarion University. One study is complete. It examined the effects of different teaching methods on university students’ understanding of why mid-latitude locations experience seasons. This topic is covered in a general education physical science course. One group of students was taught in a didactic, lecture-based manner by one professor while another group was taught with an active learning, constructivist lesson plan by a second professor. Pre- and post-test open-ended questions asked students to explain the seasons and to apply their understanding to another situation. Statistically significant improvements in students’ understanding and application of the concept were seen in the group with constructivist instruction, but not in the didactic classes. Researchers are presenting the study at the NARST National Conference in April of this year.

Clarion’s second study examines the abilities of college students to use the science process skills contained in the national and Pennsylvania science standards. The Clarion University Study Team is comparing the process skills of students who have taken a reformed, standards-based general biology course (Biology 115) with those who have taken a more traditional course (Biology 111).  Biology 115 is a CETP-PA reformed course that meets twice weekly using a combination of lecture and small group laboratory activities. Biology 111 is taught in a lecture format twice weekly. Both are general education courses for non-majors. The team is assessing students’ science process skills (such as observing, clarifying, inferring, and predicting) using two written assessments administered at the end of each course – the Science Process Assessment for Middle School Students and the Nature and Implications of Science/Technology. Data collection is underway. Findings will be reported later this year. 

CETP-PA team members at East Stroudsburg University are comparing student understanding of fundamental physics concepts when courses rely on inquiry versus traditional instruction. One faculty member is teaching a section of Fundamental Physics I each fall semester using inquiry-based texts and pedagogy. A colleague is using a more traditional text and content presentation in teaching another section of the course each fall. Both faculty are measuring student content understanding as scores on a 20 multiple-choice item assessment. Faculty constructed the assessment to reflect fundamental physics concepts of highest difficulty to students. The assessment is based, in part, on the Force Concept Inventory. The East Stroudsburg University Study Team is using a pre/post comparison design, assessing students’ prior knowledge at the beginning of the semester course and calculating knowledge gain. 

Edinboro University is planning to study the extent to which prospective elementary teachers completing a new mathematics course sequence that reflects constructivist pedagogy understand more mathematics than those who complete the current sequence. Using the Teaching Elementary School Mathematics assessment developed by the Maryland CETP, the team will begin collecting baseline data as soon as the new course sequence is approved through the university curriculum process. Praxis I scores of students in the current courses will also be compared with scores of students in the new, reform-based sequence. The Edinboro team has a “back up” study plan to use if the new elementary mathematics courses are not approved by the university this spring. If this occurs, the team will examine student performance in an introductory chemistry preparation course for students with weak backgrounds in mathematics or chemistry. This study will document differences in student learning after exposure to various pedagogical styles of professors teaching sections of the course.

Indiana University has completed two content knowledge assessment studies. One looked at differences in quiz performance, attitudes and attendance of students in two lab sections of a non-major biology course where the sections were taught using different teaching styles – traditional and constructivist. The other was a retrospective analysis of test performance of non-science majors enrolled in a two-semester sequence of general biology courses in 1991-1992 when the courses were taught in a traditional manner compared with the test performance of students enrolled in 2001-2002 when the courses were taught in a constructivist manner.

The team’s study of student performance in laboratory sections of a non-major biology course found that students participating in the laboratory section taught in a constructivist manner consistently had higher scores on weekly quizzes than students in the section taught in a traditional manner. Students in the constructivist group also expressed a more positive attitude toward science and its importance and attended the laboratory class more often than did their peers in the traditional group. In a similar vein, the team’s retrospective analysis of test performance of non-science majors enrolled in general biology courses found that students in the 1991-1992 cohort – when the courses were taught in a traditional manner – did not perform as well on a 30-item test as did students in the 2001-2002 cohort – when the courses were taught in a constructivist manner.

Kutztown University CETP-PA faculty are looking at the benefits to prospective teachers who participate in a series of mathematics and science reform courses. Faculty have identified reform-based and traditional mathematics and science courses taken by prospective teachers. The Kutztown University Study Team randomly selected a group of prospective teachers who have participated in at least two reform courses and are comparing their understanding of mathematics and science with a randomly selected group who participated in traditional courses. The team is using two assessments developed by the CETP at Arizona State University (Math and Science Teacher Attitudes, Skills, & Knowledge Surveys) to measure prospective teachers’ understanding of mathematics and science.  Data collection will conclude soon. Initial findings should be available later this year.

Lock Haven University investigated the effects of constructivist pedagogy on student learning and retention in a first-year biology course. A faculty member who teaches reform-based sections of this course introduced various constructivist practices into her teaching. She and her colleagues compared mean grade averages for the course final exam for years before and after she adopted constructivist practices to evaluate increases in student learning, (i.e., a comparison of performance during 1998-2000 with performance during 2001-2002). They also compared retention rates (the number of students who completed the first introductory course and enrolled in the second course in the sequence) before and after the reforms. The team found that the constructivist practices introduced into the first-year biology course in 2001 and 2002 had no statistically significant effect either on student performance on the final exam or on retention rates. 

CETP-PA team members at Millersville State University are studying the impact of reform-based pedagogy on student performance in a general education science course.  The team is comparing student performance in sections of World Ocean taught using a constructivist approach with performance in sections taught in a traditional manner. Because this plan represents a recent change in focus by the Millersville State University Study Team, data collection and analysis plans are incomplete at this time. 

Shippensburg University is evaluating prospective elementary teachers’ content knowledge after completing the CETP-PA-reformed Fundamentals of Math I and II. They have undergone substantial revision and now reflect constructivist pedagogy. The Shippensburg University Study Team is comparing current student performance with that of students who completed the courses before reform. The team is using Praxis scores and grades to measure student performance along with analyses of course syllabi to confirm changes in instruction. The team is also developing instruments with which to survey recent graduates (elementary teachers) about their confidence in teaching mathematics and their teaching styles. Graduates will be asked to submit work products such as lesson plans for a week’s instruction in mathematics. The Shippensburg University Study Team is currently collecting study data and preparing to administer the survey to recent graduates. 

The CETP-PA team at Slippery Rock University has chosen to investigate the relationship between prospective elementary teachers’ understanding of mathematics concepts and pedagogy and the combination of courses they take toward completing the bachelor’s program for elementary education. The team has divided elementary education majors into groups according to the number of mathematics content courses they have taken that were taught in a constructivist manner (i.e., none, one, or two). The content and pedagogical understanding of each group will be measuring using three instruments – The Teaching and Learning of Mathematics from A Study Package for Examining and Tracking Changes in Teachers’ Knowledge, Teaching Elementary School Mathematics (designed by the Maryland CETP), and the University Student Survey. Performance will be compared across groups. The team is currently configuring the groups of students to participate in the study. Data collection is scheduled for later this spring. Findings should be available later this year.

West Chester University has recently launched a study looking at the potential influence of location where prospective teachers take mathematics content courses required for elementary education majors on Praxis PPST exam performance. Team members have collected preliminary data that suggests that elementary education majors who take these courses at West Chester University – where instruction follows the principles of constructivism – perform higher on the mathematics portion of the exam than do majors who take the courses at other institutions. The team is now surveying elementary education majors to identify the institution where they took their mathematics content courses and the nature of instruction in these courses (based on the University Student Survey). Next the team will examine relationships between the nature of instruction in different courses and institutions and Praxis performance. 
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