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The purpose of this whitepaper is to outline some potential research strategies and raise some issues for investigating mathematical pedagogical content knowledge (math PCK) pertaining to the jointly delivered Master’s Program in Mathematics Teaching.  Plans for investigating math PCK in the Mathematics Teacher Leadership Program will be developed at a different time. The following research goal and questions from the proposal pertain to the investigation of math PCK in the Math TLC’s master’s program:
Research Goal 1. Advance knowledge about the content and impact of professional development of mathematics teachers by researching pedagogical content knowledge among Math TLC participants (teachers and university teacher-educators.
Question 1.1. Teacher Change. What pedagogical content knowledge do teachers and teacher-educators have at start and end of each year of participation in the Math TLC project?
Question 1.2. Instructional Content. What pedagogical content knowledge components are addressed in Math TLC courses and activities?
Question 1.4. Instructional Format. How do changes in PCK correlate with aspects of Math TLC participation? 

 1.4.a. Teacher and university teacher-educator participation in technologically rich instructional environments (e.g., online courses and workshops during academic year, distance delivered summer master’s courses), 

1.4.b. Teacher in summer-intensive experiences, 

1.4.c. Teacher participation in laboratory leadership experiences (e.g., within master’s classes, school/district in-service day workshops) 

The methods of collecting and analyzing data for math PCK will be as indicated in the proposal.  Specifically, Math TLC researchers rely on mixed-methods approaches using existing qualitative and quantitative instruments. In some cases, appropriate instrument modifications may be made (accompanied by evaluation of reliability, confirmability, and validity).  For the data collection pertaining to math PCK, data are collected in four of the five proposed categories:
1) Pre-participation and post-participation survey. 

2) Interviews of individuals or focus groups. 

3) Observations, video-recorded where possible. 

5)
Artifacts and documents (e.g., lesson plans, lesson experiment, student work)
The participants for the research on math PCK initially will be teachers and university teacher-educators with cohorts of teacher-leaders to join in spring 2010.  Unless otherwise distinguished, teachers are those selected in the Math TLC master’s program as well as their non-Math TLC peers selected through snowball sampling of Math TLC participants; university teacher-educators are mathematicians and mathematics educators who are directly involved in the facilitation of courses in the Math TLC master’s program.

Methods for Question 1.1

Teachers

Data collection from teachers will involve the following: pre-participation and post-participation survey, interviews of individuals, observations, and artifacts and documents.  
During spring 2009, the research team will administer a pre-participation survey, conduct one-on-one interviews, make observations, and collect artifacts of classroom practice with the intent to gather, among other information, information on math PCK. First, the research team will administer a survey of math PCK that will collect data on curricular content knowledge, syntactic knowledge, and anticipatory knowledge (see Hauk for details). Issues of reliability and validity will need to be verified for quantitative aspects of the survey.  Second, the teachers will be interviewed using protocols that involve math PCK (Hauk et al., 2007). Third, the research team will observe classroom practice using the Horizon Research (2000) rubrics involving math PCK. Fourth, teachers will be asked to share a lesson plan of best practice.
During spring 2010, the research team will administer a post-participation survey (acting as a first-year post participation survey and a second year pre-participation survey), conduct one-on-one interviews, make observations, and collect artifacts of classroom practice.  Each of these will be similar to the pre-participation data collection practices with the exception of the artifacts. During spring 2010, Math TCL teachers will be involved in an MED course involving lesson experiment, which will be the source of the artifacts of practice.  Teachers not in the Math TLC will again be asked to share a lesson plan of best practice developed during the previous academic year.
During fall 2010, teachers will again be involved in an MED course involving lesson experiment, which will be the source of the artifacts of practice.

During spring 2011, the research team will administer the post-participation survey, conduct one-on-one interviews, make observations, and collect artifacts of classroom practice.  Each of these will be similar to the previous data collection practices with the exception of the artifacts. During spring 2011, Math TCL teachers will be involved not only in an MED course involving lesson experiment but also will be completing their action research project (although this may occur in summer 2011).

Both lesson experiment artifacts and action research project will be sources of the artifacts of practice.  Again, comparison teachers not in the Math TLC will be asked to share a lesson plan of best practice developed during the previous academic year.

University Teacher-educators

Data collection from university teacher-educators will involve the following: pre-participation and post-participation survey, interviews of individuals, observations, and artifacts and documents.  Details of this data collection plan need to be fleshed out.  Regarding the pre and post surveys: Do we want to collect these data?  Is there a math PCK instrument for university teacher-educators?  Can we adapt the one we use for the teachers?  Regarding the individual interviews: Is there a problem using the protocol developed by Hauk et al. (2007)?  Regarding the observations: Is there a problem using the Horizon Research (2000) rubric?  How will the rubric need to be adjusted for streaming delivery of content?  How will we measure math PCK for on-line only delivery?  Regarding artifacts and documents: My vision is that university teacher-educators will be involved in lesson experiments in all the courses they deliver.  These can be artifacts obtained in summer 2009, fall 2009, and spring 2010.  University teacher-educators will need to submit evidence of best practice in spring 2009 as pre-participation data.
Methods for Question 1.2
In many respects, the answer to this question is contained in the answer to question 1.1.  In particular, data collection from observations and artifacts and documents obtained from the university teacher-educators will help answer this question.  Issues raised above regarding the observations and artifact collection need to be addressed for this aspect of the research.

Methods for Question 1.4

I think methods for addressing this question need to be discussed.  Isolating particular aspects of the Math TLC that foster changes in math PCK may be difficult.  For teachers in the Math TLC: what data will need to be collected prior to and immediately after the summer-intensive experiences (to address 1.4a and 1.4b and 1.4c)?  What data will need to be collected prior to and immediately after the online courses during the academic year (to address 1.4a)?  For university teacher-educators: Is it sufficient to collect the data that answers question 1.1 to answer this question?  Are these multiple data collection attempts burdensome on participants?  What data collection will need to be done with non Math TLC teachers for comparison?
Research Design

For each of these research questions, a mixed methods, embedded design (Creswell, 2008) will be employed as qualitative and quantitative data are collected simultaneously. For these research questions, quantitative data will be used to support the findings of qualitative data.  Grounded theory methods will be used to analyze the qualitative data.  Appropriate statistical analyses will be used for quantitative data, including descriptive statistics and inferential statistical analyses comparing Math TLC and non Math TLC teachers’ knowledge and practice of math PCK.
Appendix

Excerpts from the NSF MSP Proposal (pp. 10-11)

Research Goal 1. Advance knowledge about the content and impact of professional development of mathematics teachers by researching the mathematical understandings, pedagogical content knowledge, and practices among Math TLC participants (teachers, teacher-leaders, and university teacher-educators), as well as the achievement of K-12 students. 

Question 1.1. Teacher Change. What mathematical understandings, pedagogical content knowledge, and teaching practices do teachers, teacher-leaders, and teacher-educators have at start and end of each year of participation in the Math TLC project?

Question 1.2. Instructional Content. What mathematical and pedagogical content knowledge components are addressed in Math TLC courses and activities?

Question 1.4. Instructional Format. How do changes in mathematical understanding, PCK, practices, and K-12 student achievement correlate with aspects of Math TLC participation? 

 1.4.a. Teacher, teacher-leader, and university teacher-educator participation in technologically rich instructional environments (e.g., online courses and workshops during academic year, distance delivered summer master’s courses), 

1.4.b. Teacher and teacher-leader participation in summer-intensive experiences, 

1.4.c. Teacher and teacher-leader participation in laboratory leadership experiences (e.g., within master’s classes, school/district in-service day workshops) 

1.4.d. Teacher-leader and university teacher-educator participation in Math TLC retreats.Methods. In addressing these questions, Math TLC researchers rely on mixed-methods approaches using existing qualitative and quantitative instruments. In some cases, appropriate instrument modifications may be made (accompanied by evaluation of reliability, confirmability, and validity). 

Methods. In addressing these questions, Math TLC researchers rely on mixed-methods approaches using existing qualitative and quantitative instruments. In some cases, appropriate instrument modifications may be made (accompanied by evaluation of reliability, confirmability, and validity). 

Data Collection. In each case, data is collected in five categories using appropriate Institutional Review Board approved consent/assent (also see Supplemental Documents – Evaluation Plan): 

1) Pre-participation and post-participation survey. 

2) Interviews of individuals or focus groups. 

3) Observations, video-recorded where possible. 

4) Student achievement data (K-12, undergraduate, and master’s, as appropriate)   

5) Artifacts and documents (e.g., lesson plans, lesson experiment, student work) 

Instrumentation. Intended use of existing instruments and protocols we have identified (most from MSPnet and Horizon Research sources; also see Supplemental Documents – Evaluation Plan):

1) Surveys on received and enacted curriculum completed by teacher participants and university teacher-educators (Wisconsin Center for Education Research, 2003).

2) Individual and focus group interview protocols already developed and validated under state-funded MSP work at UNCo (Hauk, Deon, Judd, Kreps, & Novak, 2007).

3) Coding rubrics for use in observations to capture the content and quality of mathematics instruction (Horizon Research, 2000; Learning Mathematics for Teaching Project, 2006).

4) Student scores provided by partner districts and schools on state standardized tests along with copies of in-class assessments (school students, master’s students, teacher-leaders).

5) Math TLC participants: pre-participation documents include application materials from master’s, teacher-leader, and post-doc candidates (transcripts, application essays, application interviews, emails). Post-participation documents include: In-class assessments, written reflections, master’s students’ Action Research Project reports, teacher leaders’ Portfolios, post-doc Dossiers (Campbell et al., 2006).

MSP Institute Core Questions (p. 4)

What are the unique aspects of teaching STEM online that must be addressed to ensure meaningful learning for 7th to 12th grade teachers?
MSP Institute Core Questions (p. 14)

Q4: In what ways will the planned Teacher Institute enhance teachers’ content knowledge and pedagogical skills to reach all students?  To reach those who are traditionally underserved in mathematics/science and those who are mathematically gifted?
The focus on culturally responsive teaching in the programs provides a foundation for teachers to reach all students.  Teachers will experience mathematics from different cultural perspectives and learn how to identify and incorporate such perspectives in their own teaching.  Students from underserved populations will be given multiple perspectives from which to view mathematics including ones that appeal to their own experiences of community and culture.  Math TLC programs will also provide teachers the opportunity to develop a deeper understanding of concepts central to the discipline; concepts that reoccur in mathematics and provide for a more comprehensive view of the subject.  A deep understanding of central concepts is the most powerful tool a teacher can have in working with the mathematically gifted.  It instills in the teacher the confidence to let students explore open-ended problems, make and test conjectures, and discover mathematics.  All students need these opportunities but a teacher comfortable with these approaches is more likely to differentiate instruction and challenge gifted students in the moment instead of needing to have something prepared ahead of time.  

MSP Institute Core Questions (pp. 21-22)

Q1: Please provide a plan by which baseline date will be collected after teacher participants have been selected, including a description of any instruments/metrics to be used. 

Baseline data will be collected to document teacher qualification.  Some of this information will be collected from all applicants as part of the application form.  Specifically, the application form will include questions about degrees held and when received, teaching in or out of certification field, how long the applicant has been teaching.  Those accepted into the program will be asked to provide transcripts for additional information about teacher training and degrees such as math grade point average and nature and number of mathematics and mathematics education courses taken.

Once participants are accepted, we will collect baseline student data for students of the participants. In particular, we will collect student achievement data from sources already in places such as state mandated test (CSAP-Colorado, PAWS-Wyoming) or test used by local districts (such as NWEA).  For participants in the teacher leader program, student achievement data will be collected for all students from the school the teacher is in as well as data on course enrollment and completion rates, college matriculation rates.  Other baseline data will be collected for purposes of evaluation.  Additional questions will be asked on the application form.

Additional baseline data will be collected as part of the research and evaluation plan.  In particular, as part of the internal evaluation and research, a question on cultural competence (see definition in Proposal, pg 3) will be included as part of the application form; as part of the external evaluation, Dr. Shaw, the external evaluator will administer an online survey on cultural competence (based on materials available from the Center for Culturally Responsive Teaching and Learning (culturallyresponsive.org). To track changes in cultural competence over participants’ involvement in the program, there will be two assignments a year (about every six months) in mathematics education master’s classes and teacher leadership classes addressing issues of cultural competence.  These assignments will become part of the data for the internal evaluation/research program.  In addition, teachers in the masters program will be asked to address how the innovation (a lesson or pedagogical strategy) they are studying as part of their Action Research Project will reach all students.  Similarly in the Teacher Leader program, teachers will be asked to document their cultural competence in their work with students and other teachers in their Portfolio.  At the completion of their program, all teachers will be asked to again complete the cultural competence survey administered by the external evaluator.

We will collect additional baseline data on teacher participants.  To measure changes in content knowledge and pedagogical content knowledge, we will administer a pre-test on the first day of each summer class composed of standardized items for ETS content and pedagogy exams.  We administer the post-test at an appropriate designated time towards the end of each cohort’s program.   We will conduct in-the-classroom observations of a random sample of teacher participants (using Horizon Research protocols augmented by culturally responsive teaching items).  To measure the influence of teacher leaders on a school, we will conduct interviews (focus group or one-on-one) of principals of schools from which teacher leaders are chosen.  We will make use of structures already in place, such as leadership meetings in districts, to conduct focus groups and rely on cyber-infrastructure (telephone calls, video conferencing) for interviews with principals at rural sites.  We will also ask principals to complete the web-based cultural competence survey.
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