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From 1996 to 2002, Northeastern State University (NSU) was a part of the NSF funded 
Oklahoma Teacher Education Collaborative (O-TEC).  As a part of that project, several 
mathematics and science courses that are requirements for Elementary Education, Special 
Education, and Early Childhood Education majors were reformed.  One of the science 
courses that was  reformed in 1999 (Science in the Elementary School) is an innovative 
course that teaches science content through inquiry and attempts to help Teacher 
Candidates integrate science content knowledge and knowledge concerning pedagogy 
(Adams, 2002).  The purpose of the course was to help Teacher Candidates to develop the 
skills, science content knowledge, and confidence needed for inquiry based instruction in 
elementary classrooms. Preliminary studies of the reformed course indicate that the 
instruction is inquiry based and results in many Teacher Candidates changing their views 
of themselves as science teachers. 
 
The purpose of this research proposal is to study the long-term effects of this course on 
Elementary Education teachers who took this course and are now teaching in Northeastern 
Oklahoma.  This ambitious study will develop a rubric that can be used to analyze inquiry 
teaching by observing and analyzing Expert Teachers who are effective in teaching science 
using inquiry based methods.  We will then compare the inquiry based instructional skills 
of NSU graduates who had the benefit of the reformed course to the skills of those who 
took the earlier version of the course.  Experiences that may have affected the development 
of inquiry based instruction skills will also be explored through interviews and surveys.  In 
addition, a Nature of Science instrument that can be used to assess the understanding of 
large numbers of participants will be developed and administered to all groups.  The study 
will also result in the development of a CD with video that can be used to train others in 
the use of the inquiry rubric and a CD with video that can be used to teach inquiry based 
instruction skills to in-service and pre-service teachers. 
 
NSU has several characteristics that make it an interesting and feasible site for this type of 
study.  NSU is located in Tahlequah, OK, which is the Capital of the Cherokee Nation.  
Most of the schools in this mostly rural area of Oklahoma are isolated, located in 
economically depressed areas, and include a high proportion of Native American students.  
The Oklahoma State Regents for Higher Education report that during 1992-1996, NSU 
graduated 701 elementary education majors.  In comparison, during the same time period, 
the University of Oklahoma graduated 205 elementary education majors and Oklahoma 
State University graduated 467.  Many of NSU’s students have no desire to leave the area 
after they finish their degrees.  In fact, 70% of the teachers NSU graduates stay in the area.  
This will facilitate finding a large enough sample of teachers for this study.  Members of 



 

48 American Indian tribes are enrolled among Northeastern’s 8,500 students.  NSU 
prepares more Native American teachers than any other university in the United States.  
NSU’s primary educational service and recruitment areas include most of the Cherokee 
Nation’s governmental jurisdiction, two thirds of the Creek Nation’s governmental 
jurisdiction (nine counties), and 25 percent of the Choctaw Nation’s governmental 
jurisdiction (eight counties).   
 
Research Questions 
The following research questions would be addressed in the proposed study: 

• What are the specific skills that Expert Teachers display when conducting effective 
inquiry based instruction? 

• Does a reform based science content course that integrates the teaching of science 
content through inquiry and the teaching science pedagogy skills help develop the 
skills needed for inquiry based instruction? 

• What kinds of experiences and school context factors impact the development of 
the skills needed for inquiry based instruction among Expert Teachers, Early Career 
Teachers, and Teacher Candidates? 

 
Description of the Reformed Course 
This reform based course attempts to address the following National Science Education 
Standards (NRC, 1995) professional development standards: 

Professional Development Standard A: Professional development for teachers of 
science requires learning essential science content through the perspectives and 
methods of inquiry. (p. 59) 
Professional Development Standard B: Professional development for teachers of 
science requires integrating knowledge of science, learning, pedagogy, and 
students; it also requires applying that knowledge to science teaching. (p. 62) 

 
The course utilizes integrated hands-on inquiry, discussion, demonstration, and lecture 
format in which students and instructor are able to move seamlessly from one instructional 
format to another as needed.  Whenever feasible, concepts are taught through guided 
inquiry using hands-on materials.  Discussions and interactions with groups and individual 
students are used to draw attention to important aspects of the inquiry.  The directions to 
inquiries are purposefully ill-defined so that students need to make decisions about 
procedures themselves.  The course also attempts to help students integrate knowledge 
concerning science, learning, pedagogy, and students by providing contexts in which 
integration may occur and providing tasks that require integration of knowledge bases.  
The inquiries not only help students understand science content, but they also provide a 
context for discussions concerning the nature of science, science process skills, how to 
conduct inquiries with children, and the value of inquiry based instruction.  Each unit also 
features a summary of what children think about the science concepts under investigation.  
The primary source for the alternative conceptions research is Children’s Ideas in Science 
(Driver, Guesne, and Tiberghien, 1985).  The inclusion of this research in the course seems 
to be valuable for several reasons. First of all, many of the students hold the same 



 

misconceptions as the children interviewed in these studies. Including the research 
provides a way of bringing these misconceptions to light so that they may be addressed.  In 
addition, it is important for teachers to be aware of how children might interpret their 
experiences so that they will be able to help the children come to a fuller understanding of 
the science concepts.  Addressing the alternative conceptions of children leads to 
meaningful discussions of how cognitive development and everyday experiences can affect 
understanding.  As attention focuses on how to address these alternative conceptions, 
students must draw on their knowledge of science, learning, pedagogy, and children.  
Students also write a science unit plan for a particular grade level that they are planning to 
teach.  The purpose of this assignment is to provide a task that requires students to 
integrate knowledge bases. 

 
Theoretical Framework 
This research attempts to determine if the science content course described above is 
effective in helping to develop the skills required for inquiry based instruction.  We will 
attempt to operationally define these skills by observing Expert Teachers and trying to 
identify and categorize the skills that they display.  We expect that these teachers will in 
fact display pedagogical content knowledge that is specific to inquiry based science 
instruction.  The term “pedagogical content knowledge” (PCK) developed from the work 
of Shulman (1986).  Gess-Newsome (1999) suggests that many models of teacher 
knowledge now exist and that it is useful to compare these models on a continuum between 
two basic model viewpoints, the Integrative Model and the Transformative Model.  The 
Integrative Model sees PCK as not a separate kind of knowledge, but as the act of 
integrating subject matter, pedagogy, and context knowledge bases during the act of 
teaching.  In this model, the teachers draw on these three separate knowledge bases as 
needed.  The Transformative Model lies at the other extreme of the continuum.  This 
model sees PCK is a separate knowledge base that is developed by a synthesis of subject 
matter, pedagogical, and contextual knowledge.  In this model PCK is the only knowledge 
that impacts the act of teaching.  In this research study, we will focus on the 
Transformative Model of PCK.  We will attempt to identify the PCK skills that Expert 
Teachers display when conducting inquiry lessons.  We will also interview the Expert 
Teachers to verify our interpretations of their skills.  After we have developed the Analysis 
of Inquiry Rubric from our observations and interviews, we will ask the Expert Teachers to 
give us feedback on the effectiveness and completeness of the rubric. 
 
Appleton (In press) has developed a model for the development of PCK by elementary 
science teachers.  This model recognizes the contributions that experience and 
communication play in the development of PCK.  The research plan includes opportunities 
to explore some of the experiences that may have affected the development of PCK in our 
Teacher Candidates.  Appleton includes the following skills in his model: content 
knowledge, knowledge of students, general pedagogy knowledge, existing science PCK, 
PCK from other subjects, experiential PCK, and communicated science PCK.  In addition, 
he includes other factors such as: orientation to learning and teaching, confidence, and 
context factors (e.g. curriculum, resources, assessment, classroom management, 



 

environment, and multiculturalism.)  Similarly, Chiappetta & Adams (2000) found that 
experienced teacher perceived that barriers to inquiry teaching included context factors 
such as lack of resources, lack of time, and pressure to teach content.  We agree that 
context factors will affect the development of PCK.  That is why we are interested in 
looking into the effect of experience and school context factors on the development of 
inquiry based instruction skills.  We will explore these factors in the interviews with 
Expert Teachers and NSU graduates.  However, we will be focusing on skills that are 
primarily observable in this study.  We anticipate that the following skills will be needed 
for effective inquiry based instruction: knowledge concerning 1) science process skills, 2) 
the nature of science and scientific explanations, 3) science laboratory safety, 4) 
management of time, students, and materials during laboratory group work, 5) 
communication skills including representations of data, 6) data analysis methods, 7) 
science content, 8) arrangement of physical facilities, and 9) how students learn (for 
example: accessing prior knowledge, accessing all learning styles, monitoring and 
adjusting instruction, asking effective questions).  However, this list will probably be 
modified after our observations of Expert Teachers and the development of the Analysis of 
Inquiry Rubric. 
 
Work Plan 
Spring 2005.  Teachers in our newly developed M.Ed. in Science Education program will 
be recruited to be Graduate Assistants for the project, and we will begin to recruit Expert 
Teachers.  We anticipate that the Graduate Assistants will benefit from participation in the 
project because they should learn a great deal about effective inquiry based instruction and 
that the Expert Teachers may benefit from the reflection on their own practice that will 
result from participation in the study. 
Summer 2005.  We will focus on the development of research instruments including the 
Expert Teacher Questionnaire that will document background information, teaching 
philosophy, view on inquiry based instruction and their perception of their administration 
and a Nature of Science Questionnaire (NOS) that will document understanding of the 
Nature of Science.  (The development of this instrument was begun spring 2004 and will 
field tested in summer 2005 and fall 2005.)  In addition, preliminary work will be done on 
developing the Analysis of Inquiry Rubric which will be used to analyze the inquiry based 
instruction skills displayed by teachers in videotaped lessons, an Administrator Survey that 
documents the administrators’ understanding of science instruction, including inquiry 
based instruction, and preliminary interview questions for Expert Teachers.  We will also 
finish recruiting Expert Teachers and begin to locate former NSU graduates who are now 
teaching in the schools within NSU’s service area (approximately 13 counties in 
Northeastern Oklahoma.)  We will try to find schools with 1st-8th grade teachers who 
received their degrees at NSU within the last six years.  We will are looking in particular 
for schools that have teachers who took the reformed course and teachers who did not take 
the reformed course.  Ideally, we would find at least one teacher who had the reformed 
course and one teacher who did not at each school site.  Note that most of the rural schools 
in our area of Oklahoma are K-8 schools and that in Oklahoma Elementary Education 
licensure certifies teachers for grades 1-8.  Most 6th –8th grade teachers in rural schools 



 

hold Elementary Education certification.  They may teach science without additional 
course requirements or a science content certification test. 
Fall 2005.  Ten Expert Teachers will be videotaped conducting inquiry lessons of their 
choosing.  We will also administer the Expert Teachers Questionnaire and NOS 
Questionnaire to the Expert Teachers.  After viewing the lessons and analyzing the 
questionnaires, we will conduct structured interviews with them.  The videos and other 
data sources will be used to help develop the Inquiry Analysis Rubric and interview 
questions for NSU graduates and NSU Teacher Candidates who are doing their final 
internship.  We will also continue to locate NSU graduates. 
Spring 2006.  The Administrator Survey will be finalized based on Expert Teacher data 
and will be given to the principals of Expert Teachers.  A background survey and the NOS 
survey will be given to NSU graduates and NSU Teacher Candidates who expect to do 
their final internship in the fall.  The NSU graduates will also be interviewed. 
Summer 2006.  The Expert Teachers will give feedback on the Analysis of Inquiry Rubric. 
The data concerning the Expert Teachers will be analyzed and the Analysis of Inquiry 
Rubric will be finalized.  Presentation proposals will be prepared for the National 
Association for Research in Science Teaching (NARST) and the Association for the 
Education of Teachers in Science (AETS) concerning the development of the Analysis of 
Inquiry Rubric and the results of Expert Teacher and Administrator Questionnaires 
respectively.  NSU graduates will be selected for videotaping and their consent will be 
requested.  NSU Teacher Candidates who expect to do their final internships in the fall will 
be selected for observation. 
Fall 2006.  University supervisors of intern teachers will be trained in the use of the 
Analysis of Inquiry Rubric.  Fifteen NSU graduates will be videotaped and interviewed 
about their videotaped lesson.  The Administrators’ Survey will be given to the principals 
of NSU graduates.  University supervisors will observe NSU final interns and evaluate 
their teaching using the Analysis of Inquiry Rubric. 
Spring 2007.  Fifteen NSU graduates will be videotaped and interviewed about their 
videotaped lesson.  The Administrators’ Survey will be given to the principals of NSU 
graduates. 
Summer 2007.  Videotaped lessons and other data sources concerning the 30 NSU 
graduates will be analyzed.  The videotaped lessons will be analyzed using the Analysis of 
Inquiry Rubric.  Data sources will be triangulated. 
Fall 2007.  Videotaped lessons and other data sources concerning the 30 NSU graduates 
will be analyzed.  The videotaped lessons will be analyzed using the Analysis of Inquiry 
Rubric.  Data sources will be triangulated.  A CD that contains video of inquiry lessons 
that can be used to train others to use the Inquiry Analysis Rubric will be prepared.  A CD 
that contains video of inquiry lessons that can be used to teach inquiry skills to Teacher 
Candidates will be prepared. 
Spring 2008.  Findings will be summarized for dissemination.  A program evaluation and 
recommendations for the NSU College of Education Assessment Committee concerning 
the ability of NSU Elementary Education graduates to teach science using inquiry methods 
will be prepared.  A report making recommendations concerning teacher preparation to the 
Oklahoma Commission on Teacher Preparation will be prepared.  Journal articles that 



 

document our findings concerning the skills required for inquiry based instruction; the 
skills that were taught through the reformed science content course; and how experience 
and context factors affect the use and development of inquiry skills will be prepared and 
submitted for publication. 
 
Personnel 
The PI (A. Adams) and the Co-PI (M. Macklin) are faculty members of the NSU College of 
Math, Science, and Nursing in the Departments of Engineering Physics and Physical 
Science and the Department of Biology respectively.  Both teach science content courses 
and have been involved in the reform of those courses so that they meet the NSES.  They 
have collaborated on a research project concerning the Nature of Science (Adams & 
Macklin, 2004) and have been PI and Co-PI on a Teacher Enhancement Grant.  A. Adams a 
member of the Editorial Board of the Journal for Research in Science Teaching (2002-
present) and regularly attends and presents at the NARST and the AETS.  R. Cambiano is 
a faculty member of the NSU College of Education in the Department of Educational 
Foundations and Leadership.  Her undergraduate degree is in Biology.  She has served as 
an evaluator for several funded programs including the Native Scholars Program and the 
Freshman Learning Styles Program and is Chair of the NSU Teacher Education 
Assessment Committee which is charged with conducting evaluative research concerning 
the effectiveness of the NSU Teacher Preparation Programs. 
 
Incentives for Participation 
As an incentive for participation, Expert Teachers and NSU graduates who are selected to 
be videotaped will be offered a $100 voucher at a science education supply company so 
that they may purchase science materials for their classroom. 
 
Dissemination Plans 
The results of the project will be disseminated through national presentations (NARST and 
AETS) conferences and articles in science education journals.  Products of the research 
will include a Nature of Science instrument that can be used to collect data from large 
numbers of participants and the Inquiry Analysis Rubric that can be used to evaluate the 
inquiry based instruct skills displayed by teachers while teaching an inquiry lesson.  In 
addition, we will prepare a CD that contains video of inquiry lessons that can be used to 
train others to use the Inquiry Analysis Rubric and a CD that contains video of inquiry 
lessons that can be used to teach inquiry skills to Teacher Candidates.  The CD’s will be 
made available through presentations at NARST and AETS conferences and by request.  
Further, the project should promote inquiry based instruction among those teachers who 
participate as Graduate Assistants or as Expert Teachers as they come to better understand 
the nature of inquiry based instruction through their participation in this research project.  
The project will attempt to affect policy decisions concerning teacher preparation here at 
NSU and throughout Oklahoma by preparing a report documenting our findings for the 
NSU Teacher Education Assessment and for the Oklahoma Commission on Teacher 
Preparation.  Finally, our findings concerning administrative factors that promote inquiry 
based instruction will be prepared for the Oklahoma State Department of Education. 


