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CHAPTER 3

METHODOLOGY

Introduction

This was a qualitative study to learn what changes occur in science teachers’ views of the nature of science and scientific inquiry from participating in astronomical research. In this study, I attempted to learn about two questions: (a) How does participation on a scientific research team change science teachers’ views of the nature of science and scientific inquiry? (b) What other changes occur to science teachers from participating on a scientific research team?
During the summer of 2002, I conducted an astronomy research project for science teachers. This project also included explicit/reflective teaching about the nature of science and scientific inquiry. Because I am staff astronomer in the Department of Physics and Astronomy and a Ph.D. student in science education, I combined the two roles into one, instead of having a separate scientist and educator, as was the case in previous apprenticeship programs (Hahn & Gilmer, 2000; Melear, 2000b). I wanted to form these teachers into an astronomical research team that I assembled and directed. Participant teachers became astronomical research teams, and under my guidance they made measurements of the separations and position angles of several neglected visual binary stars listed in the Washington Double Star Catalog of the U.S. Naval Observatory. The teachers did this work at two research sites. One was located on the university campus in Atlanta, and the other was at Hard Labor Creek Observatory, which is located approximately 50 miles east of Atlanta. At the end of the summer, the teachers presented their research results to the astronomy faculty and graduate students at Georgia State University. After these presentations, their written astronomy research papers were submitted to the USNO.  To investigate the effects of this scientific research on teachers, I conducted a qualitative study using interviews, participants’ written responses to 

open- ended questions about the nature of science and science inquiry, reflective writings of the participants to electronically posted questions, participant artifacts, and participant observations. 

Selection of Participants

The project was intended for Master’s-level preservice teachers who are part of the Teacher Education Environments in Mathematics and Science (TEEMS) program at GSU. These teachers have Bachelor’s Degrees in a science field, such as biology, chemistry, or physics. However, a few had non-science degrees. Since graduation, most of these students have been in the work force for a year or more. Now they have decided to return to school to become science teachers. During a pilot program (Wilson, 2002; Wilson & Lucy, 2002) of The Binary Star Project, word spread of my intentions to do authentic astronomical research for the USNO with teachers. Consequently, students outside the TEEMS program also wanted to participate. Even though I had intended the study to be for preservice teachers, other science education graduate students wanted to participate in this astronomical research program. As it turned out, only one of the seven participants was from the TEEMS program. The other six were traditional in-service teachers working on science education M.Ed. and Ph.D. programs in the College of Education. All the participants in The Binary Star Project were enrolled in a special Directed Studies course created for them. Therefore, I selected a sample of convenience.

The Participants

When the project started the number of participants grew to eleven, but because of various conflicts in scheduling the number dropped to seven. Because of the participants’ other course work, scheduling regular meeting times for my course became problematic. To solve this issue, I agreed to meet these seven at two different times. One meeting time was on Monday and Wednesday afternoons and the other meeting time was on Tuesday and Thursday afternoons. One advantage to this arrangement was that it allowed me to meet with smaller numbers of participants each time. The disadvantage was that I had to be careful to treat both meeting times similarly. After this was arranged, the following teachers became participants The Binary Star Project. The names used are pseudonyms to protect the confidentiality of the participants.

Owen, who has a B.S. degree in chemistry, was currently working on an M.Ed. degree in science education. At the same time he was doing this binary star research, he was enrolled in an introductory astronomy class as part of his M.Ed. program. He had 3 years of teaching experience and currently teaches 9th grade biology, 11th grade environmental science, and 12th grade applied environmental science for a suburban high school. 

Barbara has a B.S. degree in biology, and she was working on an M.Ed. in secondary science education and a teaching certification as part of the TEEMS program. She was also taking an introductory astronomy course during this same summer semester. Her only teaching experience was her student teaching internship for the TEEMS program and substitute teaching for 5 years prior to her TEEMS program. She was starting her first fulltime teaching job in August and was expecting to teach 8th grade physical science. 

Allen had a B.I.S. degree with an emphasis in physics and was working on an M.Ed. degree in science education. During this summer he was concurrently enrolled in two different introductory astronomy classes while he was working on the binary star project. He had 2 years of teaching experience as 9th through 12th grade physical science and physics teacher at a suburban high school.

Frank had a B.S. degree in biology, an M.Ed. in curriculum and instruction, and an M.A. degree in science teaching. He was currently working on a Ph.D. in science education. During his M.Ed. degree program he had taken one introductory astronomy class. He had 23 years of teaching experience and at the present time he was teaching 10th through 12th grade chemistry and physics class at a suburban high school. He claims that he has never done any scientific research during any of his degree programs.

Gene had a B.S. degree in pastoral studies and an M.Ed. degree for middle grades education with concentrations in science and social science. This was his first semester in a Ph.D. degree program in science education. He had never taken any astronomy classes before and he was not enrolled in any other astronomy courses during the summer. He had 9 years of teaching experience and was currently teaching 8th grade earth science at a suburban middle school His only experience with astronomy was that he had taught it as part of his job as an 8th grade earth science class. He considered himself a complete novice in astronomy and was looking forward to learning more astronomy by participating in the binary star research. Throughout the summer he loved to engage in philosophical discussions about astronomy and religion.

Karen had a B.S. degree in zoology and an M.S.Ed. degree in science and social studies. She was currently working on her Ph.D. degree in science education. As part of this program she had previously taken one introductory astronomy class. She had 9 years of teaching experience and was currently teaching 6th grade science, social studies, and reading at a urban middle school.

Martha had an A.A. degree in elementary education, a B.A. degree in elementary education, a M.Ed. degree in elementary education, and an Ed.S. degree in middle grade science education. She was also currently working on a Ph.D. in science education. During her Ed.S. program she had taken two introductory astronomy courses. She was an 8th grade reading teacher and also a 6th and 7th grade physical science, life science, and language arts teacher at a suburban middle school.

Research Sites and Management

There were two research sites for this project, one at Hard Labor Creek Observatory (HLCO) and the other on the GSU campus. The evening observing was done at Hard Labor Creek Observatory, which is operated by GSU. The observatory was used once or twice per week for approximately five weeks, depending upon weather conditions. Because of the weather, observations had to be more spontaneous in nature than the daytime meetings on campus. I tried to schedule observations for Thursday evenings, but these were routinely clouded out. So, to take advantage of clear nights I would send out e-mail to all the participants and tell them when I was going out to HLCO and they could come out and observe.

During the day I regularly met the participants at scheduled meeting times on the GSU campus for group discussions and data analysis. This location provided access to one small conference room, one large conference room, and the astronomy research labs where most of the graduate students regularly do their research. These rooms are along the inside wall of two long hallways with the faculty offices along the outside wall. My office is near the front entrance to the office suite and was regularly used throughout this project by the participants as an additional research area. The astronomy research area contains several computers with either Linux or Windows operating systems. As the teachers began to work on their data, they had some interactions with the astronomy graduate students and faculty. 

Observations were made on clear evenings at Hard Labor Creek Observatory (HLCO). The observatory is a modest astronomical research facility for GSU astronomers. It is located in a clearing at the top of a small hill within a state park, approximately 50 miles east of the GSU campus. The observatory has a split-block exterior and contains two 16-inch telescopes housed in separate domes, which are connected by a rectangular building. The west dome contains a 16-inch Meade, Schmidt Cassegrain telescope, which is mainly used for public viewing. The east dome houses a Bollar and Chivens (B&C) 16-inch Cassegrain telescope. This particular telescope is on permanent loan to GSU from the National Science Foundation and was moved to Georgia in 1986 from Kitt Peak National Observatory in Tucson, AZ. During the summer of 2002, this telescope was equipped with an Apogee AP-7 CCD (charge-coupled devise) camera that has a 512x512 array of pixels. It was this telescope and camera that was used by the teachers to take images of binary stars. Between the two telescope domes the observatory building contains a kitchen, bedroom, electronics room, darkroom, bathroom, and a control room for the Multi-Telescope Telescope (MTT). The MTT is housed in a roll-off shed in the observatory’s backyard. This telescope has a unique optical design. It is composed of nine 13-inch mirrors that feed a spectrograph in the control room via fiber optics. Stored in the hallway outside the MTT control room are two 12.5-inch Newtonian telescopes with Dobsonian mountings. These are typical amateur astronomy telescopes, which are used in the observatory’s front yard during public nights. It is these two telescopes that the teachers used to make their first telescopic observations of the night sky. After they had successfully used these telescopes to make a simple set of binary star observations, I moved the teachers into the east dome to begin taking binary star images using the B&C 16-inch and AP-7 CCD camera.  

Data Sources 

Numerous data sources were used during the Binary Star Projects. As shown in Table 1 these data sources included a demographic survey, the VNOS/VOSI-ASTR questionnaire with follow-up interviews, weekly questions, concept maps, participant artifacts, and my own field notes. The following subsections describe each of the data sources used as part of The Binary Star Project.

Demographic Survey

Each participant completed a short demographic survey so I could find out about each participant’s background (see Appendix B). I wanted to learn whether they were 

Table 1 

Data Sources used during The Binary Star Project.
	Data Source
	Description

	Demographic Survey


	Hand written responses to questions.



	VNOS/VOSI-ASTR Questionnaire
	Pre: hand written responses,

Post: Electronic responses.

	Interviews


	Pre: Audio taped and transcribed,

Post: Audio taped and transcribed

	Weekly Questions
	Emailed questions and responses.

	Concept Maps
	Pre: hand drawn

Post: hand drawn

	Participant Artifacts
	Research teams hand written scientific journals,

Team poster presentations,

Team written reports to USNO.

	Field Observations
	Electronic journal of my observations,

Audio tapes of in class meetings and HLCO observations,

Photographic journal


preservice or in-service teachers, what grade levels and subjects they taught or expect to teach, their educational background, and any astronomical background they might already have.

VNOS/VOSI-ASTR Questionnaire

An open-ended questionnaire was used to assess each participant’s knowledge of NOS and SI. This questionnaire was based on instruments previously developed by Lederman (Lederman et al., 2001; Schwartz et al., 2001), Views of the Nature of Science (VNOS) and Views of Scientific Inquiry (VOSI). I changed some of the questions to give the instrument a more astronomical flavor and renamed it VNOS/VOSI-ASTR (Appendix C). Because the participants in the Binary Star Project were doing scientific inquiry, the VNOS/VOSI-ASTR questionnaire used all of the VOSI questions and a few selected VNOS questions. There were eight modified VOSI questions (Schwartz et al. 2001) and four modified VNOS questions (Lederman et al., 2002) that came form the various VNOS versions (VNOS-A, VNOS-B, etc.). At the end of each of my questions, I have placed in parentheses the original VNOS and VOSI sources from which the questions were taken. 
Interviews

Individual follow up interviews (Appendix D) were done after each administration of the questionnaire. Participants written answers to the VNOS/VOSI-ASTR questionnaire were used to guide these interviews. All interviews were audio taped and transcribed. The transcriptions were sent to their respective participants to allow them to check the transcriptions for validity. 
Weekly Questions

Every week the participants were e-mailed a set of questions. Some of these questions were about things I wanted to know and some were reflective questions about the nature of science (NOS) and scientific inquiry (SI) and how these two topics were related to the binary star activities and in-class discussions that had been recently completed. 
Concept Maps

Participants made preparticipation and postparticipation concept maps on the topic of binary stars and on the topics of NOS and SI.  For the preparticipation maps, I handed out a piece of paper with the main topic written in an oval at the top of the page. There was nothing else provided. For the postparticipation maps, I did not provide anything to the participants. They completed these in any way they wanted.

Participant Artifacts
Throughout this project the teachers created several additional artifacts.  These included a lab report, several CCD images of binary stars, team scientific journals, data tables, graphs, e-mail communications, poster presentations, and the written reports mailed to USNO. Each teacher wrote individual lab reports, but the lab was completed in small groups of two or three.  The individual research teams, which were composed of two or three participants, produced all other artifacts. These artifacts were collected as part of the data for The Binary Star Project.

Field Notes

During all parts of this research, I made field observations of the participants. As a participant observer during this project, I mentally made field notes. These notes were transferred into an electronic journal as soon as possible after the observations were made. Audiotapes were made during most in class activities and outdoor observations done at HLCO. To supplement my field notes, I made a photo journal of the participants as they progressed through the project.

Data Collection

The data collection process is described in the subsections that follow. The data collected for each participant was kept in separate electronic and paper file folders. These portfolios were used to create individual profiles of each participant. Table 2 lists the 

Table 2

Data Collection Timeline
	Data Source
	Time Frame

	Demographic Survey


	Collected in hand written form on first day of class.

	Pre VNOS/VOSI-ASTR questionnaire
	Collected in hand written form on first day of class.

	Pre concept maps on NOS & SI, and Binary Stars


	Collected in hand drawn form on the second day of class.

	Observing Double Stars lab report


	Collected in hand written form on the third day of class

	Pre VNOS/VOSI-ASTR follow-up interviews
	Audio taped during first three weeks of summer term.

	Weekly questions


	Questions e-mailed at the end of each week and responses electronically collected at the beginning of the following week.

	Field Observations
	Collected at every meeting with participants from the first day of class to the final follow-up interviews.

	Poster presentations
	Posters were collected the last day of class following presentations.

	Written reports for USNO
	Collected in typed paper form after each poster presentation on the last day of class.

	Post concept maps
	Collected in hand drawn form on the last day of class and during the week following the poster presentations.

	Post VNOS/VOSI-ASTR questionnaire
	Collected electronically during the week after the last day of class.

	Post follow-up interviews
	Audio taped during the fall and early winter of 2002/2004.


basic information of how and when each data source was collected. The first column is the list of data sources, and the second column is a description of how each data source was collected and the time period over which it was collected.

Demographic Survey
On the first class meeting the participants completed the demographic survey (Appendix B). The survey was handed out on a single page and the participants completed it by hand with pen or pencil. This was done simply to gather information about each participant’s background.
VNOS/VOSI-ASTR Questionnaire 
The VNOS/VOSI-ASTR instrument (Appendix C) was completed by the participants during the first on campus meeting. So that the participants would not feel restrained by the space between each question, the questionnaire was expanded so that each question was at the top of a new page. The parentheses showing the origin of each question were removed before administering the instrument. This data was collected in pen and pencil form and was later entered into an electronic format to make data analysis easier.

The postparticipation administration of the VNOS/VOSI-ASTR was done somewhat differently. Similar to the preparticipation version each question was on a

separate page and the source references were removed. However, after trying to read and transcribe the first set of hand written responses, I decided to collect the postparticipation responses in electronic form. Therefore, the instrument was sent to the participants as an e-mail attachment and their responses were collected electronically. This was done for three reasons. First, there was very little time available to collect this data during regularly scheduled meeting times. At the end of the summer the participants were busy completing analysis of their astronomy data and writing scientific reports and poster papers. Second most of the participants had to attend first of the year school meetings at their jobs during the last week of The Binary Star Project, which further limited their time at GSU. This also eliminated the need for me to transcribe hand written responses into an electronic form for data analysis.
Follow-up Interviews

All participants were interviewed at the beginning and end of the summer. Preparticipation interviews were done in the first couple of weeks. For the convenience of the participants and myself, these interviews were typically done before and after regular class meeting times in astronomy office area. Postparticipation interviews were done after the course was completed. If the participants had to be on the GSU campus for some other reason and it was convenient for them, I did some of these interviews in the astronomy office area. For some participants it was more convenient for them if I came to their school classrooms to conduct their postparticipation interviews. This turned out to be a bonus for me because it allowed me to make some field observations of their classrooms. Because these were done during their class preparation time, no observations of their science teaching were done. Neither of these options was good for one participant, so the postparticipation interview was conducted at a local Waffle House restaurant on a Sunday afternoon.  During all interviews each participant was given a copy of his or her written VNOS/VOSI-ASTR responses. These written responses to the questionnaire were used to guide each interview. All interviews were audio taped and transcribed using a word processing program. The transcriptions were sent to each participant for review and modification as needed.
Weekly Questions

At the end of each week, questions (Appendix E) were sent out to all participants electronically as an e-mail attachment. Each participant would answer them electronically and e-mail them back to me. 
Concept Maps

During the second meeting each participant made concept maps.  One was about “Binary Stars,” and the other was about “The Nature of Science and Scientific Inquiry.” Each participant was provided separate pieces of paper for each map. On one was an oval labeled “Binary Stars” on the other was an oval labeled “Nature of Science & Scientific Inquiry.”  Each participant was asked to draw concept maps on the pages provided. These maps were done closed-book and without any word lists. Because the nature of scientific inquiry is interwoven with the nature of science both were included on a single concept map. At the end of the project, each participant drew new maps on these same two topics. These maps were also hand drawn without any word lists. The participants were not even given a starting point this time, and so they were free to draw their maps in any way they wanted. This time I did allow them to complete their maps at home using any resources they wanted. This was a change from the closed-book format done at the beginning the project. I believed this was acceptable because they were only likely to look up terms and concepts they had encountered during the project.  If they had not already seen a concept they would not know to look it up. I was not attempting to measure their recall ability but instead was trying to get a picture of what they knew about each topic and how they were connecting concepts together. 

Participant Artifacts

Participant artifacts were collected in a variety of forms. On the first evening at HLCO each participant completed a laboratory exercise on visual telescopic observations of binary stars written by Dawson (2001). The laboratory reports written on this lab were collected. After this night at HLCO, the participants worked in small research groups for the remainder of the summer. These research groups produced hand-written logbooks of their binary star research, electronic CCD images of binary stars, data tables, graphs, a poster presentation, and a written scientific report of their binary star research results. It was this final report that was mailed to USNO at the end of the summer. Each group maintained handwritten scientific logbooks in hardbound composition books. Typical entries contained their calculations, USNO archival data on their binary star, finding charts, and any other research related entries.  Other artifacts were captured electronically, which included telescope images of the binary stars, spreadsheets, and word processing files. The linear least square instrument calibrations were done electronically from spreadsheet software. Graphs of the actual binary star positions angles vs. separations were done by hand on polar coordinate graph paper. All artifacts were kept as a record of what each research group actually did throughout the project.

Field Notes

As the science director for The Binary Star Project I made participant observations and maintained field notes, which included a personal journal, a photographic journal, and e-mail communications with the participants. Whenever I was with a group of participants I made mental notes about what was occurring. I entered these observations into an electronic journal on a regular basis. Because of late night observing and driving from HLCO some journal entries of these nighttime observations lapsed behind by a day or two. At times when I expected interesting, or salient, moments I took photographs of these events. For example, during observations at HLCO, or whenever visiting astronomers, such as Dr. Mason from USNO, or Mr. Jao, a GSU astronomy graduate student, came to the class. The participants occasionally e-mailed me with questions or comments, which were saved in each participant’s portfolio files. 

Audiotapes were made of most class meetings and group work, including observation nights at HLCO. During class times a small cassette tape recorder was set on the table near the front of the room. Later in the summer these class meetings evolved into binary star data analysis periods being conducted in various astronomy research labs and my office. I continued to tape these by placing a recorder on the table where each group was working. During HLCO observations a tape recorder was placed on the computer table inside the dome. This location was nearest to all the participants when they were taking binary star images with the B&C 16-inch telescope. 

Research Design

The participants in this study were enrolled as students in an astronomy directed studies course that I was teaching. To eliminate grades as a possible biasing factor in the results of my research study, I based grades solely on the participation level of each student. As long as every one did the required work, he or she did not need to be concerned with their grades. I did not “grade” participants’ work during The Binary Star Project. The weekly schedule for this course is given in Appendix A. At the end of this project the teachers were expected to make poster presentations about their binary star research to the astronomy faculty and graduate students at the university. These presentations were done during a one-hour-long seminar using a poster session format. Upon completion of these poster presentations, I sent each group’s written research reports to USNO for inclusion in a future update of the WDS. These short papers were accepted by the USNO and are now on file in the USNO library.

Lederman et al. (2001) and Schwartz et al. (2001) discuss following up written responses for their VNOS and VOSI instruments with an interview to make sure the written responses are being interpreted properly. The question writer may have certain answers in mind, and the reader may interpret the questions differently from how the writer intended. Therefore, I used follow up interviews to check for these validity issues. These interviews also provided an opportunity to probe more deeply into each participant’s responses. Schwartz et al. (2001) say that this allows the written responses to act like talking points to be discussed during the interview process. So the interviews were also used to probe more deeply into some written responses given by the participants and to ask additional questions. 

Schwartz et al. (2002) have discussed how an explicit/reflective approach helps learners to unify concepts about the nature of science (NOS) and scientific inquiry (SI). They suggest that teachers doing an internship with practicing scientists should also have explicit instruction of NOS and SI, which is followed by some reflective writing about how these activities are examples of NOS and SI aspects. Therefore, I used class time to explicitly teach about NOS and SI as they pertain to astronomy in general and binary star research specifically. To teach explicitly about social and cultural embeddedness of astronomy, I invited some university astronomers come to class and discuss how they became interested in their research topics, how their research is funded, and the importance of their research. To teach explicitly about the differences between observations and inferences, scientists’ creativity, scientists’ subjectivity, and the theoretical laden nature of science I also did some lecture and discussion topics, which included relating binary stars to other astronomy topics such as the Sun, stellar evolution, Kepler’s Laws, Newton’s Laws, and the Theory of Gravity.  During these discussion periods I also did activities that explicitly related The Binary Star Project to the larger picture of the nature of science and scientific inquiry. For example, I did an activity in which I showed the participants detailed pictures of the Sun’s surface, or Photosphere. I ask them to tell me about these pictures. They typically described what they saw and what might be happening that caused the pictures to look they way they did. At this point we discussed how they were making observations and inferences based on those observations. This was similar to the Tricky Tracks activity described by Lederman and Abd-El-Khalick (2000). After this discussion of observations and inferences, I told them how each picture was taken and what solar features were shown in the photographs. I used this discussion to show how astronomers use observations of the Sun and stars, theoretical belief systems, and cultural backgrounds to generate models of the Sun, stellar evolution, and other astronomical topics. Because stellar evolution is thought to be driven by stellar mass, the importance of how binary stars’ measurements fit into this larger astronomical picture was described, thus tying our binary star observations to the rest of astronomy.

At the end of each week, I e-mailed the teachers a set of reflective questions (Appendix E) that pertained to each week’s in-class discussions and observational activities at HLCO. These questions were intended to cause the teachers to think about how our class discussions and activities were related to the various aspects of the nature of science and scientific inquiry (Schwartz et al.,2001).

Data Analysis

Multiple data sources were collected so that different data sets could be compared to each other. This triangulation helped to establish the credibility of the data by investigating multiple data sources for confirmation, as described in McMillian & Schumacher (2001).

Demographic Survey

The demographic survey was used to help me interpret the data. It enabled me to know something about each participant’s individual astronomy background and teaching experience. This information proved useful for solving a puzzle that developed during other data analysis. 

VNOS/VOSI-ASTR Questionnaire and Interviews

The VNOS/VOSI-ASTR instrument was used in this study to learn about changes in the participant’s inquiry abilities and understanding. The VNOS and VOSI questionnaires, from which the VNOS/VOSI-ASTR was developed, had certain targeted aspects of the nature of science and scientific inquiry. The VNOS instruments attempt to reveal views on the nature of science aspects: tentativeness, the empirical nature of science, subjectivity, creativity, social and cultural embeddedness, the difference between observations and inferences, and the differences between theories and laws, as described in Table 3. Because no data was collected on the participants’ views about the difference between theories and laws no examples of this were included in Table 3. The VOSI instrument targeted aspects of scientific inquiry: methodology, consistency, interpretations, the differences between data and evidence, and data analysis, as described in Table 4. It is logical that my VNOS/VOSI-ASTR instrument would also target some, or all, of these same aspects. The written responses to VNOS/VOSI-ASTR questionnaire and interview transcripts were first read to identify topics written about and discussed by the participants during all phases of this project. As I was doing this, it became obvious to me that I was already biased by my knowledge of Lederman’s aspects, because I found myself looking for them. I accepted this, and decided to use these aspects just as 

predetermined categories and to add more categories if they emerged from the data (McMillian & Schumacher, 2001). Rereading this data, I intentionally looked for topics that would fit into these predetermined categories, or aspects. I wanted to view all seven participants’ responses to each VNOS/VOSI-ASTR question at the same time. Therefore, I did an electronic cut and paste to show all the responses to each question by listing all the participants’ responses to question one directly under question one. This was repeated for all twelve questions independently for the preparticipation and postparticipation responses. Now I was able to view all the responses across the questionnaire, question-by-question, without regard for which participant generated the response. As a result I was able view the responses for each question over the entire group of participants. This procedure did not prove to be productive, but it did lead me to try something else.

Table 3

Targeted VNOS aspects with illustrative examples from Lederman et al. (2002).

	Aspect
	Description
	Naïve View
	Informed View

	Tentativeness
	New observations,

Reinterpretations of existing observations.
	Compared to philosophy and religion…science demands definite…right and wrong answers.
	Everything in science is subject to change with new evidence and interpretation of that evidence.

	Empirical based
	Based on and/or derived from observations of natural world.
	Science is concerned with facts. We observe facts to prove that theories are true.
	Much of the development of scientific knowledge depends on observation…[But] I think what we observe is a function of conviction. I don’t believe science is (or should be) an accumulation of observable facts.

	Subjectivity


	Influenced and driven by the presently accepted scientific theories and laws. 

The development of questions, investigations, and interpretations of data are filtered through the lens of current theory.
	[Scientists reach different conclusions] because the scientists were not around when the dinosaurs became extinct, so no one witnessed what happened…
	Both conclusions are possible because there may be different interpretations of the same data. Different scientists may come up with different explanations based on their own education and background…

Continued


	Aspect
	Description
	Naïve View
	Informed View

	Creativity
	Human imaginations and logical reasoning.
	A scientist only uses imagination in collecting data…But there is no creativity after data collection because the scientist has to be objective.
	Logic plays a large role in the scientific process, but imagination and creativity are essential for the formation of novel ideas…to explain why the results were observed.

	Social/cultural

embeddedness.
	Influenced by the society and culture in which it is practiced.

Expectations of the culture determine what and how science is conducted, interpreted, and accepted.
	Science is about the facts and could not be influenced by cultures and society. Atoms are atoms here in the U.S. and are still atoms in Russia.
	Of course culture influences the ideas of science, it was more than 100 years after Copernicus that his ideas were considered because religious beliefs of the church sort of favored the geocentric model.

	Observations and 

Inferences
	Observations are gathered through human senses or extensions of those senses.

Inferences are interpretations of those observations.
	Scientists can see atoms with high-powered microscopes. They are very certain of the structure of atoms. You have to see something to be sure of it.
	Evidence is indirect and relates to things that we don’t see directly. You can’t answer…whether scientists know what the atom looks like, because it is more of a construct.


Table 4

Targeted VOSI aspects with illustrative examples from Schwartz et al. (2001) and from Lederman et al.* (2002).

	Aspect
	Description
	Naïve View
	Informed View

	Methods
	Multiple methods used.
	Science has a particular way of going about things, the scientific method.*
	When you are in sixth grade you learn that there is the scientific method and the first thing you do this, and the second thing you do that and so on…That’s how we may say we do science, but [it is different from]…the way that we actually do science.*

	Consistency
	Consistency between evidence and conclusion.
	No examples provided.
	No examples provided.

	Interpretations
	Multiple ways to interpret data. Relates to inference, subjectivity, and tentativeness.
	See examples for inference, subjectivity, and tentativeness in Table 3.
	See examples for inference, subjectivity, and tentativeness in Table 3.

	Data/evidence
	Distinctions between data and evidence.
	Data is more like numbers. Evidence would be things or objects.
	No examples provided.

	Data analysis
	Represent data in meaningful ways (graphs, charts, looking for patterns, etc.)
	Data analysis is putting it in a graph or chart and then displaying it.
	Data analysis is looking at data and putting it in patterns, graphs, etc. You need to look at the data and find the patterns and answers to your questions.


The responses to the preparticipation  and postparticipation VNOS/VOSI-ASTR questionnaires for each participant were read again, participant-by-participant. However, I chose not to read the questions and instead simply read the written responses. As I read I looked for each predetermined aspect throughout the entire document, without regard for which question was being answered. During this reading I color-coded the responses by the predetermined aspects of Lederman. After this color-coding process was completed, I constructed two data tables for each participant, one for preparticipation responses and one for postparticipation responses. Each of these tables was composed of two columns. The predetermined aspects of tentativeness, empirical, subjectivity, creativity social /cultural embeddedness, observations and inferences, scientific methods, consistency, interpretations, data and evidence, and data analysis (Lederman et al., 2002; Schwartz et al., 2001) were listed in each row of the first column. Using the color-coded text, I electronically cut and pasted each participant’s responses relative to the individual aspects into the second column. After all the written responses were placed into these tables, I repeated this same procedure for all the interview data. This allowed me to view all written and interview responses for each participant relative to the each aspect, both before and after participation in The Binary Star Project.

As I was reading and color-coding the data to construct the tables described above, I was noticing other topics being mentioned that were not color-coded. The methods described by McMillian and Schumacher (2001) were used to analyze this non-coded data. This analysis was begun by rereading the data sets to get an idea of what the participants were saying. As this was done I tried to ask myself questions about what I was reading.  These questions included: “What is this about?” “What are they talking about?” “What is important to this response?” (McMillian and Schumacher, 2001, p. 469) As topics emerged the text was underlined and a code word or words were handwritten in the margins of the text. These code words were then examined to look for more general themes, which were astronomical themes, mathematical themes, communications, calibration, amateur astronomy as scaffolding, amateur astronomy as science, astronomical selection affects, and astronomical observations as experiments as described in Table 5. These themes were then color-coded and added to the previously constructed tables described above. 

Each participant’s preparticipation and postparticipation statements in these tables were read and judged to be either naïve (N) or informed (I) regarding the aspect for which the statements had been coded. Naïve statements were those that do not follow the informed views of each aspect as described by Lederman et al. (2001, 2002) and Schwartz et al. (2001). Informed statements were statements that did follow these descriptions. While reading each participant’s statements, letter N or I was placed beside each statement to identify it as being either naïve or informed. Each participant’s statements were used to place him or her into patterns of naïve, mixed, or informed, similar to patterns used by Lederman (2003). If a participant made only naïve statements regarding a particular aspect, they were classified as having a naive view of the aspect. If they made only informed statements about a particular aspect, they were classified as having an informed view of the aspect. Participants who made a mixture of naïve and informed statements about a particular aspect were classified as holding mixed views. The additional themes identified were not analyzed in this way. These themes were

Table 5

Additional themes identified during The Binary Star Project.

	Theme
	Topics Within Theme

	Astronomical


	Descriptions of space, time, and distance scales in the universe

	Mathematical
	Calculations, statistics, geometry, trigonometry, algebra

	Communications
	Talking to peers, writing and reading papers, and making presentations

	Calibration
	Instrument calibrations, use of standards, zero point location

	Amateur Astronomy as Scaffolding
	Using backyard telescopes

	Amateur Astronomy as Science
	Backyard observing as science

	Astronomical Selection Affects
	Data has preferential selection of astronomical objects based on observational methods

	Astronomical Observations as Experiments 
	Descriptions of experiments and observations


simply read for content. When possible, preparticipation and postparticipation statements relative to these new themes were compared to see if any changes occurred during The Binary Star Project.

Weekly Questions

The weekly questions were color-coded for the predetermined aspects and themes found in the VNOS/VOSI-ASTR responses and interviews. A few additional themes were created while reading this data. Responses to the reflection questions were an intermediate part of the explicit/reflective instruction. These questions were intended for the participants to think about their views to produce possible accommodation of different views. Therefore, the responses to these questions were not used to determine if the participants’ held uninformed, transitional, or informed viewpoints about the nature of science and scientific inquiry. 
Concept Maps

Concept maps on the nature of science and scientific inquiry were used as an alternate way to assess the participants’ knowledge of NOS and SI. All the participants drew preparticipation and postparticipation concept maps on NOS and SI, and on binary 

stars. These maps were scored using the rubric given by Hemler (1997). She simply counts the number of correct relationships, the number of levels, the number of branches, and the number of correct crosslinks. Her rubric was adopted for two reasons. First, it was simple and easy to use. Second, the participants’ concept maps were not hierarchical in structure; instead they looked like spider webs going out in many directions, thus, making them difficult to score using more complex rubrics. The preparticipation and postparticipation concept maps were scored and the differences in scores calculated to determine if a positive or negative change occurred.

The binary star maps were used to observe changes in each participant’s astronomical content knowledge about binary stars. The NOS and SI maps were used to observe changes in each participant’s knowledge about the nature of science and scientific inquiry. Changes were compared to the changes shown in the VNOS/VOSI-ASTR questionnaire responses and interviews to check for the similarities and differences.
Participant Artifacts

Participant artifacts were primarily related to their scientific research on binary stars. Therefore, these artifacts were not analyzed.  However, they were used to construct accounts of each group’s experiences during the Binary Star Project.

Field Notes

My field notes were analyzed, but some of them yielded little useful data. Many of the audiotapes made during HLCO observations and on-campus meeting times were not used for any data analysis. Most of the tapes contained background noise, unknown people speaking, muffled conversations, and many other difficulties. Therefore, these tapes were simply listened to and were not transcribed. My written journal and photographic journal did provide information that was used to construct each group’s unique experiences in The Binary Star Project.

Trustworthiness of the Data

Lincolin and Guba (1985) describe four criteria for establishing the trustworthiness of qualitative data: credibility, transferability, dependability, and conformability. These four criteria were used to establish the trustworthiness of the data collected during The Binary Star Project.

Credibility

The credibility of the data was established through prolonged engagement, triangulation peer debriefing, and negative cases. I spent 4-5 hours each week making field observations of the participants throughout all phases of The Binary Star Project. Triangulation of the data was accomplished using written responses to questions, interviews, concept maps, and my own observations. All through the data collecting and analysis process I had frequent discussions with several of my dissertation committee members, particularly Dr. Lucy and Dr. Kawulich. The data also indicated some null or negative changes for a few participants on some NOS and SI aspects. 

Transferability

Transferability was established by maintaining all data in their original forms and by the useof thick descriptions (Geertz, 1973). Both a paper portfolio and an electronic portfolio were kept for each participant. I collected the original paper copies of all data collected in handwritten form, such as written responses to questions, concept maps, and other artifacts. I also kept paper copies of all data collected electronically. In addition, data collected electronically was placed into an electronic file that I maintained for each participant.  Each group’s poster presentation was also kept intact as constructed by the group. A description of each group’s experience as they progressed through the project will be presented in Chapter 4, using ‘thick description” as described by Geertz (1973). 

Dependability

Dependably of the data is established through triangulation, previously described, and by providing an audit trail. The audit trail includes the portfolios previously described, and my field notes, which contain an electronic journal and a photographic journal of the project. These materials could be used to reconstruct The Binary Star Project.

Confirmability

I have used the data from this study as the basis for any conclusions. In the human as instrument section that follows, I have indicated some of my biases. By being aware of my own personal biases I tried to not let them affect my interpretations of the data and have based my findings on the data collected. 

Human as Instrument

In this section I will describe my personal experiences that allow me to conduct this research and my philosophy of education. I have many years of experience teaching astronomy and performing astronomical observations. These observations include amateur astronomy and research astronomy. From these years of  experience and from taking educational philosophy course I have developed a philosophy of learning by doing.
Experience

I have many years of experience doing amateur and professional astronomy. My first experience with amateur astronomy occurred in 1969 when I viewed Saturn and the Moon through a small 6-inch Newtonian telescope. In 1970 I purchased my own telescope that was exactly like the one I looked through from my friend’s backyard. While in college I ground my own telescope mirror and constructed a 10-inch Newtonian telescope. In 1974 I received a B.S. Degree with a major in physics and a minor in mathematics from Southeast Missouri State University. After graduation, I was a night assistant at McDonald Observatory, which is operated by the University of Texas. Upon returning to Missouri I taught 9th grade science and math at Kelly High School in Benton, Missouri. In 1979, I began graduate school at Vanderbilt University, where I earned an 

M.S. Degree in astronomy in 1981. From that time until the present I have been the Astronomy Laboratory Coordinator at Georgia State University. 

At GSU I have been heavily involved in teaching astronomy. My main job is to teach and coordinate graduate student teaching of Astronomy 1010 and 1020 laboratory courses. Occasionally I have been assigned an Astronomy 1010 or 1020 lecture class to teach. As a result of this teaching I have written an astronomy lab manual entitled Astronomy: A Laboratory Textbook (Wilson, 1999). Currently this manual is in its third edition and has been adopted by 14 colleges in the United States. Since the summer of 1999, I have been working on a Ph.D. in teaching and learning in the College of Education at GSU. Because of this degree work, I have been teaching special laboratory sections of Astronomy for Teachers, ASTR 7010/7020. In addition I go to local schools and give astronomy presentations to science classes.

Throughout my time at GSU, I have made contributions to various faculty members’ research programs. This has allowed me to go on observing runs to places such as Lowell Observatory (42-inch and 72-inch telescopes) in Flagstaff, AZ; Kitt Peak National Observatory (16-inch to 50-inch telescopes) in Tucson, AZ; and Mt. Wilson Observatory (100-inch telescope) near Pasadena, CA. Data collected on these observing runs allowed me either to coauthor or to be lead author on numerous professional papers in refereed astronomy journals. I have also authored or coauthored papers presented at professional astronomical meetings. This research and teaching provided me with many years experience from which to draw while conducting this research project.

In 1999 I entered the doctoral program in teaching and learning at GSU. As part of this degree program I have taken two ethnography classes that provided me with experience doing qualitative methodology. In these classes I did participant and non-participant observations, made a photographic journal, conducted interviews that were transcribed and coded, and developed a pilot study to do binary star research with teachers.

    During the Summer 2001 academic term, I used a directed studies course in which I did astronomical research with teachers as a pilot study for this dissertation research. A detailed description and results of this study were presented by Wilson and Lucy (2002) and Wilson (2002).  During this project I made science teachers become part of a research team with me being the project director. The teachers obtained observations of visual binary stars at GSU’s Hard Labor Creek Observatory. The aim of the project was to make a simple but real contribution to current research at the United States Naval Observatory in Washington DC. My selection of the research agenda may be seen as a restriction of the participant’s freedom to select his or her own projects. However, each participant was told what the research was going to be in advance so that he or she could choose not to participate if he or she was not interested in binary stars. This is also how many apprenticeship programs are done when a teacher is placed with a practicing scientist (Gilmer et al., 2002). I did have my participants select which double stars in the WDS they wanted to observe. This allowed them to begin making decisions about how they would select their double stars. Some wanted to observe stars that had not been observed in over 100 years; some selected stars that they thought would be easy to identify in the sky. Therefore, they did have some personal motivations for their selections. I did little or no lecturing but instead guided each group as they progressed in their research. I think they learned the language and culture of astronomy by doing astronomy, not by being lectured to. At the end of the term, I required each group to present its work to the university’s astronomy faculty at an afternoon seminar. These presentations followed a format similar to the one used by professional astronomers at poster paper sessions given at American Astronomical Society or International Astronomical Union meetings. At this seminar the students demonstrated that they had learned enough of the astronomical language to communicate with the astronomy faculty effectively. In addition, three of these students presented a paper about their research experience in this course at the 2001 Annual Meeting of the Southeastern Association for the Education of Teachers in Science held on 13 October 2001 in Tampa, Florida. Brian Mason, an astronomer at USNO, recently agreed to use the observations these teachers made at HLCO in the next update of the Washington Double Star Catalog. This pilot study has given me experience doing astronomical research with teachers and experience doing data analysis and presenting the results at professional education conferences.
My Philosophy of Education

I think that humans learn by doing. For example, I learned the hobby of model railroading by actually building model railroad layouts. These started as simple projects, such as small oval track plans. Over a period of time these simple projects have developed into more complex layouts that fill entire basement-sized areas. This progression occurred as experience was gained from the hobby, from reading magazines and books, and from the assistance of other hobbyists who have constructed model railroad layouts. In general I think that learning is engagement in activities that interest the learner, as described by Dewey (1916).

Many times learning occurs through social interactions. In the example above, model railroading was, and still is, learned by doing model railroading with other people. In some cases these people were the authors of articles and books that I read. In other instances they were social interactions with other model railroaders. These interactions include attending club meetings where model railroading is discussed and attending clinics or workshops presented by more experienced modelers. Visiting in the homes of other model railroaders to see their layouts is another type of social engagement where learning occurs. At these visits I am able to observe and ask questions about how they solved some problems that are similar to ones I am encountering. Inviting other model railroaders into my home so they can see what I am doing and make suggestions for future development of my layout is another type of social contact. However, all of these social contacts will not make a single change to my layout. I have to do something to my layout before this social stimulation has an effect. By trying other people’s ideas I learn more about the hobby. Learning takes place during physical activities and social interactions with other people that have similar interests to ours.

Science is also learned by physical experiences and social activities. Individuals who are interested in learning science have to do science. They need to make observations and design experiments in an attempt to better understand the observed phenomena that interest them. As they investigate their particular interests, they will read what other scientists have written on the subject. They should attend meetings to interact socially with other scientists and to discuss how their activities are related to those of other scientists. Modern science is usually done in collaborative group efforts. It is rare for a scientist to work alone. Typically scientists tend to form collaborations that involve several institutions and publish papers with multiple authors. So, science is an activity that humans do.

Science students should learn science similar to the way scientists do. Students should perform their own experiments to answer their questions. An earth science student may hear on the local news that the harvest moon is larger than other full moons. The typical student inquiry is to go ask the teacher, and the teacher tells him or her an answer. I think the teacher should help the student develop a set of observations and measurements that will attempt to answer the student’s question. From this activity the student learns how to ask questions and how to go about finding answers to his or her questions. The teacher simply guides the student in this process.  In this way science students are being scientists because they are doing what scientists do. The difference between science students and professional scientists should only be a difference in experience. Science students should learn science by performing science so that they can become better scientists. 

Laboratory activities in science classes are designed to be hands-on types of experiences in the art of doing science.  Unfortunately, most science laboratory experiments are “cookbook” exercises where the directions are specific and the answers are already known. I do not want to say that there is no value in this type of lab work. It may be compared to a music student’s practicing scales. Such activities are necessary but not sufficient to the performing arts or science. Scientific inquiry is what scientists do. It includes asking questions about the nature of the universe and attempting to do experiments, or make observations, which may help them to learn possible explanations to their questions. Typical “cookbook” labs have decided in advance what the questions are and what the answers are. The science students do not get to ask their own questions about the nature of the universe and to develop experiments that attempt to explain what the students have questioned because someone else has already decided these things for them. To learn science, students need to have the freedom to do science and not to just practice the techniques of science.

Science teachers should learn about the nature of science and scientific inquiry similar to the way music teachers learn how to play and teach music, by doing it.  Unfortunately many science teachers have taken the type of science courses described above. These teachers have never done science. Therefore, they do not have any experience doing science. So they are like music teachers who have “learned” music from books but have never really played music. I think that science teachers need to experience doing scientific research so that they can better understand the nature of science to be better prepared to do science with their students. Science is more than a class taught in school; it is an activity that humans do, and it should be taught that way.

In conclusion I want to say that humans learn by participation in activities that interest them. These activities should include some social components that help individuals to become living beings who learn from others. To motivate individuals to perform these activities to the best of their ability, the activities need to have some type of aim, or end product associated with them (Dewey, 1934). Such aims may include the construction of a model railroad layout, musical recitals, science fair projects, professional publications, or anything else that produces a natural ending and a new beginning for more learning.

Summary

During the summer of 2002 I ran an authentic astronomy research project for science teachers. These teachers became a research team, under my guidance, and made measurements of the separations and position angles of some neglected visual binary listed in the WDS. The teachers did this research at astronomical research sites located on the GSU campus and at HLCO. At the end of the summer the teachers presented their astronomy research to the astronomy faculty and graduate students at an afternoon seminar. After this seminar their data was submitted to USNO. This process immersed the teachers into the scientific culture of astronomy specifically, and science in general.

To study the effects of this immersion experience on the teachers, several data were collect from a variety of sources. Data sources included written preparticipation and postparticipation responses to VNOS/VOSI-ASTR coupled with guided interviews of the teachers, responses to weekly questions, audiotapes, and participant artifacts.  I also made field observations, took field notes, maintained a log of e-mail and other types of communications, and made a photo journal. This data was broken down into topics and then categorized. Some of these were predetermined categories (Lederman et al., 2002; Schwartz et al. 2001) and others were emergent from the data. Preparticipation and postparticipation statements made by the participants relative to each category were used to assess changes in the participants’ views of the nature of science and scientific inquiry. The trustworthiness of  the data were established using the four criteria of Lincolin and Guba (1985).

My philosophy of education is based on the work of John Dewey, who claimed that people learn by doing activities that interest them. Much of my astronomical knowledge was learned during thirty years of experience performing amateur and professional astronomy, and from teaching astronomy classes. It was this experience that I used to direct The Binary Star Project.
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