THE IMPACT OF AUTHENTIC SCIENCE INQUIRY EXPERIENCES
STUDYING VARIABLE STARS ON HIGH SCHOOL STUDENTS’
KNOWLEDGE AND ATTITUDES ABOUT SCIENCE AND
ASTRONOMY AND BELIEFS REGARDING THE NATURE OF
SCIENCE
by
Pebble Lea Richwine
___________________
Copyright © Pebble Lea Richwine 2007
A Dissertation Submitted to the Faculty of the
DEPARTMENT OF TEACHING AND TEACHER EDUCATION
In Partial Fulfillment of the Requirements
For the Degree of
DOCTOR OF PHILOSPHY
In the Graduate College
THE UNIVERSITY OF ARIZONA

2007

2
THE UNIVERSITY OF ARIZONA
GRADUATE COLLEGE
As members of the Dissertation Committee, we certify that we have read the dissertation
prepared by Pebble Lea Richwine
entitled The Impact of Authentic Science Inquiry Experiences Studying Variable Stars
on High School Students’ Knowledge and Attitude About Science and Astronomy and
Beliefs Regarding the Nature of Science
and recommend that it be accepted as fulfilling the dissertation requirement for the
Degree of Doctor of Philosophy
_______________________________________________________________________

Date: April 3, 2007

Dr. Bruce Johnson
_______________________________________________________________________

Date: April 3, 2007

Dr. Timothy F. Slater
_______________________________________________________________________

Date: April 3, 2007

Dr. Christopher Harris

Final approval and acceptance of this dissertation is contingent upon the candidate’s
submission of the final copies of the dissertation to the Graduate College.
I hereby certify that I have read this dissertation prepared under my direction and
recommend that it be accepted as fulfilling the dissertation requirement.
________________________________________ Date: April 3, 2007
Dissertation Co-Director: Dr. Bruce Johnson
________________________________________ Date: April 3, 2007
Dissertation Co-Director: Dr. Timothy F. Slater

3

STATEMENT BY AUTHOR
This dissertation has been submitted in partial fulfillment of requirements for an
advanced degree at the University of Arizona and is deposited in the University Library
to be made available to borrowers under rules of the Library.
Brief quotations from this dissertation are allowable without special permission,
provided that accurate acknowledgement of source is made. Requests for permission for
extended quotation from or reproduction of this manuscript in whole or in part may be
granted by the copyright holder.

Signed: Pebble Lea Richwine

4
ACKNOWLEDGEMENTS
The initiation or completion of this endeavor could not have occurred without the
help and support of many people. First, I would like to thank Mr. Thomas Kaigler, high
school teacher in Arizona, for all of his encouragement and allowing me to visit his
classroom for an entire semester. Along with Mr. Kaigler are the wonderful students who
participated in the case study. Several professors have contributed great support
throughout my studies at the University; I would like to especially thank the UA College
of Science-Science Teaching Preparation faculty, including: Dr. Lisa Elfring, Dr. Ingrid
Novodvorksy, and Dr. Deborah Tomanek. You have endured many years of hearing me
talk about variable stars and your support has made both my academic career and
dissertation more complete.
To the members of the CAPER team, what words can describe how dear you are
to my heart? To sum it up in some true Pebblese: smootchies, Dance Dance Revolution,
Sullivans, the Shelter, bunnies, Guitar Hero, coffee, and of course, CHOCHOLATE. I
could not have made it without each and every one of you, I cherish our time together.
Where would one be in graduate school without dear friends? Blue bunny, you
know who you are, Erin Dokter. It saddens me that we will not be joined at the hip in our
professional lives, but I will never forget the support, encouragement, and love that you
have given to me. You are a dear friend and have earned your angel wings.
My family has supported me on all the adventures I have gone on in life. They
survived my teens, my twenties, and now they have survived my graduate degree. Mom,
you continue to be a source of inspiration to me. You are my hero and I only wish I can
be half the woman that you are. Walter, you have been behind me from the ‘get go’. I do
not know anyone who has a more supportive loving father. Thank you so much for being
in my corner. And yes, thank you Brad, for still being a dear friend.
Bailey, Bailey, Bailey. There is not enough paper in the world for me to describe
all the things you have done to support me. You provide the meaning to my world and
every day that you hug me gives me the strength to type yet another page, send another
email, and strive to better in every step I take in life. I love you, my precious son.
There are several very important people I need to thank for their support in my
pursuit of this degree. Bruce Johnson has been a supporter, provider of constructive
criticism, and all around great professor. Thank you Bruce. Tim Slater thank you for
encouraging me to attend TOPS, my snow globe is not broken yet. James Bedient, thank
you for all the long hours at the computer doing photometry with me. You are a true
friend and I could not have done this without you.
Finally, I would like to thank everyone at the American Association of Variable
Star Observers. The sense of community that I feel in the association is something that is
priceless to me. I know that Janet Mattei is smiling down at me. I can see her sitting
across from me now, encouraging me, and helping me have to confidence to dream.

5

DEDICATION

To my mother, Jane Holt
Who has always believed that if I think I can, then do it…

To my son, Bailey Richwine
Who continues to be an inspiration and fills my heart with laughter…

To Dr. Janet Mattei
You will always be with me, as you showed me the stars…

6
TABLE OF CONTENTS
LIST OF TABLES………………………………………………………….…………
LIST OF FIGURES…………………………………………………………………...
ABSTRACT…………………………………………………………………………...
CHAPTER 1: INTRODUCTION……………………………………………………..
Purpose…………………………………………………………………………….
Accumulating Events………………………………………………..……………..
Inquiry and Reform………………………………………………………………..
Inquiry Defined for the Current Science Education Culture………………………
“Cook –Book” Inquiry …………………………………………………………
Guided and Structured Inquiry ………………………………………………...
Authentic Open Inquiry ………………………………………………………...
NRC National Science Education Standards and AAAS Project 2061 ……………
Apprenticeships, Situated Cognition, and Legitimate Peripheral Participation ….
Research Questions ………………………………………………………………..
Theoretical Framework …………………………………………………………...
Student Knowledge …………………………………………………………….
Variable Stars ………………………………………………………………….
Nature of Science ………………………………………………………………
Significance of the study …………………………………………………………..
Limitations ………………………………………………………………………...
Conclusions ………………………………………………………………………..
List of Abbreviations……………………………………………………………….
Definitions of Terms ……………………………………………………………….
CHAPTER 2: LITERATURE REVIEW………………………………………….......
Introduction………………………………………………………………………..
Definitions of Inquiry………………………………………………………………
Inquiry and the Scientist……………………………………….…………………..
Inquiry and the Students…………………………………………………………...
Student Scientist Partnerships (SSP) and Scientist Teacher Partnerships (STP)…
Nature of Science: An Introduction………………………………………………
Situated Cognition and Legitimate Peripheral Participation……………………..
Constructivism and Apprenticeship Learning Environments………………………
CHAPTER 3: METHODOLOGY…………………………………………………….
Introduction ………………………………………………………………………..
Research Setting …………………………………………………………………...
Intervention Curriculum: In the Hunt for Variable Stars ........................................
Participants ………………………………………………………………………...
Data Collection ……………………........................................................................
Variable Star Content Surveys (VSCS)…………………………………………….
VSCS Survey Scoring Protocol ………………………………………………..
VSCS Survey A …………………………………………………………………

10
11
13
15
15
17
21
23
24
25
26
28
29
30
32
32
33
35
35
37
39
41
43
45
45
46
52
55
60
62
71
74
79
79
79
80
82
85
88
89
93

7
VSCS Survey B …………………………………………………………………
VSCS Survey C ………………………………………………………………..
VSCS Survey D …………………………………………………………………
Open-ended Semi-standardized Interviews ………………………………………..
Student Artifacts……………………………………………………………….........
Student Attitudes toward Astronomy (SATA) Questionnaire ……….……………...
Observations ……………………………………………………………………….
Summary …………………………………………………………………………...
CHAPTER 4: RESULTS………………………………………………………….….
Introduction ……………………………………………………………………….
Variable Star Content Surveys (VSCS)………………………………………….
Variable Star Content Survey (VSCS) A Question #1……………………….
Variable Star Content Survey (VSCS) A Question #2 ....................................
Variable Star Content Survey (VSCS) B …………………………………….
Variable Star Content Survey (VSCS) C …………………………………….
Variable Star Content Survey (VSCS) D …………………………………….
Interviews ………………………………………………………………………
Nature of Science Questions ………………………………………………...
What is Science? .........................................................................................
Will You Use Science in Your Everyday Life? ……………………………
Who Does Science? …………………………………………………
What Does A Scientist Look Like?...............................................................
What Is A Characteristic A Scientist Would Need to Be Successful? …….
Astronomy Content Questions ……………………………………………….
What Is Astronomy? ………………………………………………………
What Is A Star?............................................................................................
Can You Describe A Star’s Lifecycle? ……………………………………
What Would You See In the Night Sky Tonight? ………………………….
Does the Night Sky Change? ……………………………………………..
What Is A Variable Star? …………………………………………………
What Is Magnitude? ………………………………………………………
Student Artifacts ……………………………………………............................
Bellwork January 23rd, 2006……………………………………………...
Introductory Activity ……………………………………………………...
Astrometrica Reflective Journal February 6, 2006 ………………………
Posttest Student Worksheet ………………………………………………
Interview Questions about the Posttest Student Worksheet ………………
Students’ Attitudes toward Astronomy (SATA) Questionnaire ……………..
Survey Scale Statistics …………………………………………………...
Exploratory Factor Analysis (EFA)…………………………………….
Reliability ………………………………………………………………
Comparison of Means …………………………………………………

97
98
101
102
104
105
107
108
109
109
110
110
119
126
132
137
145
145
146
147
148
149
150
150
150
151
153
154
155
155
157
157
158
159
162
162
166
168
168
168
173
173

8
TABLE OF CONTENTS – Continued

Summary…………………………………………………………………………..
Variable Star Content Surveys (VSCS) A and B: Changes In the Night Sky…
Variable Star Content Surveys (VSCS) C and D: Graphs and Variable Stars
Open-ended Semi-standardized Interviews …………………………………..
Misconception: Closer Equals Brighter …………………………………..
Misconception: Stars Are Made of Fire or Burning Gas ………………….
Students’ Attitudes Toward Astronomy (SATA) Questionnaire ……………….
CHAPTER 5: DISCUSSION………………………………………………………..
Introduction ………………………………………………………………………
Limitations .............................................................................................................
Key Findings …………………………………………………………………….
Astronomy Content Knowledge ……………………………………………...
Attitudes about Science and Astronomy ……………………………………...
Beliefs Regarding the Nature of Science……………………………………...
Student Engagement ………………………………………………………….
Implications for Science Education ……………………………………………….
Implications for Astronomy Education and Support for Inquiry in the Classroom.
Future Research Directions ……………………………………………………….
Student Attitudes toward Astronomy and Science …………………………….
Astronomy Content Knowledge ……………………………………………….
Personal Reflections ……………………………………………………………
APPENDIX A: STUDENT DEMOGRAHIC PAGE ……………………………...
APPENDIX B: STUDENT ASSENT FORM ……………………………………..
APPENDIX C: STUDENTS’ ATTITUDE TOWARD ASTRONOMY (SATA)
QUESTIONNAIRE………………………………………………..
APPENDIX D: VARIABLE STAR CONTENT SURVEY (VSCS) A ……………
APPENDIX E: VARIABLE STAR CONTENT SURVEY (VSCS) B…………….
APPENDIX F: VARIABLE STAR CONTENT SURVEY (VSCS) C …………...
APPENDIX G: VARIABLE STAR CONTENT SURVEY (VSCS) D …………...
APPENDIX H: SAMPLE INTERVIEW QUESTIONS …………………………..
APPENDIX I: PARTICIPATING SCORERS’ BACKGROUND AND
INFORMATION …………………………………………………
APPENDIX J: WILCOXON SIGN TEST ………………………………………..
APPENDIX K: SURVEY A QUESTION #1 STUDENTS’ SCORE
FREQUENCIES PRETEST AND POSTTEST…………………
APPENDIX L: SURVEY A QUESTION #2 STUDENTS’ SCORE
FREQUENCIES PRETEST AND POSTTEST…………………
APPENDIX M: SURVEY B STUDENTS’ SCORE FREQUENCIES PRETEST
AND POSTTEST …………………………………………………
APPENDIX N: SURVEY C STUDENTS’ SCORE FREQUENCIES PRETEST
AND POSTTEST………………………………………………….

174
175
177
179
179
181
182
186
186
186
188
188
189
190
192
193
195
196
197
198
198
201
202
205
207
208
209
210
211
212
213
214
215
216
217

9

TABLE OF CONTENTS – Continued

APPENDIX O: SURVEY D STUDENTS’ SCORE FREQUENCIES PRETEST
AND POSTTEST ………………………………………………
APPENDIX P: TRANSCRIPTS OF PRETEST INTERVIEWS ………………….
APPENDIX Q: TRANSCRIPTS OF POSTTEST INTERVIEWS ………………
APPENDIX R: TRANSCRIPTS OF BELLWORK JANUARY 23, 2007 …………
APPENDIX S: STUDENT INTRODUCTORY ACTIVITY ………………………
APPENDIX T: SLIDES FOR PRETEST STUDENT ACTIVITY ………………...
APPENDIX U: REFLECTIVE JOURNAL WRITING ON ASTROMETRICA …..
APPENDIX V: POSTTEST STUDENT ASSESSMENT ………………………….
APPENDIX W: EXPLORATORY FACTOR ANALYSIS #1 …………………….
APPENDIX X: EXPLORATORY FACTOR ANALYSIS #2 ……………………..
APPENDIX Y: EXPLORATORY FACTOR ANALYSIS #3 ……………………..
APPENDIX Z: IN THE HUNT FOR VARIABLE STARS………………………...
APPENDIX AA: INSTITUTIONAL REVIEW BOARD APPROVAL …................
REFERENCES ………………………………………………………………………

218
219
264
327
329
331
334
337
342
343
344
345
453
455

10
LIST OF TABLES

TABLE 1,
TABLE 2,
TABLE 3,
TABLE 4,
TABLE 5,
TABLE 6,
TABLE 7,
TABLE 8,
TABLE 9,
TABLE 10,
TABLE 11,
TABLE 12,
TABLE 13,
TABLE 14,
TABLE 15,
TABLE 16,

TABLE 17,
TABLE 18,
TABLE 19,

Percent of students who completed each instrument ……………......
Question #1 rubric for scoring of student responses for Survey A…..
Question #2 rubric for scoring of student responses for Survey A…..
Survey B rubric for scoring of student responses …………………...
Survey C rubric for scoring of student responses …………………...
Survey D rubric for scoring of student responses …………………..
VSCS A Question #1 paired-sample t-test (two-tailed) ……………..
VSCS A Question #2 paired-sample t-test (two-tailed) ……………..
VSCS B paired-sample t-test (two-tailed) …………………………..
VSCS C paired-sample t-test (two-tailed) …………………………..
VSCS D paired-sample t-test (two-tailed) …………………………..
Categories of student responses for the interview question “What is
science?” …………………………………………………………….
Categories of student responses for the interview question “What is
Astronomy?” ………………………………………………………...
Categories of student responses for the interview question “What is
a star?” ……………………………………………………………….
Exploratory Factor Analysis (EFA) constrained to 3 factors with
Varimax rotation of the Student Attitudes Toward Astronomy
(SATA) questionnaire ……………………………………………….
Exploratory Factor Analysis (EFA) comparison for the
Difficulty/Insecurities (DI), Confidence, Enjoyment, and
Understanding (CEU), and Scared of Astronomy (SOA) factors
paired-sample t-test (two-tailed) …………………………………….
Factor Loadings from Exploratory Factor Analysis (EFA) of the
Students’ Attitudes Toward Astronomy (SATA) Questionnaire
Unconstrained with Varimax Rotation ………………………………
Factor Loadings from Exploratory Factor Analysis (EFA) of the
Students’ Attitudes Toward Astronomy (SATA) Questionnaire
Constrained to 4 Factors with Varimax Rotation ……………………
Factor Loadings from Exploratory Factor Analysis (EFA) of the
Students’ Attitudes Toward Astronomy (SATA) questionnaire
Constrained to 3 Factors with Varimax Rotation ……………………

86
94
96
98
100
102
112
119
126
132
138
147
151
152
171

174
342
343
344

11
LIST OF FIGURES

FIGURE 1,
FIGURE 2,
FIGURE 3
FIGURE 4,
FIGURE 5,
FIGURE 6,
FIGURE 7,
FIGURE 8,
FIGURE 9,
FIGURE 10,
FIGURE 11,
FIGURE 12,
FIGURE 13,
FIGURE 14,
FIGURE 15,
FIGURE 16,
FIGURE 17,
FIGURE 18,

Example of VSCS A Question #1 comparing pretest and posttest
responses from student RRG 733 (pretest followed by posttest) ….
VSCS A Question #1 responses for the intervention group (bar
graph) ……………………………………………………………...
Example of Question #1 of pretest VSCS A from the intervention
group (student RRG181) …………………………………………..
Example of Question #1 of pretest VSCS A from the intervention
group (student RRB104) …………………………………………..
Example of Question #1 of pretest VSCS A from the intervention
group (student RRB155) …………………………………………..
Example of Question #1 of posttest VSCS A from the intervention
group (student RRG680) ………………………………………….
Example of VSCS A Question #1 comparing pretest and posttest
responses from the intervention group from student RRB122
(pretest followed by posttest) ……………………………………..
VSCS A Question #1 responses from the non-intervention group
(bar graph) …………………………………………………………
VSCS A Question #2 responses for the intervention group (bar
graph) ……………………………………………………………...
Example of Question #2 of pretest VSCS A from the intervention
group (student RRG366) …………………………………………..
Example of Question #2 of pretest VSCS A from the intervention
group (student RRB110) …………………………………………..
Example of Question #2 of pretest VSCS A from the intervention
group (student RRG110) …………………………………………..
Example of Question #2 of posttest VSCS A from the intervention
group (student RRG322) …………………………………………..
Example of Question #2 of posttest VSCS A from the intervention
group (student RRB155) …………………………………………..
VSCS A Question #2 responses for the non-intervention group
(bar graph) …………………………………………………………
VSCS B student responses for the intervention group (bar graph)..
Example of pretest VSCS B from the intervention group (student
RRB340) …………………………………………………………...
Example of VSCS B comparing pretest and posttest responses
from the intervention group from student RRG344 (pretest
followed by posttest) ………………………………………………

111
113
114
115
115
116
117
118
120
121
121
122
123
124
125
128
129
130

12
LIST OF FIGURES – continued

FIGURE 19,
FIGURE 20,
FIGURE 21,
FIGURE 22,
FIGURE 23,
FIGURE 24,
FIGURE 25,
FIGURE 26,
FIGURE 27,
FIGURE 28,
FIGURE 29,
FIGURE 30,
FIGURE 31,
FIGURE 32,
FIGURE 33,
FIGURE 34,
FIGURE 35,
FIGURE 36,
FIGURE 37,
FIGURE 38,
FIGURE 39,

VSCS B student responses for the non-intervention group (bar
graph) ……………………………………………………………...
VSCS C responses for the intervention group (bar graph) ……….
Example of pretest VSCS C from the intervention group (student
RRG110) …………………………………………………………..
Example of pretest VSCS C from the intervention group from
student RRG344 (pretest followed by posttest) …………………...
VSCS C responses for the non-intervention group (bar graph) …..
Example of pretest VSCS D from the intervention group (student
RRB107) …………………………………………………………...
VSCS D responses for the intervention group (bar graph) ………..
Example of pretest VSCS D from the intervention group (student
RRB388) …………………………………………………………...
Example of pretest VSCS D from the intervention group (student
RRB399) …………………………………………………………...
Example of posttest VSCS D from the intervention group (student
RRB398) …………………………………………………………...
Example of VSCS D comparing pretest and posttest response from
the intervention group from student RRB399 (pretest followed by
posttest) ………………………………………………
Example of posttest for VSCS D from the intervention group
(student RRB611) ………………………………………………….
VSCS D responses for the non-intervention group (bar graph) …..
Pretest student activity worksheet for the intervention group
(student RRG111) …………………………………………
Graph for student RRG111 pretest activity from the intervention
group ……………………………………………………………….
Graph for student RRB107 pretest activity from the intervention
group l……………………………………………………………...
Question #1 from posttest student worksheet from student
RRB109 from the intervention group ……………………………...
Question #4 from the posttest student worksheet from the
intervention group …………………………………………………
Question #4 from the posttest student worksheet from student
RRG617B from the intervention group ……………………………
Question #7 from the posttest student worksheet from student
RRG118 from the intervention group ……………………………..
Scree plot for the exploratory factor analysis (EFA) unconstrained
for the Students’ Attitudes Toward Astronomy (SATA)
questionnaire ………………………………………………………

131
133
134
135
136
137
140
141
141
142
143
143
144
160
161
161
163
165
165
166
169

13

ABSTRACT
The purpose of this concurrent mixed methods study was to investigate the impact
on high school students’ knowledge and attitudes regarding astronomy and beliefs about
the nature of science after participating in an extended authentic, inquiry-oriented,
research experience studying variable stars using a specifically designed curriculum
guide “In the Hunt for Variable Stars.” The study gathered quantitative data using a
pretest posttest strategy on a modified form of an existing questionnaire called Students
Attitudes Toward Astronomy and four student-supplied response content surveys.
Qualitative methods included analysis of researcher’s field notes, naturalistic
observations, formal interviews, and students’ artifacts. The methods and results of this
study provided important baseline information to measure cognitive and affective
changes resulting from an authentic scientific research experience for high school
students.
Ninety students participated in a targeted instructional sequence and their
attitudes and knowledge were compared to 50 students in a comparable science course
who were not provided an authentic research experience. The results obtained in this
study strongly suggest that participation in research is successful at significantly
increasing content knowledge. All four content surveys showed statistically significant
increases for students in the intervention group as compared to the students in the nonintervention group. Qualitative results demonstrated that both groups of students initially
held naïve ideas about science and astronomy. After participation in the intervention, the
most dramatic changes were observed in students’ understanding of astronomy content.
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No substantial change was seen in students’ attitudes toward Astronomy and science but
there is evidence of some limited impacts on beliefs regarding the nature of science.
In combination, the data resulting from this mixed-method study lend
considerable weight to claim in contemporary science education reform that students will
learn and more scientifically accurate knowledge of astronomy after participating in
authentic inquiry experiences.
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CHAPTER 1: INTRODUCTION
Purpose

The purpose of this concurrent mixed methods study was to investigate the impact
on high school students’ knowledge of astronomy and variable stars as well as their
attitudes and beliefs about the nature of science (NOS) after participating in an extended
authentic inquiry research experience studying variable stars. The impact of the
experience on student’s knowledge was measured by open-ended content surveys based
on variable stars, interview questions, and classroom observations. The impact on
attitudes is measured by comparing quantitative data from a slightly modified form of a
pre-test, post-test questionnaire called Students’ Attitudes Toward Astronomy (SATA)
instrument initially developed by Zeilik (2004) and qualitative data gathered using an
ethnographic investigation of student writing and classroom observations. SATA
questionnaires attempted to measure the changes in the attitudes and beliefs before and
after participating in an authentic inquiry research experience studying variable stars.
Qualitative methods include field notes, naturalistic observations, formal interviews, and
systematic assessment of student created artifacts.
Scientists in the United States have been deeply involved in supporting and
reforming science education since the “Space Race” started with the launch of Sputnik in
the 1950’s. Despite enthusiastic and long standing interest by practicing scientists, far
too few students today are choosing to pursue a career in Science, Technology,
Engineering, or Mathematics (STEM) and those that do represent a very narrow range of
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diversity (National Academy of Science, 2006). For the US to remain a nation that the
world looks to for the newest ideas and more skilled people we need to ensure that we are
educating the next generation of researchers. The US must increase the number of
workers with a background in science and mathematics or America’s ability to compete
in the global economy will diminish (National Academy of Science, 2006).
Contemporary science education reforms emphasize that students should have
meaningful scientific research experiences that encourage them to be scientifically
literate citizens, in addition to the goal of attracting more students to STEM careers.
Current reformers, including teachers, philosophers, and scientists support the
notion that students need to be able to do more than just recite long lists of facts and
figures or perform algorithmic tasks. Simple inquiry tasks incorporate few if not none of
the features of authentic scientific inquiry (Chinn & Malhotra, 2000). Adding weight to
these perspectives, there are numerous authors in science education literature that argue a
link between the NOS and exposure to inquiry experiences (Ryan & Aikenhead, 1992).
For example, Markowitz (2004) argues how students’ participation in authentic science
investigations has had a positive affect in their achievement in science and attitudes
about NOS and how students show an increased interest in STEM careers dues to their
exposure to inquiry experiences (Markowitz, 2004).
This study addresses this idea that students who participate in authentic inquiry
experiences will have a more accurate view of the nature of science (NOS). This
availability of an authentic inquiry experience influences students’ attitudes about science
and is this study Astronomy.
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Accumulating Events

The personal growth and career pathways that science educators follow into the
educational arenas are as diverse as they are wide. My personal path to science education
has involved several activities and decisions that I have made as a classroom teacher and
science educator involved in the professional development of other teachers. These
activities include my involvement in science fairs at the schools in which I was a
classroom teacher, professional development activities, and workshops, including
National Board Certification and a natural curiosity for the many conundrums that the
natural world provides for us as humans. I have provided a short description of these
events to enhance the reader’s perspectives on my research and its direct applicability to
science education.
I attended a regional, four-year university in the Midwest not far from my home
town. Several of my high school classmates also attended this university. We all
selected life science undergraduate majors in which a majority of our class schedules
tended to be quite similar. During these four undergraduate years, I led of class study
sessions in which I helped my peers master the scientific concepts we were studying.
Several times my classmates noted that I had a natural skill for representing the content
material in a readily accessible fashion. After my undergraduate degree in Biology, I
pursed a master’s degree in Biology, in the discipline of Botany. During this time, I
participated as support staff in several of the science competitions that the university
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hosted for high school students. My educational activities included everything from
science fairs, knowledge competitions, and supervising short-term summer research
programs.
When I completed my graduate degree in Biology, I decided to finish the
additional courses required for acquiring a teaching certificate in secondary science and
pursue a job teaching high school science. I taught the life science classes of Biology,
Anatomy and Physiology, and Microbiology. During this first teaching job, I helped
support our school’s science fair program, developed and sponsored a science club, and
established a science knowledge competition at our school that mimicked the competition
that was held at the University that had as an undergraduate. I could readily see the
program’s many benefits to the students in all levels. If presented students with a very
different flavor of science that they were most often experiencing. One common
characteristic that these students had the opportunity to experience was the ability to
participate in scientific discourse. They also exhibited, what seemed to me to be a
stronger understanding of the NOS.
In 2000, I devoted 12-months time to earning National Board Certification in
Young Adult/Adolescence Science. The process required considerable reflection on my
part toward my underlying motivations for pedagogical decision making. During this
same time period, several of my students were participants in the International Science
and Engineering Fair. I also was accepted into an NSF-funded teacher enhancement and
leadership program called Toward Other Planetary Systems (TOPS) that provided
research experiences for teachers program at the University of Hawai’i. Together, these
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experiences helped me gain a more holistic perspective on the challenges of teaching and
learning in science from an inquiry-perspective.
After 2003, I was selected for a teaching position in which I taught Biology and
Physical Science in a dramatically different school with a significantly lower
socioeconomic and more diverse school population than my previous school. Most of the
students in my classes rarely were considered to be college-bound. I had devoted
considerable time contemplating the novel research experiences that students in my
previous school achieved by participating in science fairs, and I discovered that I wished
all of my new students could meaningfully participate in such an experience. To increase
my skills and abilities to bring science investigations to my students, I continued to attend
the University of Hawai’i TOPS program focusing on inquiry oriented astronomy in the
classroom for two additional years.
The observational astronomy research topics seemed to be a logical fit for a
research experience for all of my students. With the help of the Internet and inexpensive
software or with a low-cost telescope, astronomy is field of science that allows one to
participate in without being an expert in the field or purchasing expensive equipment.
One simply needs motivation and the free eyepieces proverbially located between one’s
ears. Each year I would try different aspects of the astronomy research program from the
TOPS program with my students. The major roadblock in the Midwest was not
equipment, rather it was the weather: It can be cloudy a majority of the time during the
school year, which interferes with telescope observing.
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During the final year of the University of Hawai’i TOPS program, a large amount
of time was devoted to the practical use of computer technology and the Internet to data
mine astronomical databases that is widely available on the internet. I again brought this
project back to the classroom for my students but found larger implementation barriers
than the weather. Overall, the students enjoyed studying astronomy by finding and
analyzing data from the Internet, yet problems still arose. One of the most frustrating
was that the computer programs could not open the files. Moreover, the procedure for
doing research on Internet data simply was not refined enough that the typical student
could engage with it deeply for sustained periods.
I saw that there was inherent value applying this ‘data-mining’ approach in that
my students of all levels of SES and academic success, at least had access to use the
internet to study astronomical topics and conduct observational research. Databases of
images do exist, for students to download and conduct research, i.e., Stardial, but the
experimental-protocols are not immediately obvious. Other online databases and internet
accessible datasets are on the horizon, the National Virtual Observatory (NVO) being the
largest to come within the next decade. With encouragement and support of the late Dr.
Janet Mattei, the Director of the American Association of Variable Star Observers
(AAVSO), I decided to purse research on how students could most effectively and
appropriately use these online accessible datasets, and for the majority of the programs,
free of cost software analysis tools for conducting variable star research and engaging in
authentic scientific inquiry. I left my teaching position and decided to pursue a Ph.D. in
Teaching and Teacher Education at the University of Arizona.
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As a first step, I created a curriculum packet called “In the Hunt for Variable
Stars” which was specifically designed to promote authentic research experiences for
students by providing detailed research protocols. Several high school classes in
Southern Arizona participated in this research study. Students in this study are exposed
to actual astronomical data, the actual astronomical software analysis tools for analyzing
online data, and immersed in an authentic research activity on variable stars. It was our
goal that an extended exposure to authentic experiences results in encouraging students to
develop a more accurate sense of the nature of science.

Inquiry and Reform

The research on inquiry and reform has many diverging tangents and unexpected
outcomes. To narrow the possibilities, one can use the definitions of inquiry in the
National Research Council (NRC) National Science Education Standards (NSES) to
serve as the framework for this research study (National Research Council, 1996). The
literature base describing inquiry can be summarized as specifying types or levels of
inquiry that include: hands-on, guided, open, minds-on, authentic, and laboratory
experiences (Chinn & Malhotra, 2002; Colburn, 2000). Closely related to this are the
nuances associated with the NOS and what this actually means in the context of
contemporary science education. Two reform efforts show a strong emphasis on students
using, understanding, and implementing an understanding of the NOS. The American
Association for the Advancement of Science (AAAS) Project 2061 Benchmarks (1993)
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and the NRC’s production of the National Science Education Standards (NSES) strongly
support the inclusion and emphasis of the NOS in science education (National Research
Council, 1996). The documents describing the NOS are diverse and range from students
beliefs and attitudes to simulating the activities of professional scientists.
There are many barriers to successfully implementing the inquiry-orientated
vision of current reform efforts. These include time, money, release time, energy,
administrative support, class time, and the lack of other resources (Duffrin, Cuson, &
Phillips, 2005; Ediger, 2001). Reform literature supports the role of the teachers as
mentors in research experiences for students and centers on the theoretical frameworks of
apprenticeship learning, legitimate peripheral participation (LPP), situated cognition, and
authenticity (Barab & Hay, 2001; Hay & Barab 2001).
When the ideas of inquiry, authenticity, research experiences for students,
mentoring, and LPP come together into the science classroom, there are important areas
that are still not fully described in the existing literature base. Many authentic research
experience studies concentrate on the effectiveness of the treatment and do not focus on
students’ perceptions, beliefs, and ideas about the NOS (Munby & Russell, 1987). Many
authors and advocates use the aforementioned support documents to justify using
authentic research experience as an effective treatment as viable and valuable. In light of
these perspectives, it is clear that more systematic studies need to be conducted that focus
on impacts on the individual student level. In particular, science education reform efforts
have great potential to be improved if one understands, “How does the average student
perceive the NOS, and what is the impact on student perceptions after participating in
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authentic research experience?” The research in this study focuses on students’
perceptions and beliefs regarding the NOS after an authentic research experience that is
classroom based, rather than the more typical science fair setting. Moreover, the
proposed research will inform and serve to support educators who are able to seamlessly
implement the notions of current educational research and contemporary reform efforts
and provide a firm foundation for why they should allocate the time and energy to pursue
an authentic research experience in their classroom. The research specifically
investigates the impact of an authentic research experience studying variable stars, on
students.

Inquiry Defined for the Current Science Education Culture

The term scientific inquiry has many meanings (Colburn, 2000). The questions
that need to be at the forefront of the present discourse regarding inquiry are: What is
scientific inquiry? What is scientific inquiry in science education? What does scientific
inquiry look like when enacted in an actual classroom? To answer these questions, one
must systematically look to the educational research in both the educational standards and
teacher certification. Emphasis is given to the different meanings that exist about what
scientific inquiry is.
The National Science Education Standards (NSES) can be paraphrased to describe
inquiry is as multifaceted activity that involves making observations; posing questions;
examining books and other sources of information to see what is already known;
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reviewing what scientific evidence has already been discovered; using tools to gather,
analyze, and interpret data; proposing answers, explanations, and predictions; and
communicating the results. This is wholly consistent with NSES statements about the
NOS is what is expected of teachers, presented in professional development standards, at
all levels to know and be able to do in regard of science and inquiry endeavors (National
Research Council, 1996).

“Cook-Book” Inquiry

The first level of scientific inquiry found in science classrooms is commonly
referred to as “cook-book” or “verification” activities (Colburn, 2000). This approach to
teaching is readily available as a quasi-form of inquiry that is common in many science
classrooms. It can be characterized as teachers asking students go to an assigned page in
a laboratory book that often corresponds explicitly to their textbook. Students were asked
to follow the step-by-step instructions, and then present their results as compared to a
“correct” answer. Teachers that use this type of inquiry might argue that the students are
participating in a ‘hands-on’ activity because something is being manipulated with one’s
hands. However, “cook-book” or verification activities, even when based on a hands-on
approach, are pedagogically questionable regarding whether they engage students in an
inquiry experience and their lasting educational impact (Alouf & Bentley, 2003). To a
teacher concerned with limited budget, planning time, and classroom space, this type of
activity may seem like the only scientific teaching tool available to them which exposes
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students to the use of laboratory equipment, technology, and methods used in science
inquiry. This scenario can be amplified by novice teachers facing challenging classroom
management issues and are struggling to direct and control student behavior.
An additional aspect which reinforces the use of “cook-book” and “verification”
activities is that pre-service teachers are often being exposed to inquiry-free laboratory
experiences as part of their conventional undergraduate education. It is generally
accepted that even in some science teacher preparation courses pre-service teachers are
rarely exposed to actual scientific inquiry which supports the truism that teachers teach as
they were taught and teachers often shy away from inquiry. The end result is an implicit
emphasis on teaching as telling, and when coupled with high-stakes testing, it is not
terribly surprising that teachers can feel overwhelmed and unsure about how to
meaningfully implement inquiry in the classroom (Alouf & Bentley, 2003).

Guided and Structured Inquiry

Guided inquiry is the next level of inquiry serving as a sort of a hybrid between
“cook-book” verification activities and authentic scientific inquiry. One approach to
achieving guided inquiry in the classroom is by retrofitting and extending a “cook-book”
activity. In the structured approach, the teacher presents the students with a conventional
laboratory investigation with expected results. The modification is to give the students a
novel idea or new problem context in which to investigate using the methods that were
illustrated in the “cook-book” activity. In the guided approach, the students are centered
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on a common goal that the teacher has derived. The students design how they are to
solve the problem and the teacher provides only the materials and the problem to
investigate (Colburn, 2000). The effectiveness of this approach depends somewhat on
how well the teacher facilitates the student behaviors. If the teacher treats this experience
simply as additional activities within the conventional verification laboratory exercise,
then the students miss the crucial inquiry part of the investigation and simply search for
the correct answer.

Authentic Open Inquiry

To teach using a pure inquiry approach requires more than simply the desire on
the part of the classroom teacher. Effectively implementing an inquiry-based approach
requires that parents and other school building members, from the principal to the
custodians, everyone needs to be supportive of an inquiry-focused program. In terms of
parental support, they need to understand that student activities might look somewhat
different from the conventional school activities they remember from their youth. For the
principal, support might take the form of spending more of a scarce budget on science
curriculum and materials for it is hard to immerse students in scientific inquiry without
consumable manipulative materials and equipment. Similarly, the custodian will likely
have to be involved in the cleanup of activities that might include the disposal of
biohazard wastes. In the end, successful implementation requires a team effort.
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In stark contrast to cook-book, verification activities, the highest demands on the
teachers’ abilities, time, and resources result from implementing open, authentic,
scientific inquiry in the classroom. The purest, authentic, open-inquiry experiences
immerse students in the scientific inquiry process in that they work collaboratively and
have active roles in the design and implementation of the investigation (Aikenhead, 1986;
Barron et al., 1998; Hay & Barab, 2001; Reiff, 2005). This is often characterized as
students being engaged in questions of their own devising, students pursing and
organizing evidence to answer their questions, and students communicating and
defending results.
Authentic scientific inquiry in science education attempts to simulate the
processes that are conducted by research scientists. In some scientific endeavors, this can
be a complex activity that uses expensive equipment, elaborate procedures and theories,
specialized expertise, and use of advanced techniques for data analysis and modeling.
Most authentic scientific inquiry involves systematic comparisons such as experiments,
quasi-experiments correlation studies, and comparative case studies (Chinn & HmeloSilver, 2002). On the other hand, authentic inquiry can be conducted without extensive
equipment, resources, and expertise, as long as the goal is NOT to conduct publishable
scholarly research. According to Barab and Hay (2001), authenticity is achieved by
having students actually do science through the pursuit of evidence based solution
creation and can be achieved through “simulation” or “participation” models for
establishing authentic learning environments. In this approach, it is anticipated that
students generate personal and meaningful questions and invent fruitful explanations
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supported by evidence they collect. Students also use and refine communication skills in
order to justify their results based on logic, evidence, and justified intuition through an
emphasis on observing, measuring, and recording data (Abell, 1999).

NRC National Science Education Standards and AAAS Project 2061

The National Research Council (NRC) developed the National Science Education
Standards (NSES) (1996), based on four overarching principles: (1) science is for all
students, (2) learning science is an active process, (3) school science reflects the
intellectual and cultural conditions of the practice of contemporary science, and (4)
improving science education is part of education reform. Underlying much of the current
science education reform efforts is a unified goal to provide students with experiences
and knowledge that allows them to participate in the scientific enterprise and become be a
part of a scientific literate society. The NRC defines scientific literacy as having the
knowledge and understanding of scientific concepts and processes required for personal
decision making, participation in civic and cultural affairs, and economic productivity.
The NRC warns that teachers conducting hands-on activities are not necessarily using
inquiry automatically; rather, teachers need to use a variety of tools and resources to
promote inquiry in the classroom.
In parallel, the American Association for the Advancement of Science (AAAS)
developed guiding documents to help guide the reform movement in science and
mathematics, emphasizing science being for all students. Project 2061 produced a
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hallmark document know as the AAAS Benchmarks for Science Literacy. Project 2061
emphasizes that learning should center more on scientific literacy and less on the
individualized disciplines. The Benchmarks describe inquiry as being much more than
making copious amounts of data observations and then organizing them. It rests of an
underlying philosophical position that students who participate in investigations that
simulate science have a more accurate picture of what scientific research truly involves
(American Association for the Advancement of Science, 1993).

Apprenticeships, Situated Cognition, and Legitimate Peripheral Participation

Apprenticeship learning is another approach to providing authentic experiences
for students which is characterized by placing students in the active seat of learning and
into the open, authentic domain. Students are directed to spend time collaborating and
apprenticing with a scientist by immersing themselves in their partnership with a scientist
(Richmond & Kurth, 1999). This approach is somewhat reminiscent of the educational
paradigm used for students pursing advanced science degrees in graduate school.
The apprenticeship experience can also be described as exemplifying legitimate
peripheral participation model (LPP). In LPP, students gain skills, strategies, and tools
that they can take back to the classroom for scientific investigations. But possibly more
important, LPP hopes for students to develop an understanding of the scope and nature of
scientific research and the NOS. During an appropriate apprenticeship students have the
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opportunity to see that the research they are conducting can be full of mystery and
exciting uncertainty (Hay & Barab, 2001).
A contrast of constructivist learning with apprenticeship learning was discussed
by Hay and Barab (2001). On one hand, the focus in constructivism is on the individual
learner and poses questions such as: What did the learner actively do or engage in?
Alternatively, the apprenticeship learning focus is placed on the community rather than
the individual. In school settings, LPP emphasizes the authenticity, ownership, power,
and task structure. Authenticity is accomplished by simulation of the participation model
where the classroom environment should be as similar to the community of practice as
possible. In this participation model students are engaged at the “elbows of experts.”

Research Questions

My involvement and passion for inquiry in science education has driven me to
pursue and develop inquiry experiences that work. Students all too often seem to have
only a few chances in their education to experience true, open, authentic inquiry. The
limitations to bringing inquiry into the classroom are diverse and immense but I believe
that there are opportunities and ways in which students can have a first hand experience
with scientific inquiry. Based on the previous mentioned perspectives, the current
research project is driven by two research questions.
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(1) What impact does participating in an authentic inquiry research experience
have on high school students’ knowledge about variable stars and
astronomy?

(2) What impact does participating in an authentic inquiry research experience
have on high school students’ attitudes about science?

(3) What impact does participating in an authentic inquiry research experience
have on high school students’ beliefs about the nature of science?

In order to pursue these questions, the research was designed with the null
hypothesis: there is no significant difference in students’ attitudes and beliefs toward the
NOS as a result of participation in an authentic inquiry research experience based on the
principals of LPP and consistent with the educational reform documents from the AAAS
and NRC. Similarly, I am testing the null hypothesis that there is no significant
difference in students’ understanding of variable stars after participating in an authentic
inquiry research experience based on the principles of LPP.
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Theoretical Framework

Student Knowledge

In this research student engagement will be a key component to the authentic
research experience. Students need to have opportunities to increase their abilities to
create meaning, understanding, and knowledge through experience. Students in this
model are not seen as empty vessels waiting for teachers to fill in the knowledge
(National Research Council, 1999).
There are two models of learning that the students will be exposed to:
constructivism and apprenticeship learning environments. Constructivism has several
interpretations and definitions. Hay and Barab (2001) make a distinction between
constructivist learning and apprenticeship learning (situated cognition). The newcomer
(beginner or novice) is gradually enculturated into the community of practice. He or she
observes the expert in the community, practices the tasks assigned, and then begins to
become more and more engaged in the sociocultural practice. Apprenticeship learning
provides coaching, model proficiency, scaffolding, and opportunity for independent
practice with critical feedback. Here there can be an emphasis on collaboration and
cooperative learning.
Attention in apprenticeship learning should address the following four aspects:
authenticity, ownership, power, and task structure. Authenticity is defined as being
aligned with the cultural world of the scientific enterprise and can be accomplished
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through a simulation or participation model. In the simulation model, the classroom
environment is to be set up as similar to the community of practice as possible. In the
participation model, students are engaged at the “elbows of experts.” In this approach, it
is important that students have the expectation that they are helping the scientist and
supporting the community of practice (Hay & Barab, 2001).
Lave and Wenger (1993) argue that learning is not just situated in practice.
Legitimate Peripheral Participation (LPP) is described as the engagement in social
practice that entails learning as an integral and valued part. They continue to discuss how
LPP is not part of an education form but a way to a way to analyze and look critically at
learning.

Variable Stars

Astronomical datasets are widely available from the Internet. This availability
allows for students with an Internet connection to pursue scientific endeavors that do not
have the limitations of funding, resources, competitive telescope time, and data limited to
the laboratory. Stardial is an autonomous electronic camera that delivers images of the
night sky and makes them available to anyone with an Internet connection (McCullough
& Thakkar, 1997). This availability of free astronomical data makes the study of variable
stars viable in a majority of science classrooms. Student labs are considered the
backbone of the investigatory make-up of most disciplines that require the student to
acquire skills and knowledge about how investigations are carried out. Astronomy
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should also have this component, and the database of images provided by Stardial makes
this investigation possible for the typical science classroom (Oostra, 2006). In the Hunt
for Variable Stars introduces and helps students develop the skills necessary to study long
period variable (LPV) stars known as Mira stars. Kaler (2006) explains that studying
Mira stars using Stardial images does not provide students with canned data therefore it
cannot be classified as a verification study. This, paired with the easy access to data,
provides a fertile way to immerse students into authentic inquiry experiences.
The American Association of Variable Stars Observers (AAVSO) has recently
developed education goals that includes: (1) to attract, train, and retain new variable star
observers and members of all ages, (2) to increase awareness, understanding, and
appreciation of variable star astronomy, (3) to improve science education and literacy
through the unique power of variable stars, and variable star observing to motivate
students, young and old (American Association of Variable Star Observers, 2006). The
AAVSO collects experimental data from amateur astronomers and acts as a gate keeper
of scientific data on variable stars which are a pertinent and integral part of professional
astronomy. The students participating in the curriculum “In the Hunt for Variable Stars”
curriculum have the opportunity to submit their data to the AAVSO and contribute to the
scientific enterprise of variable star astronomy in a real-world and real time method.

35
Nature of Science

Although many of the philosophical perspectives about the precise nature of
science and how it differs from other ways of knowing are too abstract for students
(Alters, 1997; Lederman & Niess, 1997), these perspectives are well within the cognitive
grasp of most teachers, who may have an outdated view of the NOS. Many teachers, like
their students, still see science as absolute, unfaultable (infallible), and uncreative
(Lederman, 1999). Lederman reports that there have been many efforts to modify
teachers’ conceptions of the NOS. Many teachers believe that students will come to an
adequate understanding of the NOS through the recent push to include inquiry into the
classroom. Lederman argues that the NOS of science in and of itself does not come
naturally (Lederman & Niess, 1997). Students in America’s classroom see science as
something in which only someone who is highly intelligent, organized, and motivated can
participate in. Most students envision scientists as being white males with glasses and
facial hair (Barman, 1997). It is also rare that students have role models in science that
are of an ethnicity other than white or female.

Significance of the Study

This study places an emphasis on how authentic inquiry experiences impact high
school students’ attitudes and views of the nature of science and astronomy. The
literature reviewed on students’ understanding and beliefs about the NOS are insufficient
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to guide instructional decisions as most studies report only on how students’ achievement
in science has had positive changes or how students show an increased interest in science,
technology, engineering, and mathematics (STEM) careers due to their exposure to
inquiry experiences (Flick & Dickinson, 1997). The results of this study offer an
important contribution to the body of research by focusing on students’ beliefs and
attitudes toward the nature of science and astronomy in the context of participating in
scientific inquiry.
The value of this study resides in the idea that many students lose interest in
STEM careers prior to their high school experience. The study considers an inquiry
instructional experience that lasts several weeks. Typically, traditional classroom
settings do not seem to provide students with the sufficient time or opportunity to
investigate a problem more than superficially. Students are rarely given enough
opportunities to refine their question, analyze data, or even sometimes communicate the
results of their experiment.
Authentic scientific inquiry experiences can range from science programs where
students are observers of science (e.g., science camps) to full apprenticeships with a
research scientist who is conducting ‘real’ scientific research. There exists an
opportunity to impact students’ attitudes and beliefs at the secondary level because this is
the time period in which students are forming their beliefs about the nature of science
(Cobern, et. al., 1999).
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Limitations

It has been reported in the literature that students lose interest in Science,
Technology, Engineering, and Mathematics (STEM) careers between middle and high
school years (Oliver & Simpson, 1988). It was expected that participation in the
curriculum packet “In the Hunt for Variable Stars” designed for this study (Appendix P),
will help promote interest of the participating students. It would then be expected that the
participants’ attitudes toward science should either remain constant or increase.
This study provides evidence to support the assumption that students who
experience authentic inquiry experiences will have an increased interest in science,
science technology, and mathematics. There are very few opportunities for students to
have authentic experiences in the field of astronomy due to the fact that telescope time
for the large research telescopes is very expensive and competitive. These telescopes are
also usually in remote locations that students would not have easy access to be able to use
these instruments.
The project considers ways students can interact with astronomical data in the
same way that an astronomer would interact with data from the research telescope. The
data that the students are given are research quality images and data. This immerses the
students in the field of astronomy and technology.
The Student Attitude Toward Astronomy (SATA) surveys were expected to show
gains from pre-participation to directly after participation as a result of the content in the
curriculum “In the Hunt for Variable Stars” and the nature of the authentic inquiry
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research experience. But, due to the nature of the SATA survey, the data obtained in
these surveys is not likely applicable through long periods of student maturation because
academic skills they would learn during their academic career following their
participation would influence the results in unpredictable ways. The SATA survey was
created by Zeilik (2004) for college level students.
This same bias would be evident in the interview transcripts, but the hope is to
show the students’ attitudes and beliefs about science and astronomy and not solely
content knowledge growth. It was presumed that the students demonstrate either the
same or increased level of attitudes and beliefs through each of the interviews.
The first major limitation to the study is attrition. The students chosen to
participate were, at the time of the study, transient and could change schools, teachers, or
simply loose contact with the researcher. It was possible that students will have a
positive reward first by being recognized as part of the network of students participating
in the curriculum packet “In the Hunt for Variable Stars.” It is also possible that students
could get rewards in their local, district, state, and national science fairs.
The second limitation is the ability of the study to generalize widely. The
research study focuses on students’ beliefs and attitudes toward science and astronomy
after participation in the curriculum packet “In the Hunt for Variable Stars”, which could
be considered to be a highly specialized experience. Similarly, the relatively small
sample size and scope of the research geographically also impacts the generalizability of
the study. This study focuses on the impact of authentic research experiences studying
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variable stars only on high school students’ attitudes and beliefs toward the nature of
science and astronomy.
Other limitations exist, but are less influential. The authentic research is
technologically based and represents only one form of authentic inquiry experience that
students could participate in studying variable stars. The quantitative methodology does
not explicitly study a non-treatment group for comparison in this quasi-experimental
design. The ability to generalize from this study is limited by the demographics and ages
of the students in the study. High attrition rates of students in the study could be
problematic when looking at pre and post intervention (authentic research experience).

Conclusions

In this chapter, the significance and major limitations of this research study were
discussed. In the subsequent chapter, Literature Review delineates the lens that the
researcher uses in terms of the different levels of inquiry. Verification studies, structure
or guided inquiry, and open and authentic inquiry are levels of inquiry included.
Authentic inquiry in terms of this research is aligned with the notion that activities that
are as close to the work or real scientists, astronomers in this study, are in the realm of
authentic inquiry experiences.
Rieff (2005) investigates scientists’ conceptions of the scientific method. Many
students learn science by the linear, step-by-step process. The work presented in Rieff’s
study shows that scientists are hard pressed to express this linear pathway to the scientific
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process when asked to describe what the process is to them (Reiff, 2005). Educators
need to have an accurate conception of what a scientist contributes to science and the
pathway to those contributions for more than one approach or discipline. Educators and
scientist have created partnerships with the teacher and/or the student(s) to increase the
accuracy of this conception of what it is that a scientist does.
Social constructivism rests on the idea that each of us creates knowledge no alone
or in isolation but socially with others in our environment. Lave and Wenger (1991)
discuss this creation as being framed in the level of participation by the learner. Couple
this with apprenticeship learning environments; it is easy to see the social aspect of
learning.
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List of Abbreviations

AAAS
AAVSO
AP

American Association for the Advancement of Science
American Association of Variable Star Observers
Advanced Placement

ASP

Astronomical Society of the Pacific

CEU

Confidence, Enjoyment, and Understanding

DI

Difficulty/Insecurity

EFA

Exploratory Factor Analysis

ESL

English Second Language

ISEF

International Science and Engineering Fair

LPP

Legitimate Peripheral Participation

LPV

Long Period Variable

NBCT
NBPTS

National Board Certified Teacher
National Board Professional Teaching Standards

NRC

National Research Council

NSF

National Science Foundation

NSES

National Science Education Standards

NSTA

National Science Teachers’ Association

NVO

National Virtual Observatory

SATA

Students’ Attitudes Toward Astronomy

SATS

Students’ Attitudes Toward Statistics
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List of Abbreviations continued

SES

Social Economic Status

SOA

Scared of Astronomy

SSP

Scientist Student Partnership

STP

Scientist Teacher Partnership

TOPS

Toward Other Planetary Systems

VSCS

Variable Star Content Survey
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Definitions of Terms

Apprenticeship – learning is focus on the community and not the individual. The
newcomer (beginner or novice) is gradually enculturated into the community of practice.
It provides coaching, model proficiency, provides scaffolding, and then allows for
independent practice.
Authentic – representative of the activities that are found in a community of practice.
Authentic scientific inquiry – the inquiry that is actually being conducted by scientists in
the realm of research in science. Characterized by: the expertise of the scientist,
expensive and technological equipment used, complex procedures and methods, and the
models for data analysis.
Benchmarks – a set of standards produced by the American Association for the
Advancement of Science which provides guidelines to help science educators provide
science for everyone and to promote a scientific literature society.
Community of Practice – a set of relations among persons, activity, and world, over time
and in relation with other tangential and overlapping communities of practice.
Cook-Book – lowest level of inquiry skills where students verify known outcomes using
known procedures. Equivalent to verification inquiry tasks.
Constructivism – focus in on the individual learner. Students have the ability to create
meaning, understanding, and knowledge. They are not just empty vessels or pages
waiting for teachers to fill in the learning.
Data mining – A technique used by astronomers in which they acquire astronomical
images or data sets in which they did not collect the data. Most astronomical data can be
used in many different types of investigations.
Guided Inquiry – teachers provide students with the problem to investigate in which the
answer is not known. The students are given the procedure. The medium level inquiry
task.
Legitimate Peripheral Participation - learners participate in communities of practioners
and that the mastery of knowledge and skill requires newcomers to move toward full
participation in the sociocultural practice of community.
Inquiry – investigations of the phenomenon of the natural world.
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Definitions of Terms continued
Open Inquiry – teachers allow students to define and develop their own investigations.
Highest level of inquiry tasks and equivalent to authentic inquiry.
Situated Cognition – based on idea that there is no activity that is not situated. Learning
is dependent on by the situation and social context.
Verification studies – equivalent to cook-book inquiry. The lowest level of inquiry in
which students simply verify a given outcome given a static set of procedures to follow.
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CHAPTER 2: LITERATURE REVIEW
Introduction
The phrase ‘scientific inquiry’ has many meanings and connotations in the fields
of science and science education. In the literature encompassing science education, there
are often different levels or types of inquiry along with diverse meanings dependent on
the context. It is important to discuss these types and definitions so that they are
explicitly delineated and defined for the purposes of this study. Authentic inquiry, in
particular, is highly embedded in the investigation in the research of presented here. In
fact, the impact of participating in authentic experiences on students’ attitudes and beliefs
regarding the nature of science is the very core of this investigation.
It is pertinent to describe the meaning of authentic scientific inquiry as seen
through the lens of the researcher. In a traditional sense, scientific inquiry has students
doing experiments or laboratory activities in which there is a correct answer and specific
expected outcome. Students are not often required to think outside of or beyond the
immediate experience rather, most students in this learning environment are aware that
they are simply looking for the correct results or answers.
An overview of a relatively large body of literature encompassing the definition
and types of inquiry is provided here. Additional notions are investigated as well which
include situated cognition, legitimate peripheral participation, apprenticeship learning,
and the nature of science concepts. Each of these concepts is a contributing factor to the
overall impact of authentic research experiences on students.
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Definitions of Inquiry

The 1996 National Science Education Standards (NSES) description of inquiry
can be paraphrased as inquiry is a multifaceted activity that involves making
observations; posing questions; examining books and other sources of information to see
what is already known; reviewing what scientific evidence has already been discovered;
using tools to gather, analyze, and interpret data; proposing answers, explanations, and
predictions; and communicating the results. Engaging students in inquiry helps students
to: (1) understand scientific concepts; (2) have an appreciation of ‘how we know’; (3)
understand the nature of science; (4) have skills necessary to become independent
inquirers; and (5) have the disposition to use the skills, abilities, and attitudes associated
with science. Students at all grade levels in every domain should have the opportunity to
use scientific inquiry and develop the ability to think in a way associated with inquiry
(National Research Council, 1996).
The American Association for the Advancement for Science (AAAS) Project
2061 benchmarks describes inquiry as more than making careful observations and then
organizing them. When students themselves participate in scientific investigations, then
they will have a more accurate view of the nature of science. This view includes a
description of how inventive and imaginative science is and can be. Children should also
have lots of time to talk about what they observe and to compare their observations with
others (American Association for the Advancement of Science, 1993)..
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The first level or type of inquiry the literature describes is composed of
experiences where students follow a predetermined procedure that results in a given and
known outcome. This is likely the most common form of inquiry found in science
education classes. There are several descriptors of this type of inquiry: structured
(Colburn, 2000), closed (Berry, Mulhall, Gunstone, & Loughran, 1999), simple (Chinn &
Molhotra, 2002), expository (Berg, Bergendahl, Lundberg, & Tibell, 2003), and most
commonly known as “cook-book” (Alouf & Bently, 2003; McComas, 1997). Most
laboratory experiences are widely considered valid as a pedagogical tool because they are
considered “hands-on.” In this scenario, students are manipulating equipment and
interacting with their environment in a tactile, senses-rich way.
Haury and Rillero (1994) describe hands-on learning as a common phrase or
metaphor used in science education. The term “hands-on” has as much ambiguity in its
definition and application as scientific inquiry. This can be seen in definitions reported
by teachers that include: learning by doing, students engaging in critical thinking, and
student involvement in the total learning experience (Haury & Rillero, 1994). Proponents
of hands-on learning would say that it could also be described as inquiry learning and
minds-on. Many instances in the literature discussing “hands-on” investigations are
criticisms and consider these activities to not be a minds-on activity. Most hands-on
activities are textbook based or tied to curriculum packages published explicitly to bring
“hands-on” material to the classroom and rarely allow the students to experience the
process of inquiry themselves (Alouf & Bentley, 2003).
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Most teachers both in-service and pre-service report that hands-on science is
essential for science education. Though they express this importance, the majority of
teachers may not understand the benefits to student learning that inquiry experiences can
have. There are several reasons that teachers report for not including hands-on activities
in their classroom which include: too much work, too chaotic, lack of content
knowledge, time consuming, and not enough materials (Crawford, 1999; Sumrall, 1997).
Compounding the problem are systematic issues including textbook inadequacies, a
proclivity toward teaching-as-telling, and high-stakes standardized tests emphasizing
memorization.
According to Berry, Mulhall, Gunstone, and Lundberg (1999) students find
limited application to the laboratory experiences that they have during their high school
career. In investigating student experiences it is hard to find one distinct laboratory
experience that helps their understanding of science. One rationale for teachers to do
hands-on activities and laboratory procedures is for students to learn processes and the
nature of science concepts. These experiences show little signs of meaningful student
learning. Most students are unable to accuaretly explain why they are doing the
laboratory experience for a reason more than simply verifying a theory that they have
learned previously. There is scant or no evidence that students reflect on the value of
their observations or of having mental engagement.
Guided inquiry is the next level or type of inquiry. This type is most easily
characterized as the teacher provides students with problems to investigate and the
needed materials or procedures. What is particularly distinctive of this type is students
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devise their own protocol or procedure to solve the problem rather than following a predescribed set of steps (Colburn, 2000). Guided inquiry can be considered as a hybrid
between structured inquiry and open inquiry. One way that a teacher can use this form of
inquiry is to extend a previously conducted structured verification inquiry activity (Slater,
Beaudrie, & Fixen, 1998). The teacher would present the students with an introductory
activity with expected results to serve as a foundation for the next part of their inquiry.
The students would be presented with an idea or problem to investigate using the tools or
skills learned in the introductory event. In this approach the students are centered on a
common goal that the teacher derives. The students are then required to design how they
are to solve the problem.
At the other end of the spectrum open inquiry or authentic inquiry is the most
complex for both students and teachers. Students formulate their own problems to
investigate, design the protocols, do the investigation, and analyze their results.
According to Chinn and Hmelo-Silver (2002) authentic inquiry refers to activities that
scientists engage in while conducting their research. Authentic inquiry is often
expensive, complex, has elaborate procedures, and has specialized techniques and
technical or specialized expertise needed. For teachers the roadblocks to open inquiry
involve time, resources, and expertise. Inquiry is considered the prototypical activity of
scientists which is absent in all the schools investigated by Roth and Bowen (1995).
They reported a study by Pizzini, Shepardson, and Abell (1991) that analyzed three junior
high school textbook series that account for 44% of the textbooks used in the United
States. Not one of the activities was rated as guided or open inquiry. Pizzini et al. (1991)
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report that open inquiry involves (1) the identification of problems and solutions; (2) the
students’ own design of procedures and data analyses; (3) formulation of new questions
based on previous claims and solutions; (4) the development of questions based on prior
knowledge; (5) the linking of experience to activities, science concepts, and science
principles; and (6) the sharing and discussing of procedures, products, and solutions
(Roth & Bowen, 1995).
Science fairs are a common example of open inquiry (Colburn, 2000). Authentic
problems differ significantly from verification laboratories where students search for the
right answer. Colburn (1997) describes ways to make activities more open by
considering the amount of student involvement in decision making and in the
investigation itself. One problem denoted by Means (1998) is that the field of science
education has not yet achieved a clear, shared understanding of the essential
characteristics of authentic science within the context of K-12 schools. According to
AAAS Project 2061 (1993) students, not the teacher, should decide the question to be
investigated, what apparatus to use, what data to collect, and how to organize the data.
Students also need time to repeat the investigation if needed and to present their
conclusions for others to critique. Inquiry activities should engage students in significant
issues in the nature of science because laboratory exercises convey ideas and conceptions
of science processes and construction of knowledge (McComas, 1997). Classrooms
should resemble a scientific research laboratory and the activities should support the
students working in social groups (Burbules & Linn, 1991).

51
There are many positive gains for students participating in open inquiry
experiences which include positive learning outcomes, preparation time (which allows
time for the students to reflect), and students perceptions of the experiment (Berg,
Bergendahl, Lundberg, & Tibell, 2003). Yerrick (2000) studied low achieving;
marginalized school students participated in open inquiry and found three distinct areas
of improvement. These areas of improvement were: (1) students’ understanding of the
tentativeness of knowledge claims, (2) students’ use of evidence and (3) students’ views
regarding the sources of scientific authority. Abraham (2002) reports that students who
participate in authentic research projects with scientists have an increased level of
excitement, improved understanding and increased motivation for studying science,
interpersonal and intrapersonal growth, and a positive change in their views of scientists
and the nature of science. The more authentic the experience can be for students, such as
in apprenticeship learning, the more likely those students will learn about aspects of
scientific inquiry (Ritchie & Rigano, 1996).
John Dewey (1938) wrote that the goal of education is to help students lead lives
which are rich in worthwhile experiences and that static lines between work and play,
thought and action, should be erased. Students and teachers should, according to Dewey,
find both personal fulfillment and social well-being in their daily activity. The test of the
importance of knowledge was how useful it was to everyday human experiences. Dewey
made a distinction between ordinary everyday experiences and an experience. He
believed that students go beyond the understanding of concepts to an experiencing of the
world through ideas. Dewey’s ideas are commonly used to validate the foundation of the
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reform movement of ‘hands-on’ and ‘project based learning’ but these concepts only
touch on the deeper meaning proposed by Dewey through the learning experience. To
Dewey experiences usually end without ever developing meaning and that most activities
are things that happen over time with no coherence, development, or flow (Dewey,
1938). Authentic experiences are a way to align science education goals with the core of
this Deweyian perspective. It takes more than an activity or novel environment to
produce meaningful educative experiences. It is the participation of the student in the
environment as they become involved in the educative process that makes a positive
impact (Wong, & Puch, 2001).

Inquiry and the Scientist

The concept of having a scientist as a visitor in the classroom has rapidly gained
popularity over the last few decades. This is seen as the best way to bring scientific
inquiry into the classroom in comparison to other methods which are expensive and not
practical for the classroom. A classic example supported by the Astronomical Society of
the Pacific’s (ASP) is Project ASTRO which pairs an astronomer with a teacher (Means,
1998). The astronomer spends time throughout the year in the teacher’s classroom. The
ultimate success of this program seems to be dependent on the relationship between the
scientist and the teacher.
On the other hand, according to Harwood, Rieff, and Phillipson (2002) suggest
that a barrier poised to hinder this partnership is the difference between how scientists
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view inquiry and how teachers and students view it. A study conducted by Harwood
(2002) investigated how scientists view and define inquiry. The study consisted of many
scientists across disciplines who uniformly described inquiry in three realms: the
investigator, the investigation, and the qualities of scientific inquiry. Scientists’ views of
the research included: making connections, working across disciplines, focusing on the
process of the investigation, and having analytical skills. Adjectives that scientists used
to describe themselves included persistence, open-mindedness, critical thinking, and
curiosity. Many of the scientists described children as the perfect scientists because they
have not yet lost that sense of curiosity that is ingrained in the scientists.
One problem that has hindered active participation of scientists in the classroom is
the factor of time both for the scientists and the teacher. Scientists who donate their time
to work with schools usually have to do this on their free time. Most universities do not
recognize educational public outreach on the part of the faculty as a high priority in
promotion and tenure. However, one perspective is that scientist-teacher partnership
benefits the not only the teacher but also the scientists. The benefit of the partnership is
that teachers and students get exposed to the nature of science and the scientist is exposed
to pedagogy and the culture of schools. The National Science Foundation (NSF) widely
supports this perspective through G K-12 internship programs that places young scientist
in schools to support teachers and gain valuable insight.
Unfortunately, many inquiry experiences do not allow sufficient time for students
to fully investigate the data or research the background information or current
information that is available on their problem of interest for their inquiry. Harwood
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(2002), reports that many teachers do not have the time or resources available to
accomplish this part of inquiry. Inquiry is considered by scientists to be the ability to
cross the boundary between the known and unknown however, is not practical for
students to research what is known in regards to their verification investigations. The
investigation of the unknown presents a problem for teachers. Many do not feel
comfortable doing investigations in which the outcome is unknown. Many of the
scientists interviewed also discussed the necessity of the ability to develop questions that
are meaningful and testable. One limitation is that in most classrooms there is very little
scientific equipment. This would limit the amount of questions that could actually be
tested in the normal classroom setting.
Inquiry in the scientific field is fueled by questions. The focus is the investigation
and not the end result. This is a major difference between inquiry in the classroom and
inquiry in the scientific research laboratory. Many school inquiry experienced that take
the guided or structured approach have the students do investigations to get the expected
end results in verification studies. The focus is then on the end of the investigation and
not the process and procedures involved to get there. The scientists also noted that that
inquiry is not a linear process. Teachers would need to expand the rigid step-by-step
procedure of the scientific method that is accepted and used by most teachers when
investigating the nature of scientific inquiry (Harwood, Reiff, & Phillipson, 2002).
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Inquiry and the Students

Richmond & Kurth (1999) describe a mode of providing inquiry experiences for
students in apprenticeships. There has been a strong relationship cited in the literature
between students participating in an apprenticeship scenario and linked to authenticity of
a research project. It is described as putting students into the active seat of learning and
in the open-inquiry domain. Apprenticeships allow students to incorporate themselves
into a scientist’s world. They spend time collaborating with the scientist in an authentic
way, by immersing themselves in their partnership with the scientist.
Apprenticeships can provide a useful model for designing a meaningful learning
environment. There are four major principles in the apprenticeship experience according
to Hay and Barab (2001). First there needs to be an intense relationship with the mentor.
This is the foundation of the success of the apprenticeship. Too often students are put
into these types of situations in which the role they serve was to clean laboratory utensils
or fetch coffee for the researcher. This is not what educators are promoting when
immersing students in apprenticeships. The researcher needs to treat the student as a
willing and capable member of the research team. Communication is key, not just in
society but also in apprenticeships and the success of the scientific community (Barab &
Hay, 2001).
Classrooms are providing valuable ways and opportunities for students to
understand the practice of science but more authentic experiences need to be incorporated
to modify students’ attitudes and beliefs toward the nature of science (NOS). The
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apprenticeship model makes a real laboratory the classroom. Students learn through
authentic activities and experiences that they would have in a real laboratory setting.
Students use tools that cannot be simulated in the classroom and interact as part of the
research community that values the scientific practice (Barab & Hay, 2001; Richmond &
Kurth, 1999). Students start to see that science is a dynamic and innovative entity. It
grows by creative efforts of individuals or groups that work on the larger story of
research being conducted.
Apprenticeship learning facilitates a student’s understanding of the NOS.
Research has shown that students do not develop strong understandings of the nature of
science through their participation in school science (Aikenhead, 1986; Bady, 1979;
Lederman, 1986). So schools and programs have created opportunities for students to
participate as apprentices in research laboratories or special programs in order to help
them deepen their understanding of the nature of science. Science apprenticeships
provide potential for students to be immersed in both explicit and implicit ideas about the
nature of science and inquiry (Bell, Blair, Crawford, & Lederman, 2003). A perspective
on learning for science classrooms is that an important way that novices are introduced
into a community of knowledge is born through discourse and the context of relevant
tasks. Science classrooms that engage students in distinct discursive practices and so
therefore students are socialized into a particular community of knowledge (Ryder,
Leach, & Driver, 1999).
The apprenticeship experience has been described as being founded upon the
legitimate peripheral participation (LPP) model (Hay and Barab, 2001; Altalib, 2002). In
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LPP students gain strategies and tools that they can take back to the classroom with them.
First they learn technical skills or tools of scientific investigation including: micropipetting (Alouf & Bentley, 2003; Colburn, 2000). Colburn (1997) describes ways to
make activities more open by considering the amount of student involvement in decision
making and in the investigation itself.
One problem denoted by Means (1998) is that the field of science education has
not yet achieved a clear, shared understanding of the essential characteristics of authentic
science within the context of K-12 schools. According to the AAAS Project 2061 (1993)
students, not the teacher, should decide the question to be investigated, what apparatus to
use, what data to collect, and how to organize the data. Students also need time to repeat
the investigation if needed, and to present their conclusions for others to critique. Inquiry
activities should engage students in significant issues in the nature of science because
inquiry-based exercises convey ideas and conceptions of processes and construction of
knowledge (McComas, 1997). Classroom should resemble a research laboratory and the
activities should support the students working in social groups (Burbules & Linn, 1991).
There are many positive gains for students participating in open inquiry
experiences which include learning outcomes, preparation time (which allows the student
time to reflect), and student perceptions of the experiment (Berg, Bergendahl, Lundberg,
& Tibell, 2003). Many aspect of open or authentic inquiry are incorporated into this
study through the curriculum packet “In the Hunt for Variable Stars.”
Another important aspect of the nature of science and inquiry is that of discourse.
After the first few weeks of apprenticeships students may feel frustrated and impatient.

58
The articles they are reading, the conversations that they are having, and the research they
are participating in, is very content specific. As they read more, hear more, and use
technical discourse, they become more comfortable with the jargon and verbiage of
science. Students can also realize the importance of the scientific language in efficiently
communicating and solving problems. The most interesting aspect is that students realize
the responsibility they now have and how to be able to communicate what they have been
researching to someone outside of the scientific community. They see this as a
responsibility of the researcher.
Apprenticeships are usually experiences in which students have an intrinsic
interest in science which encourages them to participate. These students who choose
apprenticeships also have a strong content background and motivational level. The
concern is how to take authentic experiences found in apprenticeships into the classroom
for every child? Students with little experience in inquiry exhibit no focus on the
scientific merit of the questions that they have generated, have no system for data
collection and analysis, and have trouble drawing conclusions. When asked questions
about their investigations, they answer intuitively instead of constructively using their
data to draw the conclusions (Hay & Barab, 2001; Roth & Bowen, 1995). Most
discourse from verification studies is based on verified expected results showing little
conceptual understanding of the investigation.
In a study by Krajcik, Blumenfeld, Marx, Bass, Fredricks, and Soloway (1998),
middle school students engaged in classroom-based inquiry were found to be sufficiently
thoughtful in designing the investigation and planning the procedures. Students were
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able to think about controls, samples, and how to organize the data. However students
did not tend to discuss their ideas systematically. Much of the time was spent by groups
working collaboratively there is a strong focus on the procedure and management of the
investigation. When middle school students formulate arguments from their findings
they do not readily consider the link between their data and their hypotheses. Students
also tend to give peer to peer feedback that is superficial instead of constructive when
critiquing the results of other groups.
Richmond and Kurth (1999) identify four dimensions of scientific practice and
culture in which students’ understanding and complexity of thought were articulated.
These dimensions include: technical language, collaboration, uncertainty, and inquiry.
Students in their study were able to develop a sense of themselves as scientists.
Apprenticeships seem to give students access to diverse tools and multiple opportunities
for feedback. Students were able to participate in several different communities:
laboratory centered, peer centered, program centered, and historical.
In a study conducted by Hall (1999), a comparison was made between classroom
environments and the workplace. Interesting aspects included the division of labor and
project reports. The classroom and workplace shared common protocols and procedures
for both. Some key features found in the workplace that were difficult to implement in
the classroom included: creative reorganization/extension of conventional procedures,
interactional structure of the workplace, and the importance of understanding practices
from a historical perspective. One aspect is that students had no ownership of space in
which they could showcase their work or have a place for continued work. Students had
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to build up and take down their workstations each class period. This took away from the
continuity of their project. The findings of the study suggest that middle school
classrooms can support rich and complexly layered activities.

Scientist Student Partnerships (SSP) and Scientist Teacher Partnerships (STP)

A current theme in educational reform calls for inquiry-rich investigative
experiences for all students, from kindergarten through graduate school. However, some
K-12 teachers might shy away from using scientific inquiry as a teaching strategy due to
deficits in their own training. One approach, among many, to improve teachers’ limited
understanding of the NOS is to partner a classroom teacher with a professional scientist
or perhaps even an amateur scientist to provide opportunities for “authentic research
experiences for teachers.” The underlying idea for providing scientific research
experiences for teachers this way is that teachers spending time with a scientist who is
doing “real science” will gain a deeper understanding of scientific inquiry (Brown, et. al.,
2002, Caton, Brown, & Brewer 1999; Kielborn, 1999; Melear, 1988; Ross & Mason,
2001).
There is also an underlying hope that while the teacher gains a richer
understanding of the NOS, the scientist may develop an understanding of the nature and
needs of schools as well as pick up some pedagogical “tricks” from the teacher for use in
scientist-taught courses at the college or university. These notions are not without
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challenges; for example, the teacher may not feel as academic as the scientist (Caton,
Brown, & Brewer, 1999).
When discussing a partnership between a scientist and teacher (STP) or a scientist
and student(s) (SSP), it is assumed that both parties will benefit from the long term
interaction. One wonders if students actually derive benefits for their goals as students
while scientists derive benefits for their roles as scientists. In some SSPs the students are
able to provide valuable data in regions/areas that the research scientist may not have
access or time to investigate themselves. Some of the benefits reported by Fougere
(1998) of the SSP include: opportunities for student participants ranging from direct
participation with the professional scientific community, improvement in student
attitudes and scientific growth, and teacher enhancement (Fougere, 1998; Lawless &
Rock, 1998). Well known programs that provide students with opportunities to
participate in SSP include: GLOBE, GREEN, Forest Watch, SpaRCE, and SPAN.
According to Lawless and Rock (1998), working with GLOBE and Forest Watch has
allowed for: protocols and equipment to remain uncomplicated, provides scientific
instruments, methodologies, and learning activities that are suitable to the skill levels of
the students. One very important aspect is that there is there needs to be a focus on the
production of high quality data by the student.
Scientist Teacher Partnerships (STP) functions to support teachers’ understanding
and comprehension of the nature of science. Collaboration between scientists and
teachers is expected to have an effect in which teachers who are uncomfortable with
science can have a experience which helps them not only understand the NOS of better
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but also to develop an increased interest in the scientific process. With a greater
understanding and interest teachers develop confidence in teaching inquiry methods.
Caton, Brewer, and Brown (2000) discuss components needed for an effective STP after
they conducted an evaluation of a STP “Teaching About Energy Through Inquiry
Institute” including: (1) Bring together key investigators in both science and educational
research to develop a vision for the partnership; (2) Foster the interaction between the
scientist and teacher resources that can translate basic research for a broad audience; (3)
Develop/evaluate pilot demonstrations in both open and guided inquiry formats; and (4)
Develop an implementation plan to sustain and expand the STP experience. The
Teaching About Energy Through Inquiry Institute had two goals: facilitating STP and
increasing the use of inquiry teaching in energy education. To help support these goals
the following guides were incorporated: equal status for teachers and research scientists,
encourage two-way exchange of expertise, participants work in small groups, and use
low-technical materials that are commonly available materials.

Nature of Science: An Introduction

Current reform efforts advocate that teachers and students develop an adequate
understanding of the nature of science (American Association for the Advancement of
Science, 1993). The NOS has many definitions and connotations as does with scientific
inquiry. There are common themes among researchers and scientists in which the NOS
represents the values and assumptions inherent to science, scientific knowledge, and or
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the development of scientific knowledge. The values and assumptions include:
independence of thought, creativity, tentativeness, empirically based, subjectivity,
testability, and cultural and social embeddedness. The NOS is directly tied to
epistemology of science which will be discussed later in this chapter (Lederman, 1986).
Alters (1997) discussed that the views about the NOS are too varied and that the
communities previous listed need to find a more appropriate measure of students’ and
teachers’ beliefs. Several evaluation tools/instruments are currently being used to
measure NOS. They include: NOSS, SPI, TSAS, VOSTS, and TOUS.
Alters supports his argument by highlighting significant diversity in the number
and substance of the tenets of the NOS that are proposed by the different organizations
and communities. He cites Lederman as proposing eight tenets, Giddings a different
eight, Cleminson another eight, VOSTS six, and AAAS benchmarks nine. Alters argues
that his group conducted there should be a more appropriate and sensitive instrument
developed to address this ‘plurality’ of the definition or philosophy and of what the NOS
means (Alters, 1997).
Elfin, Glennan, and Reisch (1999), wrote a response paper to Alters propositions
that criticized Alter’s methodology and grandiose statements about the NOS. They
question three assumptions of the NOS: that there is nature of science to be used in
science education, that a list of tenets can be used to describe the NOS and that for a
discipline to be a science all of the tenets have to be true. They argue that the NOS has
more of a “family resemblance.” So science uses the methods and values that are found
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in the tenets but no one science has to have all of the tenets. The NOS clusters around a
set of values, methods, and activities.
Areas that are generally considered to be in consensus regarding NOS include:
acquisition of knowledge about the natural world; there is order in the world that science
tries to explain, science is dynamic meaning that it changes; and that there is no one
strictly followed set of steps to the scientific method. Just as there are areas of consensus
there naturally are areas of disagreement. The first of these includes the importance of
theoretical and historical foundations. The second concerns the idea that theories are
determined by features that are independent of the scientist.
Elfin and colleagues (1999), present issues that they find are most important to the
discussion and research defining the NOS. The first of these is how unified are all of the
sciences, does the NOS for biology met the NOS for chemistry? Next is demarcation,
this involves isolating science as different from other forms of inquiry. The remaining
issues involve philosophical viewpoints: realism versus instrumentalism, rationalism
verses historicism, practice/experiment versus theory, and feminist philosophy of science.
The authors also give suggestions for how the NOS should be approached and
disseminated in science education. The first two deal with the discussion of the
approaches of positivism and realism. The third supports Kuhn’s ideas about competing
paradigms. The fourth discusses the avoidance of social constructivism. And lastly, they
support looking at the NOS as a rich, complex of family resemblance instead of
dissecting into different views (Eflin, Glennan, & Reisch, 1999).
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As stated in the Alters and Elfin studies of the NOS, they propose giving students
established ‘surveys’ and then doing statistical analysis with those results. Other studies
consider student discourse. In a study by Roth and Lucas (1997), student discourse was
observed over a 15 month period. The discourse was looked through the lens of
ontology, epistemology, and sociology. They looked at student discourse both written
and oral and used nine interpretive repertoires to explain and analyze the data. The
repertoires included: intuitive, religious, rational, empiricist, historical, perceptual,
representational, authoritative, and cultural. They report that few students changed their
ontological or sociological claims but several changed their epistemological claims
(Kamen, et. al., 1997).
Many of the researchers, philosophers, and educators concerned with the NOS of
science debate agree that it is a philosophical position that is at the center of controversies
that have arisen, for example: stem cell research. It seems that side by side if not
embedded with the NOS, constructivism is equally involved. The main question for
educators is what do we want students to achieve by teaching the NOS? It has been a
major concern and has been incorporated into many professional organizations’ efforts to
improve science education. Take for instance the American Association for the
Advancement of Science (AAAS) Project 2061 and the National Research Council’s
pro-NOS stance found in the National Educational Standards (American Association for
the Advancement of Science, 1993; National Research Council, 1996). Generally
speaking many science educators believe that teaching NOS will have a positive and
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beneficial effect on the quality of culture and public life for students even if they do not
know how to actualize it in their own science classrooms.
Comprehensive teaching about the NOS involves history, sociology, and
philosophy. Several aspects have arisen involving interest groups for instance, minority
groups in science, feminism viewpoints, and environmental issues. With minority groups
and feminism, one of the main concerns is that science is historically portrayed as a
masculine dominated way of knowing. Environmental groups are involved in the NOS
debate when issues like “do animals have rights?” come forth (Mathews, 1998).
Lederman and Niess (1997) argue that a lack of a concerted professional
development of a definition of what the NOS is negatively impacts K-12 science
education. NOS has been seen as a major component for over a decade. Reform efforts
in science education have illustrated, highlighted, and pushed NOS. After reform and
many induced research based curriculum constructed to promote the NOS many students
still cannot even articulate what the NOS is or even give basic characteristics of science.
Science has at least three common characteristics that can be found in most tenets
of science education. They are: body of knowledge, process/method, and ways of
constructing knowledge. There is confusion among the three aspects but it is the NOS
that separate science from other endeavors. Most of the disagreements over the tenets of
NOS are irrelevant to K-12 education. Students are not meant to become miniphilosophers. Most of the arguments are too abstract for students.
Many teachers too seem to have an outdated view of the NOS. Many teachers
still see science as absolute, unfaultable, and uncreative. There have been many efforts to
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change teachers’ conceptions of the NOS. But the collective consensus of the literature
seems to be that teachers need a systematic, research-based guidance. Teachers have
come to believe that students will come to an understanding of the NOS through the
recent push to include inquiry into the classroom. Lederman aggressively argues that the
NOS of science does not come naturally to students simply by learning science
(Lederman & Niess, 1997). Dewey (1916) also discusses how science is not natural. In
science education, the importance of testing is cut short. Science is artificial, learned and
not native.
The NOS of science has become such a popular topic for debate that a person
could read articles about the NOS everyday for the next three years, without taking a
break. Shulman’s (1986) pedagogical content knowledge (PCK) discusses how many
educators and researchers spoke of two types of knowledge, content and pedagogy. He
coined a new term called pedagogical content knowledge (PCK) which open doors of
opportunity for research and educators. It seems plausible that a teacher cannot
effectively teach about the NOS without strong PCK.
In a study by Cobern, Gibson, and Underwood (1999) researchers looked at how
students talked about science and the NOS. The goal of the research was to understand
the student as a person by having them describe science in their personal thoughts,
everyday thinking, and their questions of nature. They argue that, in order to promote
scientific literacy, researchers need to find a way to put the NOS into the cognitive and
cultural aspects of the student mind. Most students in the study reported little to no
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school knowledge about the knowledge of science. Unfortunately, even the students with
grade success did not have a grasp on the fundamental characteristics of the NOS.
Both the NRC’s NSES (1996) and AAAS’ Benchmarks for Science Literacy
(1993) emphasize an outcome for students and teachers to develop and understanding for
NOS. An understanding of NOS is assumed to support scientific literacy. There is a
strong advocacy of an understanding of NOS and scientific literacy in hopes that the
outcome is that students and teachers will make more informed decisions in society in
which scientific claims and data are involved (Lederman, 1999). Teaching about NOS
encompasses history, sociology, and philosophy and it has become part of major
international science curriculum and standards. This emphasis is hoped to have a positive
impact on the quality of culture, public life, and some competence and appreciation of the
enterprise of science. One very important aspect is for the discernment between good
science from parodies and pseudoscience. This ability’s foundation lies in one’s
understanding of the NOS (Matthews, 1998; Monk & Osborne, 1997; Robinson, 1998).
According to McComas and Almazroa (1998) a deep understanding of the NOS is
important especially in societies where citizens have a voice in science funding decisions,
evaluating policy matters, and weighing scientific evidence in legal proceedings. So, the
NOS is important both socially and politically and allows a person to have a realistic
picture of the strengths and limitations of science. Dewey (1916) argued that
understanding the scientific method is more important that the acquisition of scientific
knowledge. It is common that the facts and end products of science are understood
instead of how scientific knowledge is created. Students are learning facts, hypothesis,
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and theories of science. This contributes to students’ misconceptions regarding the NOS.
Students seem to readily confuse science with technology, only barely be aware of the
private and public side of science, nor understand the effect that societal values have on
scientific knowledge. Most people see science as contributing gadgets, vaccines, and
other practical outcomes instead of a way of knowing (McComas, 1997).
The literature discussing the NOS issues suggests an emphasis on the processes of
science instead of the products. Other discussions revolve around teachers concentrating
on the structure and inquiry of science. Most textbook-centered curriculum guides
emphasize the teaching of science concepts and processes the question then becomes “Do
students increase their understanding of the nature of science through these studies and
experiences?” (Robinson, 1998).
Lederman (1986) argues that the instruments that have been used historically and
currently to measure students’ and teachers’ conceptions of the NOS. The first formal
assessment appeared in 1954 and was quantitatively based. Very little emphasis was
placed on an expanded view of one’s beliefs. A majority of the instruments investigated
only certain parts of the NOS which typically left out science process skills and attitudes
toward science. Three areas of concern contributed to these instruments poor validity:
(1) larger portion concentrates on students’ ability and skill; (2) emphasis on affective
domain rather than knowledge; and (3) emphasis on science as an institution with little
emphasis on “how we know.” Reported instruments with poor validity include:
Science Attitude Questionnaire (Wilson, 1954); Facts About Science Tests (Stice, 1958);
Science Attitude Scale (Allen 1959); Processes of Science Test (BSCS, 1962); Inventory
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of Science Attitudes, Interest, and Appreciations (Swan, 1966); Science Support Scale
(Schwirian, 1968); Test on the Social Aspects of Science (Korth, 1969); Science Attitude
Inventory (Moore and Sutman, 1970); Test of Science-Related Attitudes (Fraser, 1978);
the Test of Enquiry Skills (Fraser, 1980); and the Language of Science (Ogunniyi, 1982).
Valid and reliable measures of the NOS understanding available in the literature
include: Test on Understanding Science (Cooley & Klopfer, 1961), Science Process
Inventory (Welch 1966), Wisconsin Inventory of Science Processes (Scientific Literacy
Research Center, 1967), Nature of Science Scale (Kimball 1968), Nature of Science Tests
(Billeh and Hasan 1975), View of Science Tests (Hillis, 1975), Nature of Scientific
Knowledge Scale (Rubba 1976), Conceptions of Scientific Theories Test (Cotham and
Smith, 1981), Views on Science-Technology-Society (Aikenhead, Ryan, and Fleming,
1989), Nature of Science Survey (Lederman and O’Malley 1990), Modified Nature of
Scientific Knowledge Scale (Meichtry 1992), Critical Incidents (Nott and Wellington
1995), and Philosophy of Science Survey (Alters 1996). Newer instruments attempt to
investigate students’ views and probe students’ reasons for the responses they give. The
new instruments also contain a qualitative aspect and include interviews, observations,
analysis of classroom documents, and analysis of lesson plans (Lederman, Wade, & Bell,
1998).
Challenges to understanding the NOS include the diversity of its meaning.
Inconsistent terminology is used among scientists and researchers which aids to the
confusion. There is an incomplete research base and a lack of attention to K-12 curricula.
Most teachers and students do not understand that science is a human activity and that
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scientific knowledge is a product of the human process of science and its social context.
Many people also hold the belief that science is a collection of immutable facts
(Meichtry, 1999; Milne, 1998).
A scientific literate person should be able to accept reformulation of scientific
ideas and understand why scientists might change methods, beliefs, and process
(Meichtry, 1999). Wong, Hodson, and Toa (2005) state that the understanding of the
NOS is a major component of scientific literacy. Knowledge of the NOS can enhance
learning in science education, interest levels of both teachers and students, and the ability
to make informed decisions.
Of more importance, Clough, Olson, Madsen, and Taylor (2005) report that the
public’s perception that they know that they do not understand science content but feel
that they do have a strong understanding of the NOS. In the study conducted by Clough
et al., it was found that participants did not understand science content or the NOS but
have more confidence in their responses regarding the NOS. The hope is that if the
public better understands NOS, then they will be better able to assess advice from
experts.

Situated Cognition and Legitimate Peripheral Participation

In looking at situated learning and legitimate peripheral participation (LPP), Lave
and Wenger (1991) start the discussion in their book by looking at the historical
beginning of their study. They started by looking at apprenticeships. They report is a
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distinct difference between what the term apprenticeship means in craft or trades and
education. It was unclear the difference between the real-world application of the
definition and the theoretical definition used by education. In early research
apprenticeships were being used synonymously with the term situated learning. Soon
convention translated the term situated learning into “learning by doing’” Lave and
Wenger believe that learning is an integral and inseparable aspect of social practice and
clarified the concept they were studying into legitimate peripheral participation (Lave &
Wenger, 1991).
LPP can be defined as: learners participate in communities of practitioners and
that the mastery of knowledge and skill requires newcomers to move toward full
participation in the sociocultural practice of community. It provides: (1) ways to discuss
relations between newcomers and old-timers, about activities, identities, artifacts, and
communities of knowledge and practice; (2) process by which newcomers become part of
the community of practice; and (3) how the learner’s intentions are incorporated into the
process of becoming a full participant in a sociocultural practice. The perspective of
situated learning was based on the idea that there is not activity that is not situated.
According to Lave and Wenger, LPP is a descriptor of engagement in social practice that
entails learning as an integral constituent (Lave & Wenger, 1991).
Both LPP and apprenticeship learning involve participation as a way of learning –
of both absorbing and being absorbed – in the culture of practice. Learners are given
opportunities to make the culture of practice their own. Learners become involved in
multiple layers or levels by being a member of a community of practice. According to
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Lave and Wenger a community of practice is a set of relations among persons, activity,
and world, over time and in relation with other tangential and overlapping communities
of practice. This would have students doing more than simply replicating the
performances of others or acquiring knowledge transmitted in instruction. Students
would create knowledge within their community of practice in which questions of
learning is addressed within the community. Communities of practice have histories and
developmental cycles, and reproduce themselves in such a way that the transformation of
newcomers into old-timers becomes unremarkable to practice (Lave & Wenger, 1991).
Situated cognition and LPP are both concepts that need to be addressed and
incorporated into science education. In the end, a situated learning environment involves
the learning of skills and knowledge occur in contexts that reflect how that knowledge is
gained and applied to everyday situations (Lave & Wenger, 1991). In the NRC’s (1996)
NSES, there is a strand dedicated to students seeing science in a personal and social
perspective. One important purpose of science education is to help students understand
science so that they can make personal and social decisions (National Research Council,
1996). A situated learning environment cannot be separated from its context. Students
acquire knowledge by being immersed in the subject matter and by participating in
experiences that allow the learner to be encompassed by the context of real life situations.
This will enable students to be able to transfer their knowledge to their everyday lives
(Altalib, 2002). Herrigton and Oliver (2000) constructed a practical framework for the
design of learning environments that feature nine situated learning designs. These
include: (1) provide authentic contexts that reflect the way the knowledge will be used in
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real life; (2) Provide authentic activities; (3) provide access to expert performances and
the modeling of processes; (4) provide multiple roles and perspectives; (5) support
collaborative construction of knowledge; (6) promote reflection to enable abstractions to
be formed; (7) promote articulation to enable tacit knowledge to be made explicit; (8)
provide coaching and scaffolding by the teacher at critical times; and (9) provide for
authentic assessment of learning within tasks.
When students participate in a research partnership in which the research
laboratory becomes the classroom students can see themselves as being capable learners
and part of the community of the research. When students are participating in an
apprenticeship model, they can participate in LPP. They learn technical skills of the
trade, acquire tools that include an understanding of the scope and nature of the research,
accept the norms and values of the community, and acquire a language which is
characteristic of the scientific community (Richmond & Kurth, 1999).

Constructivism and Apprenticeship Learning Environments

Hay and Barab (2001) contrast constructivist learning with apprenticeship
learning (situated cognition). The focus in constructivism is on the individual learner and
focuses on what the learner actively did or engaged in. In apprenticeship learning focus
is on the community not the individual. It is based on the historical meaning of
apprenticeship in the there is a community of practice. The newcomer (beginner or
novice) is gradually enculturated into the community. They observe an expert in the
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community, practice the tasks of the expert, and then begin to become more and more
engaged in the sociocultural practice. Apprenticeship learning provides coaching, model
proficiency, provides scaffolding, and then provides opportunity for independent practice.
There is an emphasis on being collaborative and cooperative learning.
According to Hay and Barab (2001), attention in apprenticeship learning should
address the following four aspects: authenticity, ownership, power, and task structure.
Authenticity is defined as the quality of having correspondence to the world of scientists
and can be accomplished through a simulation or participation model. In the simulation
model the classroom environment should be a similar to the community of practice as
possible. In the participation model students are engage at the ‘elbows of experts’. This
usually means science education students in apprenticeship roles would work with
scientists. To fully realize this, it is also important that students have the expectation that
they will be helping the scientist and supporting the community of practice. Students
tend to have a sense of ownership even if they are not given control of the construction of
the problem. For example, when they are in the apprenticeship role and have to follow
the protocol of the research laboratory that they are in and have no input into the research
design.
In terms of power, Hay and Barab (2001) report that teachers and mentors of the
apprenticeship program assert power, they are granted that power due to their
certification, meaning that they have a college degree and certification either as a Ph.D.
or teaching certification. Students did not perform as well when power was presented in
this way. The study done by Hay and Barab demonstrated that if the power was
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presented as coming from the community of practice the students accepted the power. So
the study implicated that it was the source of the power not the type of power that
mattered to the students in apprenticeship educational roles.
Students tend to react equally well to different types of task formations. If
students are given complete creative control they seem often to be able to develop
emergent abilities and complete a concise product effectively. These students have to go
through problems and changes to their project. This would involve them having to
problem solve to get past obstacles. On the other hand, students who where in
apprenticeship roles had tasks that were already in place and had a well articulated
protocol. Both types of tasks provide the opportunity for students to produce a high
quality product (Hay and Barab, 2001).
Others authors have contributed to the discussion on situated cognition and
learning. In an article by Brown, Collins, and Duguid (1989), discussion revolves around
the difference between didactic teaching and knowing and doing. The authors describe a
situated nature of cognition meaning that situations can be said to co-produce knowledge
through activity. In this sense knowledge can be seen as a “tool.” Indeed one can have a
tool but not know how, where, or why to use it. If a person actively uses the tool, then a
rich and deep understanding of its use can be accomplished. The community of practice
approach determines the meaning and possible uses for the tool. This tightly connects the
practitioners of the community in more than the task at hand. Students can solve
problems in a situated way but might hide the right answer because it was not achieved
following the teacher’s directed method. One must look at the situated nature of
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knowledge and learning and not to do so would be to base ideas of learning on
assumptions. The assumptions are that knowledge and learning is individual and selfstructured.
Lave and Wenger (1993) present the concepts of situation learning and
apprenticeships but carry the thought further in a new term they describe as legitimate
peripheral participation (LPP). They claim that LPP allows for the discussion of the
relations between newcomers and old-timers, and activities, identities, artifacts, and
communities of knowledge and practice. How a person becomes part of a community is
addressed.
The term apprenticeship in cognitive and educational research has been used
mostly as an analogy or metaphor. So for discussion’s sake in educational circles, a
distinction can be made between the traditional meaning of the word apprenticeship and
what was meant by both cognition and educational researchers. The term that arose was
situated learning. Situated learning has a historical foundation in learning by in situ.
Lave and Wenger (1991) argue that learning is not just situated in practice.
Legitimate Peripheral Participation is described as the engagement in social practice that
entails learning as an integral and valued part. They continue to discuss how LPP is not
part of an education reform but a way to a way to analyze and look critically at learning
(Lave & Wenger, 1991).
The inquiry-orientated instructional intervention, “In the Hunt for Variable Stars”,
was created with the idea that students could meaningfully participate in an inquiry
experience that mimics the scientific endeavors of astronomers. The present classroom
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for this research study represents an ideal environment for creating the necessary social
opportunities for students to collaboratively learn and share what they have learned. In
the next chapter, the methodologies used to asses the impacts of such an approach are
presented.

79
CHAPTER 3: METHODOLOGY
Introduction

The purpose of this study was to investigate the changes in students’ content
knowledge, attitudes regarding Astronomy and their beliefs about the nature of science
and astronomy after participation in an authentic science inquiry experience. A mixedmethods case study design was completed in a rural US town close to the Mexican
border.

Research Setting

The location of the study was at South Rodger High School in Arizona, which is a
rural high school in a recently constructed, planned community near the MexicanAmerican border. Enrollment for this school in 2005-2006 was 1033 students.
According to the Arizona Department of Education (2005) the population of the school,
as reported on the 2004-2005 Arizona’s Instrument to Measure Standards (AIMS), was
89% Hispanic, with 63% having limited English Proficiency skills. The high school
graduation rate was 71% for the 2004-2005 school year (Arizona Department of
Education, 2005). This school was selected because the participating science teacher was
personally known to the researcher and participated in a summer workshop to pilot test
the curriculum packet “In the Hunt for Variable Stars.”
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Intervention Curriculum: In the Hunt for Variable Stars

Variable stars are change in their brightness over time. Almost all are of interest
to astronomers because they represent periods of rapid change in the life of a star. Most
stars, like our Sun, spend many billions of years shining steadily, with very little change.
At the very beginning and the very end of their lives, however, stars go through periods
of rapid change, and frequently become variable stars. Some very massive stars are
variable throughout their short lives, and die in the most spectacular type of variability
any star may display: a core-collapse supernova. For this reason, understanding variable
stars is important to our total understanding of the life cycles of the stars – and this
contributes to our knowledge of the evolution of galaxies, and ultimately the universe
itself.
Brightness of objects in the sky is measured by a concept called magnitude. The
brighter the object in the sky, the smaller the magnitude number will be. For example,
the brightest stars in the night sky may have a magnitude of 1 or 2 with the faintest (seen
by the naked eye) stars having a magnitude of 5 to 6.
There are many ways that variable stars are studied. Visual observations, which
have been made for hundreds of years and are still valuable today, are made unaided or
with binoculars and small telescopes, with the human eye as detector and measuring
device. From the late 19th century until the closing years of the 20th century,
photographic observations on film were routinely made at many observatories around the
world. These photographic archives are still in existence and still used in research. The
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recent development of the Charge-Coupled Device (CCD) camera has, however,
revolutionized and expanded variable star observing. Careful measurements of stars on
CCD images provide accurate measurements of apparent brightness. Archives of CD
images are available via the Internet, and enterprising individuals can mine these data
troves for valuable nuggets of data. “In the Hunt for Variable stars” will provided
technical support for this type of observations. A drift-scan CCD camera located at the
University of Illinois, called Stardial (McCullough and Thakkar, 1997), and has been
making images of sections of the sky every night since mid-1996. These pictures are
catalogued and placed on the web for anyone to download and use.
As observations are made of a variable star, they can be graphed vs. time onto a
light curve. Each type of variable star may be identified by its distinctive light curve, and
changes in the light curve indicate changes in the star. The goal of “In the Hunt for
Variable Stars” is teach students how to detect variable stars in image data, and produce
light curves to study the stars students found.
“In the Hunt for Variable Stars” has given the students the technical support
needed to use Stardial images to observe variable stars. The Stardial archive contains
data that may never be inspected by professional astronomers. This provides the
opportunity for amateur astronomers and students to study the data. The activities
include simple techniques like simply viewing an image to more advanced activities that
involve accurate measurement of magnitudes using a technique called aperture
photometry. The ultimate goal of the manual is to support science fair-type activities in
astronomy (Richwine, et. al., 2003).
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Participants

Students in this study were enrolled in Integrated Science I and Integrated Science
II taught by the participating science teacher. Both classes encompassed a spectrum of
science topics from Earth Science topics (geology and meteorology) to biology (ecology
and diversity). Basic astronomy concepts that were covered in both classes include moon
phases and seasonal changes tied to the Earth Sun connection.
The student participants reflected the same diverse demographics as that of the
school as a whole. They ranged in age from 16-18. Integrated Science I and Integrated
Science II are courses typically taken by students who do not plan to pursue a college
degree or employment in the science field. There were three Integrated Science I classes
(1st, 3rd, and 6th periods) in which students participated in the authentic science inquiry
experience whereas there were two Integrated Science II classes that did not. This is
because the Integrated Science I had considerable flexibility in the school year’s
curriculum to allow “In the Hunt for Variable Stars” to be inserted into the class. The
Integrated Science I was the intervention group, and the Integrated Science II was the
non-intervention group for comparison. The Integrated Science I and Integrated Science
II classes did not differ significantly in demographics, social economic status, gender, or
academic achievement. The two classes differed only in grade levels represented.
The Integrated Science I, participated in the authentic science inquiry experience,
was composed of 90 total students in three separate class periods. Forty-two percent of
the participants were female and 58% male. The population was predominantly Hispanic
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students (70%), Mexican (22%), and 7% were African American, Anglo, Caucasian, or
Russian. Many of the students were labeled as English as Second Language learners
(ESL) as reported by the participating teacher, the researcher did not have access to
student records regarding this aspect (T. Kaigler, personal communication, January 3,
2006). The majority were composed of juniors (74%) with some seniors (25%) and just a
few sophomores (1%). Each of the participants completed a self-report demographic
survey (see Appendix A). Information was coded for age group, ethnicity, and grade
level. Information about previous science and math classes along with career goals were
collected to create small subsets of students grouped by interest. The curriculum and
concepts covered during this class included Geology, Oceanography, Ecology, Biology,
and Earth Science. The Integrated Science I incorporated the use of art, creative writing,
and hand-on inquiry activities.
The Integrated Science II, who did not participate in the authentic inquiry
experience, was composed of 60 students in two separate class periods. These students
were 58% female and 42% female. The population was predominantly Hispanic students
(74%), Mexican (22%), and 4% were African American, Anglo, Caucasian, or Russian
(4%). The grade level representation level was seniors (8%), sophomores (21%) and
freshman (71%). Students were also given the demographic survey (Appendix A). The
curriculum and concepts covered during this class are similar to Integrated Science I in
that it included Geology, Oceanography, Ecology, Biology, and Earth Science. The
Integrated Science II incorporated the use of art, creative writing, and hand-on inquiry
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activities but the difference is that Integrated Science II students participated in more
guided inquiry activities than did students in the Integrated Science I.
The non-intervention class (Integrated Science II) was judged to be an appropriate
comparison group for the intervention class (Integrated Science I). Both classes are for
students who are not college bound and need science credits to complete the general
requirements of the district’s requirements for graduation. The only difference between
the two classes was the age group of the students and Integrated Science I has more
guided inquiry activities. The intervention group was composed of a majority of juniors
and seniors while the non-intervention had a majority of sophomores and freshman. The
courses are equal in weight in the school’s curriculum; therefore students in one of the
courses do not take the other. According to the teacher, students in the non-intervention
group determined early in their academic career what science classes they needed to
complete this course for the graduation requirements while students in the intervention
group had less flexibility in their course schedules (T. Kaigler, personal communication,
January 3, 2006).
Participation in the study was voluntary, and participation had no effect on the
student’s grade or participation in class activities. Students completed assent (see
Appendix B) forms which are stored according to the University of Arizona’s
Institutional Review Board requirements. All students were invited to participate in the
survey process, and 100% of the students in all 5 classes agreed to participate in the
study. For the intervention group, the number of participants was: 30 in 1st period, 32 in
3rd period, and 28 in 6th period. In the non-intervention group the number of
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participants was: 28 in 7th period and 30 in 8th period. It should be noted that this
population of students in intervention group and non-intervention group have a high
transient rate, meaning that they frequently change classes, drop classes, or stop attending
school altogether (T. Kaigler, personal communication, January 3, 2006). This accounts
for most of the fluctuations in the numbers of students participating at different times.

Data Collection

Both quantitative and qualitative approaches to research were utilized.
Quantitative methods included a modified Students Attitudes Toward Astronomy
(SATA) questionnaire which followed a Likert-scale format (see Appendix C) and scores
of the four Variable Star Content Surveys (VSCS) (Appendix D-G) both methods were
used in a pretest/posttest fashion. Qualitative methods included open-ended semi-formal
interviews; four variable star content surveys; and student artifacts. Students in both the
intervention and non-intervention group completed the surveys in pretest and posttest
fashion. The level of participation was considered sufficient for the research study (see
Table 1). All though 100% of the students choose to participate, there were occasions in
which not 100% of the data was collected. The main reason was student absenteeism in
both groups.
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Table 1
Percent of students who completed each instrument

Intervention
Item
SATA

Appendix

1

3

6

7

8

C

93%

91%

74%

77%

52%

76%

66%

83%

87%

96%

77%

56%

79%

96%

52%

87%

89%

89%

96%

96%

75%

74%

60%

81%

100%

89%

93%

83%

91%

92%

93%

97%

88%

86%

100%

76%

83%

88%

87%

92%

100%

93%

100%

93%

60%

Post

73%

63%

68%

93%

96%

Pre

13

16

14

Post

13

16

15

Pre
Post

VSCS-A

Pre

D

Post
VSCS-B

Pre

E

Post
VSCS-C

Pre

F

Post
VSCS-D

Interview

Non-Intervention

Pre

G
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The study spanned the 2nd semester of the 2005-2006 academic calendar of the
school from January 3rd to May 24th, 2006. Data were collected by the researcher
during at least three formal visits each week. The first two weeks involved the collection
of pre-surveys and pre-interviews as well as in-classroom observations. For the
following nine weeks, students used the curriculum “In the Hunt for Variable Stars.”
During this time the researcher made classroom observations, video taped, and student
artifacts were collected. The final two weeks of the study were focused on administering
posttest surveys, interviews, and collecting student artifacts.
Over the duration of this study, an external social conflict regarding immigration
issues in this border community became a significant social aspect of student’s lives and
culture and likely had an impact on all students participating in both groups. Students
from South Rodger High School protested the national effort to strengthen border
security and crack down on illegal immigration which followed similar student protest
efforts in Tucson, Phoenix, Los Angeles, and San Diego (Scarpinato & Commings,
2006). Being a border town within a ten minute drive to the Mexico and United States
border, this legislation had a direct impact on the participating students’ lives.
The immigration event took three weeks of time from the research study. Student
attendance in school was low during this time period. The students who attended school
during this period were distracted by this emotional event. The resulting decrease in the
available instructional time for the intervention resulted in students not being able to
complete the project to its fullest extent.
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Variable Star Content Surveys (VSCS)

Four surveys were created by members of the Conceptual Astronomy and Physics
Education Research Team (CAPER) at the University of Arizona to address fundamental
content concepts involved in studying variable stars in August 2004. The surveys were
developed in a baseline study to complete a formative evaluation of the curriculum “In
the Hunt for Variable Stars.” The VSCS A (Appendix D) and B (Appendix E) address
concepts of changes in the night sky and C (Appendix F) and D (Appendix G) student’s
interpretation of graphs and the information included in the graphs.
Each of the VSCS was checked for accuracy and consistency by three experts that
included two from the content field of Astronomy and one from the Educational research
field (See Appendix I). The CAPER Team has many members who could serve in the
capacity of both the content fields of Astronomy and Education. The experts were asked
to read through the pretest and posttest student responses and to place them in the initial
scoring categories created by the researcher. After this was completed, the researcher
and the experts met to discuss the scoring categories and changes that needed to be made.
The description for the level of scores was changed to best fit the student responses. For
example: in survey B the rubric was changed for the level 2 score to incorporate students
making ‘blanket statements’ or statements that included discussion of all the stars in the
field instead of a select few that changed brightness.
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The VSCS were scored by five different experts that included three from the
content field of Astronomy and two from the Educational research field (see appendix I).
The CAPER Team has many members who could serve in the capacity of both the
content field of Astronomy and Education. Members of the American Association of
Variable Star Observers (AAVSO) were also chosen to serve as scorers because of their
Astronomy content knowledge involving variable stars.
The reliability of scores was determined by comparing the expert's score of
student responses to the researcher's scores. Seventy percent of the scores were identical.
The inter-scorers are listed with each of the descriptions of the surveys that follow. On
the rare occasion that further discussion of a student’s score was needed to bring the
group to consensus, an arbitrator with a background in both Astronomy and Education
content was added to arbitrate the different scorers’ comments.

VSCS Survey Scoring Protocol

VSCS A and B (see Appendix D and E) were designed to measure the extent to
which students understand that the night sky changes in regular and predictable ways.
Both surveys were developed by members of the Conceptual Astronomy and Physics
Education Research (CAPER) Team at the University of Arizona and specifically
designed to measure students’ beliefs and ideas about the changes that occur in the night
sky. VSCS C and D (see Appendix F and G) were designed by members of the
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University of Arizona CAPER Team to measure students’ understanding of graphs and
the nature of variable stars.
The VSCS pretest was administered at the start of the spring semester in January
2006 and posttest at the end of the spring semester in May 2006. Before the VSCS were
administered, it was explained to the students that their answers would be confidential,
have no bearing on their grade, and that their names would be removed so that it could be
analyzed in a way to protect their anonymity. The VSCS were administered during the
“bell work” time at the beginning of each class period for classes both with and without
the planned instructional intervention. Bell work time is time at the start of each class
period in which students either enter a small journal entry into their science notebooks or
do a small subset of problems (Slater, 2006). In this class bell work is typically used as
an introduction to the concepts covered in the upcoming lesson or a summary of a
previous lesson. The VSCS were collected after approximately seven minutes. Students’
names were removed and replaced by the student’s code assigned by the researcher.
The VSCS were first analyzed for common themes of student responses by the
researcher. Two other people, both with backgrounds in Astronomy and Education
analyzed the student responses using the same inductive strategy. The themes and
categories created by the researcher and the two collaborators were discussed in detail in
a meeting between the researcher and the two collaborators and a consensus was formed
on what the categories should be to score the student responses.
Each VSCS was analyzed and assigned an identifying code first by the researcher.
After approximately two weeks, the researcher analyzed the surveys a second time and
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looked at the correlations between the first and second scorings. In the rare events when
first and second scores differed, the VSCS responses were more carefully considered and
a concluding statement to which a score was recorded. The resulting edited scores were
designated as the “Master for Survey A, B, C, or D.” Pre-VSCS were further scored by
five others, but in a sequential order, so that only one person at one time would be
scoring student responses. An effort was made by the researcher to include two people
that have substantial astronomy content background (research in the field or a degree)
and two others with substantial educational backgrounds. One of the scorers, who scored
all VSCS, is a major advisor of the researcher who has a substantial background in both
astronomy and education.
Before each scorer started assessing the students’ responses, a brief discussion of
the categories and scoring procedure was provided verbally to each scorer to ensure that
the scorer was aware of the procedure. The scorers recorded their scores on a provided
tally sheet that listed the students’ identification code and a typed-transcription of
students’ hand-written responses. Scorers were also provided paper copies of each
student response so if needed, they could look at the students’ actual written responses if
the student’s wording was confusing and students’ might have added a drawing that
would clarify their response. After the initial forms were returned, the researcher again
looked for correlations between the Master scores and the scorer’s. When a score was
different from the Master Scores a separate Excel spreadsheet was composed that
included only the scores that were different and was termed the “Re- scoring
spreadsheet.”
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The researcher took the Re-scoring spreadsheet and analyzed each entry by
comparing the Master Scores spreadsheet, the student response, and notes made by the
researcher during the initial scoring process. A description of why the researcher chose a
certain score was recorded on the Re-scoring spreadsheet if the researcher did not
initially agree with the scorer. If the researcher agreed with the scorer, a notation was
made and the entry was changed in the Master Scores spreadsheet.
The researcher and each reviewer met to discuss any scores that differed. The
researcher and scorer considered each item in detail by examining the researcher’s
notation to why they kept the scores on the Master Scores spreadsheet or not, notes taken
during the scoring process, and the actual student response. After this examination and
discussion a consensus was reached into whether to keep the score that corresponds with
the Master Scores spreadsheet or to change the scores. If a consensus to make a change
was made, a notation was made and the change occurred on the Master Scores
spreadsheet.
This process was repeated with each scorer in a time-consuming, iterative fashion.
There were five scorers for VSCS: a major advisor of the researcher, two individuals
with a strong Astronomy content backgrounds, and two with strong Educational content
backgrounds.
After the consensus meeting of the researcher and scorer, the Master Scores
spreadsheet was updated. Each scorer was given the post VSCS to asses and score
students’ responses. This was a laborious process of reaching a consensus, revising the
Master scoring spreadsheet.
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VSCS Survey A

A total of 243 surveys A were collected with 98 surveys A matching pretest to
posttest: 58 from intervention group and 40 from the non-intervention group. The
surveys were first analyzed for common themes of student responses by the researcher.
Two other people, both with backgrounds in Astronomy and Education, analyzed the
student responses using the same inductive strategy. The themes and categories created
by the researcher and the two collaborators for both Question #1 and Question #2 were
discussed in detail in a meeting between the researcher and the two collaborators and a
consensus was formed on what the categories should be to score the student responses
(see Table 2).
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Table 2
Question #1 rubric for scoring of student responses for VSCS A
Score

Code

0

NR

1

B or T

2

HOMO

3

HETERO

4

MISC

5

ONE

Description
No response (no description)
Border of telescope (no description)
Stars of the same size or shape (no description)
Stars of different sizes and shapes (no description)
Stars and other objects (no description)
Description with one or two words or a brief description
Description with solar system objects and/or other night

6

SOS

sky objects
Description with reference to specific star characteristics

7

CHAR

or other specifics about night sky objects

The first question on VSCS A is a discussion prompt: Imagine that it is 10:00
p.m. and you look up through a telescope at a small region of the sky with many stars. In
the space below, provide a drawing and detailed description of what you would see. The
students’ responses consistently suggested that they had only a very limited notion of
what the night sky might look like through a telescope. This could occur for several
reasons, the most likely being that students might have never looked through a telescope.
Another reason might be that students did not read or interpret the prompt correctly and

95
mistakenly provided answers reflecting on what they thought they would see (with the
naked eye) in the night sky.
VSCS A Question #2 included the discussion prompt: Imagine again that it is
10:00 p.m. six months later and you are able to look at the same group of stars. Would
there be any differences or changes in what you would see? Why or why not? With your
detailed written answer, also provide a drawing. Students’ responses consistently
suggest that students inferred the question to instead be asking, “What would the sky look
like at 10:00 p.m. six months later?” The VSCS were first analyzed for common themes
of student responses by the researcher. As before, two other people with backgrounds in
both Astronomy and Education were asked to analyze the student responses in the same
manner. The themes and categories created by the researcher and the two collaborators
for both questions were discussed in detail in a meeting between the researcher and the
two collaborators and a consensus was formed on which categories best would score the
student responses (see Table 3).
After the consensus meeting of the researcher and expert scorer, the Master
Scores spreadsheet was updated. Each expert scorer was given the post VSCS A to asses
and score students’ responses. This laborious process of reaching a consensus, revising
the Master Scores spreadsheet, and consensus forming discussion of the students’
responses occurred in the exact manner as in evaluation of VSCS A Question #1.
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Table 3
Question #2 rubric for scoring of student responses for VSCS A

Score

Code

SubCode

Description

0

NR

No Response

1

NO

A

No or I do not know

1

PIC

B

Picture response only

2

ER

A

Bigger or smaller due to Earth’s rotation

2

BE

B

Stars get bigger by expansion

2

BD

C

Star are born or die

3

MNS

A

Yes or things move non-specific

3

SM

B

Stars move

3

PM

C

Planets move

4

CW

A

Clouds or weather

4

PTC

B

Perspective or time changes

5

MPC

6

EMV

A

Earth moves vague

6

SCBD

B

Stars change or get brighter or darker

7

ERS

A

Earth evolves around Sun (seasonal)

7

VAR

B

Variable star information is relevant or correct

Moon Phase change
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VSCS Survey B

A total of 221 surveys were collected with 86 matching pretest and posttest: 50
matched sets from the Intervention group and 36 matched sets from the non-intervention
group. The VSCS B were first inductively analyzed for common themes in student
responses by the researcher. Two other people, both with backgrounds in Astronomy and
Education, analyzed the student responses using the same inductive strategy. The themes
and categories created by the researcher and the two collaborators were discussed in
detail in a meeting between the researcher and the two collaborators and a consensus was
formed on what the categories should be to score the student responses (See Table 4).
The discussion prompt for survey B: Each of the images below show the same group of
stars from the same location in the sky each taken 6 months apart. Provide a detailed
description of any differences you see in the star field and what you think may have
caused these differences is targeted to address if students can notice changes in the night
sky present in the three provided images, which are the same section of the night sky at
different instances in time.
There were five expert scorers for Survey B: a major advisor of the researcher,
two individuals with a strong Astronomy content background, and two with strong
Educational content background. The initial inter-scorer reliability prior to coming to
consensus averaged 53%. This somewhat lower reliability as compared to survey A can
be attributed to the fact that a majority of the scores needed to be assessed by including
students’ drawings and sketches of arrows and not just the written narrative. The
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students would illustrate locations in the images with arrows that are inherently more
difficult to asses consistently.

Table 4
VSCS B rubric for scoring of student responses
Score

Code

0

No

1

V

2

IQ

3

BD

4

AV

5

AS

Description
No response or I don’t know
Vague description
Difference attributed to image quality
Stars get brighter
Vague reference to one of the 3 areas of the image with variable
stars
Specific reference to one of the 3 areas of the image with variable
stars

VSCS Survey C

A total of 221 surveys were collected with 84 matching paired pretest and posttest
surveys: 54 matched sets from the intervention group and 30 matched sets from the nonintervention group. The VSCS C were first inductively analyzed for common themes and
categories in student responses by the researcher and the resulting rankings provided in
Table 5. The VSCS C provides students with four graphs and includes the following
discussion prompt: If a star changed in brightness over time, which graph below would
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most accurately represent this change? Explain your reasoning behind your choice in
the space below. This aim of this survey is to investigate the students’ knowledge and
understanding about graphs and graphs that most commonly depict the behavior of
variable stars.
The survey protocol process was repeated with each expert scorer in a timeconsuming, iterative fashion. There were four expert scorers for VSCS C: a major
advisor of the researcher, one individual with a strong Astronomy content background,
and two with strong Educational content background. The initial inter-rater reliability
prior to meeting for consensus averaged 65% which was judged to be sufficient.
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Table 5
VSCS C rubric for scoring of student responses
Score

Code

Description

0

NR

No response

1

A

Selected Graph A

2

No

No reasoning

2

EZ

Graph easier to understand

2

V

Vague, doesn’t fit into other categories

2

UP

Star slowly goes up, line goes up, keeps going up

2

BB

Rising doesn’t go down (brighter and brighter)

3

SB

Star gets brighter

3

CT

Change over time

4

NR

No reasoning

4

V

Vague, does not fit into other categories

4

BG

Better graph, makes sense

5

AC

Always changing

6

NRD

No reasoning

6

V

Vague, does not fit into other categories

6

EA

Star moves, easier to understand, better graph

7

F

Change is not that fast or describes the graph, star changes

7

UP

Because it goes up/down in brightness, change of brightness
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VSCS Survey D

A total of 209 surveys were collected with 82 surveys matching pretest to
posttest-fashion: 44 from intervention group and 38 from the non-intervention group.
The VSCS D were first inductively analyzed for common themes of student responses by
the researcher (See Table 6). VSCS D provides students with the prompt: Imagine that a
star is observed for two years and the data is plotted as shown on the graph below.
Based on this information what can you say about the behavior of this star? The initial
inter-scorer reliability prior to meeting for consensus averaged 63% which was judged to
be sufficient.
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Table 6
VSCS D rubric for scoring of student responses
Rank

Code

Description

0

NR

No response

1

V

No category or vague

2

D

Tied to distance

2

TSE

Time passing or odd stellar evolution facts

3

BD

Brighter and darker (dimmer)

3

0.5

Same as 3BD but with the addition of time (0.5 year)

4

SBD

The star gets brighter and darker (dimmer)

4

S.5

Same as 4SBD but with the addition of time (0.5 year)

5

BI

Binary star, pulsating star, eclipsing star, stellar characteristics

6

VSV

Vague variable star description

7

VSR

Variable star description that is correct

Open-ended Semi-standardized Interviews

Open-ended, semi-standardized interviews were used, according to Berg’s
protocol (Berg, 2004). All students in the intervention were invited to participate in
individual interviews before they were exposed to the curriculum “In the Hunt for
Variable Stars.” These initial interviews were completed in the first two weeks of the
research evaluation. The interviews were conducted in the room adjacent to the
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participating teacher’s classroom or in the library adjacent to the school’s computer lab.
Forty-three pretest interviews were completed, roughly one-third for each class period:
first (13), third (16), and sixth (14). The posttest interviews were completed during the
last three weeks of the research evaluation. Forty-five interviews were completed,
roughly one-third in each class section: first (13), third (16), and sixth (15) with 55% of
the interviews being matched pretest and posttest. No interviews were conducted with
the non-intervention group.
The interview questions were first comprised of the nature of science (NOS)
questions for example, who does science?, attitudes toward science for example, do you
like science? and lastly, Astronomy content questions, for example, What is a star? (see
Appendix H). The scripted interview protocol used for this study allowed the
interviewer, who is the lead researcher in this study, to reorder or rephrase questions
based on the participant’s reactions or questions during the interview. Clarifications were
made during the interview to help the participant understand and react to the central core
of the question (Berg, 2004). The interviews were audio-recorded using a digital
dictating machine and transcribed verbatim. Transcripts were coded and analyzed for
themes according to qualitative research methods found in both Berg (2004) and Miles
and Huberman (1994). The interviews were conducted on a volunteer basis and any
student who wished to participate was allowed to do so (Berg, 2004; Miles & Huberman,
1994).
Validity of the transcription of interviews was completed by member checks.
The member check was completed by giving each student a copy of the transcription of
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his/her interview and asked if it accurately represented the interview All students who
participated in the interview process reported to the researcher that the transcription was
an accurate account of his/her interview(s).

Student Artifacts

Student work completed during the study period was collected from the treatment
classes of integrated science (1st, 3rd, and 6th). Student artifacts were photocopied and
then returned to the students. Each student was assigned a random code to identify their
work. All personal identification marks on the artifacts were removed by the use of a
black marker and the student’s code written on each survey by the researcher. Artifacts
included: bellwork, journal entries, class assignments, data sheets, and assessments.
Student artifacts are analyzed by looking for common themes or student responses
that correlate to data from the surveys and interviews. Student responses were
transcribed where necessary. The pretest artifacts collected were used to investigate
students’ beginning knowledge about astronomy and variable stars. Each artifact was
read and reread by the researcher and a list of common themes was created for each
artifact. For example: five students wrote that there is no change in the night sky. The
assessment artifact, answers were again groups into conceptual categories by the
researcher and frequencies of common themes were noted. For example: ten students
could not define magnitude.
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Student Attitudes Toward Astronomy (SATA) Questionnaire

The Students’ attitudes toward Astronomy (SATA) questionnaire provided in
Appendix C was a modified form of a survey initially designed by Mike Zeilik at the
University of New Mexico to identify students’ attitudes about Astronomy and science
(Zeilik, 2004). The SATA was chosen because it measures student attitudes on both
Astronomy and science. Minor modifications were made to the survey to match the
natural language of high school students to ensure student understanding of the questions.
An example of this modification can be seen in question 7 from I will understand how to
apply analytical reasoning to astronomy to I will be able to figure out math problems to
do with astronomy.
The Students’ Attitudes Toward Science questionnaire was modified by Zeilik
(2004) from the Students’ Attitudes Toward Statistic questionnaire developed by Schau
et. al. (1995). Questions in the SATA questionnaire are divided into four reported
categories according to Zeilik (2004): affective, cognitive, value, and difficulty.
Affective domain investigates students’ positive and negative feelings about astronomy.
The cognitive competence domain investigates the attitudes about students’ own
intellectual knowledge and skills when applied to Astronomy. The value domain
assesses attitudes about the usefulness and relevance to students’ lives. The final domain,
difficulty, address students’ attitudes abut how difficult they see astronomy (Len, 2006).
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Students in both the intervention and non-intervention groups completed the SATA
questionnaire in pretest and posttest fashion (see Table 1).
Student responses were entered into SPSS 15 for Windows and three exploratory
factor analyses (EFA) was completed: unconstrained, constrained to four factors, and
constrained to three factors. An initial EFA was conducted to investigate the number of
factors that would have loadings greater than 1.0 (see Appendix W). Eleven factors were
found to have loadings greater than one. The resulting eleven factors did not represent
the items in a way that connections could easily be made between the factor loadings and
item components. Both Schau (1995) and Zeilik (2004) describe four factors: affective,
cognitive, relevance, and difficulty which led the researcher to complete an EFA
constrained to four factors (see Appendix X). Comparing the Scree plot to the factor
loadings, it was decided by the researcher that in this EFA there were three component
scores (see Appendix Y).
The mean scores for all three components for each student were calculated using
SPSS Version 15 for Windows. The component scores were modified by reversal of the
scores on negative worded items: 2, 5, 6, 9, 11, 13, 14, 16, 20, 21, 22, 25, and 27. The
questions that were reversed correspond to the equivalent questions reversed on Schau’s
SATS questionnaire (Schau, n.d). Component scores on the modified SATA
questionnaire range from 1 to 5, the higher the number the more positive attitude
measured. A paired t-test was used to compare the pretest and posttest mean component
scores for both the intervention group and non-intervention group.
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Observations

The researcher was a naturalistic participant in the population studied (Berg,
2004). All observations and videotaping was utilized for the sole purpose of the
researcher to serve as a timeline of events and was not used to gather data to analyze.
Twice each week during the study period, classroom observations were made in
intervention group (1st, 3rd, and 6th). Three classroom observations were made of nonintervention group at the beginning of the study (7th and 8th) to confirm that the classes
were not fundamentally different. Informal conversations between the observer and the
students were also recorded in the researcher’s field notes.
During the study, each class period for intervention classes were video-recorder
resulting in 10 hours of usable video recordings. The camera and digital voice recorder
were placed around the classroom and randomly moved to different locations throughout
the room. This enabled the researcher to gain insight into a balanced selection of
interactions among the students. During each class period, an attempt was made to
follow one to two groups of students based on their pre-treatment interviews and survey
responses. Recordings of student interactions showed student participation and moments
of students sharing information with each other and student participation was the
interactions desired from the videotaping. The videotapes were transferred to compact
discs and destroyed April 2006 by the researcher.
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Summary

The four Variable Star Content Surveys (VSCS) were used to measure research
question #1: What impact does participating in an authentic inquiry research experience
have on high school students’ knowledge about variable stars and astronomy? Other
instruments that were used to triangulate the findings in the four VSCS included the
interviews and student artifacts.
Research question #2: What impact does participating in an authentic inquiry
research experience have on high school students’ attitudes about science? and #3: What
impact does participating in an authentic inquiry research experience have on high
school students’ beliefs about the nature of science? was mainly measured through the
individualized interviews. Research question #3 was also measured by the Student
Attitude Toward Astronomy (SATA) survey.
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CHAPTER 4: RESULTS
Introduction

The four Variable Star Content Surveys (VSCS) were scored by the researcher
and five experts from the content fields of Astronomy and Education. Descriptive
statistics were used to explore the overall changes seen in students’ scores based on each
possible score on the survey. Paired sample t-tests were used to investigate the change in
students’ scores on the VSCS from pretest to posttest. Interviews with students included
both Astronomy content questions and questions that address student’s beliefs about the
nature of science (NOS). Pretest and posttest interviews were transcribed and emergent
themes were collected and recorded.
Student artifacts were collected throughout the research study. Each student
artifact was analyzed by the researcher and emergent themes or concepts were recorded.
Descriptive statistics using frequencies were used. The results from the emergent themes
were used to triangulate the data taken from the other measurements including the VSCS.
A modified form of the Student Attitude Toward Survey (SATA) from was used
to measure a change in students’ attitudes toward Astronomy and science in pretest and
posttest fashion. Exploratory factor analysis (EFA) using both unconstrained and
constrained methodologies were used to describe the factors that emerged from the
SATA data.
The results from each of the measurements are used to show that a positive impact
on research question #1 was clearly seen. Results for research questions #2 and #3 did

110
not show significant changes but are consistent with finding by Zeilik (2004) and Shau
(2000) using the same sampling methods using the SATA questionnaire.

Variable Star Content Surveys (VSCS)

Variable Star Content Survey (VSCS) A Question #1

Data from the revised Master Scores spreadsheet completed at the end of the final
scorer conference was entered into SPSS version 15 for Windows for both questions. A
paired-sample t-test was performed to assess the impact of the intervention of “In the
Hunt for Variable Stars” on students’ scores on the VSCS A. The intervention group
increased their scores from pretest to posttest based on a scale from 0 to 7 on the
Question #1. The average difference between pretest and posttest (M = 1.983, SD =
1.978) was statistically significant showing an increase in student responses, t(57) = 7.635, p < .05 (two-tailed). In this context, the effect size (Cohen’s d) of -0.98 indicates a
large effect. On the other hand, the non-intervention decreased in scores from pretest to
posttest (M = 0.525, SD = 1.569). This difference was statistically significant showing a
decrease in student responses, t(39) = 2.117 p < .05 (two-tailed) (see Table 7). The
decrease can be attributed to three student responses on pretest and posttest, RRG733,
RRB760, RRG891, in which each resulted in a decline of four points. In each of these
three cases, the students in the pretest provided illustrations with descriptions (see Figure
1) but in the posttest survey provided a sparse homogeneous star field (see Figure 1).
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Removal of these three scores results in a change that is not statistically significant. (M =
0.243, SD = 1.256). Frequencies of students’ scores can be found in Appendix K.

Figure 1. Example of VSCS A Question #1 comparing pretest and posttest responses
from student RRG733 (pretest followed by posttest).
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Table 7
VSCS A Question #1 paired-sample t-test (two-tailed)

Intervention
group
Nonintervention
group

Nonintervention
group a

n

M

SD

T

η2

Pre

58

4.03

1.675

-7.635 *

-0.98

Post

58

6.02

1.147

Pre

40

6.1

1.150

Post

40

5.58

1.394

Pre

37

6.05

1.177

Post

37

5.81

1.151

2.117

1.178

Note: * indicates a significant difference at the p<0.001 and a modified t-test removing 3
data points from the non-interventions group.
For the intervention group, 72% of the students’ pretest responses were in the
lower categories with the scores of 0 to 5. These responses have the common
characteristics of simple drawings with little to no descriptions. Of the remaining
responses, 28% responded with a description with only 8.6% describing stars or specific
phenomena of the night sky (see Figure 2). In the posttest the intervention group, no
students responded with a drawing of stars of the same size. This suggests that students
in the intervention group saw that stars in the night sky had different qualities. The
posttest intervention group response scores of student responses of 0 to 5 were 26%
which is different than the pretest by 46%. The more intricate descriptions of student
responses of 6 to7 were 74%. Students responding with descriptions of stars or specific
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characteristics were 43% (see Figure 2). This shift in complexity of responses reveals
that these students in particular had stronger conceptions that stars differ and that there
are specific object(s) or changes that occur in the night sky.

45
40
35
30
25
20

Stars or Specific
References

Post
Pre
Night Sky Objects

Different Size Stars
Stars and Other
Objects (Picture
Only)
Brief Description

Same Stars

Border or Telescope

No Response

15
10
5
0
Treatment

Percent

Categories

Figure 2. VSCS A Question #1 responses for the intervention group.
Initial student responses on the Question #1 in VSCS A suggested very little
complexity of student thought and lacked detail (see Figure 3). Most responses contained
simple drawings of the night sky with little diversity among the objects drawn. A
majority of the students’ illustrations showed a homogeneous star field. A lack of
intellectual engagement was also seen in the illustrations and discussions (see Figure 3).
Some students included other objects besides stars in their response which included:
telescopes, people, and the moon (see Figure 4). Another reoccurring notion in the
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student responses is that of shooting stars (see Figure 5) in which the researcher believes
is likely an artifact of popular culture and not an understanding of shooting stars as part
of the diversity of the night sky.

Figure 3. Example of Question #1 of pretest VSCS A from the intervention
group (student RRG181).
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Figure 4. Example of Question #1 for pretest VSCS A from the intervention group
(student RRB104).

Figure 5. Example of Question #1 of pretest VSCS A from the intervention group
(student RRB155).
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A difference in the pretest and posttest responses can be observed by comparing
student responses which show a dramatic difference in complexity. Eight students gained
3-points, eight 4-points, and eight 5-points. Of those twenty-four students that showed
gains in scores, only one was a member from the non-intervention group. On occasion,
since the population was comprised of a high percentage of English as Second Language
(ESL) learners, translation of student responses from Spanish was needed but still
showing an increase in scores. The eight students that gained five points in scores all
started on the pretest with the scores of 2: Homo (stars of the same size) and increased to
the posttest 7: Char (star characteristics). These changes in responses show that students
understand that the stars in the night sky are not the same size. Students illustrate this
understanding in multiple ways by either drawing different sizes of stars or describing
that some stars will be brighter (see Figure 6). An example of the change in scores
between pretest and posttest is illustrated by Figure 7 were a student illustrates stars of
different sizes and discusses this concept also by correlating magnitude to brightness.

Figure 6. Example of Question #1 of posttest VSCS A from the intervention group
(student RRG680).

117

Figure 7. Example of VSCS A Question #1 comparing pretest and posttest responses
from the intervention group student RRB122 (pretest followed by posttest).
In comparison, non-intervention group responded quite differently. Eighteen
percent of students’ responses were scored in the lowest categories with the scores of 0 to
5. These responses have the common characteristics of simple drawings with little or no
descriptions. The remaining responses which represented the majority of student
responses were scored in the higher categories describing stars or specific phenomena of
the night sky (see Figure 8). In the posttest non-intervention group survey responses,
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students again provided drawings of stars all having nearly the same size. This is in stark
contrast to the intervention classes where there were no students responding with
drawings of stars of the same size. This suggests that students in the class without the
planned instruction continued to hold on to the naïve belief that the stars in the sky are
essentially the same. Forty-five percent of the post Intervention group responses were
scored to have low scores ranging from 0 to 5. Fifty-five percent of students provided
more accurate and complete descriptions of resulting in scores of 6 to 7. Thirty-five
percent of students provided descriptions of stars or specific characteristics. The
responses of this group of students both pretest and posttest Intervention group resulted in
scored categories ranging from 2 to 7 (see Figure 8).
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Figure 8. VSCS A Question #1 responses non-intervention group classes.
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Variable Star Content Survey (VSCS) A Question #2
The revised Master Scores spreadsheet that was completed at the end of the final
scorer conference was entered into SPSS version 15 for Windows. A paired-sample t-test
was performed to assess the impact of the intervention group of “In the Hunt for Variable
Stars” on students’ scores on the content VSCS A. The intervention class increased their
ranked score based on a scale from 0 to 7 on the Question #2. This average difference
(M = 3.102, SD = 2.706) was significant showing a increase in student responses, t(57) =
-8.734, p < .05. The effect size (Cohen’s d) of -1.7 indicates a large effect. The classes
with no intervention of the planned instructional design t(39) = 0.126 p < .05, this
difference (M = 0.50, SD 2.501) was not significant (see Table 8).

Table 8
VSCS A Question #2 paired-sample t-test (two-tailed)

Intervention
group

No Intervention

n

M

SD

t

η2

Pre

58

1.78

1.911

-8.734 *

-1.71

Post

58

4.88

1.874

Pre

40

3.73

1.739

Post

40

3.68

1.940

Note: * indicates a significant difference at p<0.05.

0.126
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The pretest student responses for the Question #2 for VSCS A were less robust or
complete complex than those for the Question #1 (see Figure 9). One of the reasons for
this might be that student would leave this section of the survey blank and not even
attempt to answer the prompt or they would draw a picture that was exactly the same as
the one they provided on the Question #1 (see Figure 10.). Somewhat surprisingly, some
students actually answered that the night sky would not change (see Figure 11). Some
students provided answers that support an understanding that there would be change, but
are unsure or unable to describe why there would be a change (see Figure 12).

Figure 9. VSCS A Question #2 responses for the intervention group.

121

Figure 10. Example of Question #2 of pretest VSCS A from the intervention group
(student RRG366).

Figure 11. Student example of Question #2 of pretest VSCS A from the intervention
group (student RRB110).
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Figure 12. Example of Question #2 of pretest VSCS A from the intervention group
(student RRG110).
A comparison of pretest and posttest scores indicates that high gains included:
three students gained seven points, twelve students gained six points, and nine students
gained five points. Of these twenty-four students, only three were part of nonintervention group. Students generally responded in ways similar to the responses for the
Question #1 in terms of diversity and complexity. Most students in the pretest drew
homogeneous star fields with no description or provided no response. A typical example
of this type of response is seen in Figure 13, where the student response for RRG322
posttest is given. In RRG322, pretest response to the Question #2 contained a simple
drawing of a homogeneous star field that matched that of the Question #1’s picture. But
in the posttest response, this same student responded with a detailed picture showing a
complex explanation of the changes and why there would be changes. This is RRG322
posttest response: Yes, there would be differences. Because variables stars changed its
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brightness during those 6 months. For instance the really bright star I saw 6 months ago
isn’t visible because it was a catastrophic variable and some other stars are less brighter
than last time. Even the student labels the star as catastrophic without a sufficient
rationale, this can be reasonable be interpreted as a strong indication that the student
understands that variable stars do in fact change.

Figure 13. Example of Question #2 of posttest VSCS A from the intervention group
(student RRG322).
Another example of gain is seen in figure 14 which is student RRB155’s posttest
response. For the pretest survey RRB155 left the bottom of survey blank. This might
either indicate lack of effort in answering the question or that the student had insufficient
prior knowledge or understanding of how to provide an answer to the question. A direct
comparison in the posttest answer demonstrates that this student’s response is
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dramatically different. The student’s posttest written response is: If I were to look at the
same group of stars six months later there would be a difference because the earth would
rotate and move further away and the stars would move as well. The stars that were
bright would get small and the small ones would get big and more would appear
depending on the season. In this example, the student is discussing two embedded
concepts, one the rotation of the earth, and variable stars. Even though all the
information is not correct, it is clear that the student has an initial understanding of these
two concepts.

Figure 14. Example of Question #2 of the posttest VSCS A from the intervention
group (student RRB155).
The students in non-intervention group did not show a shift in responses. Eighty
percent of student responses were scored in the lowest categories with scores of 0 to 5 for
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the pretest compared to seventy-three percent for the posttest (see Figure 15). These
responses have the common characteristics of simple discussions about the phenomena
that causes the night sky to change that include stars changing sizes because of Earth’s
rotation to a change in the clouds, weather, or perspective. Twenty percent responded in
the higher categories ranging from 6 to 7. The number of students who attributed the
change in the night sky to the Earth’s revolution around the Sun did not change, and
remained at a constant frequency of eight percent for both pretest and posttest (see Figure
15).
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Figure 15. VSCS A Question #2 responses for the non-intervention group.
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Variable Star Content Survey (VSCS) B

Data from the revised Master Scores spreadsheet completed at the end of the final
scorer conference was entered into SPSS version 15 for Windows. A paired-sample t-test
was performed to asses the impact of the intervention of “In the Hunt for Variable Stars”
on students’ scores on the VSCS B. The intervention group significantly increased their
ranked score from pretest to posttest based on a scale from 0 to 5. The average difference
between pretest and posttest (M = 0.820, SD = 1.508) was significant showing an
increase in student responses, t(49) = -3.846, p < .05. The corresponding effect size
(Cohen’s d) of -1.23 indicates a large effect. The non-intervention group did not show a
significant difference in pretest and posttest scores (see Table 9).

Table 9
VSCS B paired-samples t-test (two-tailed)

Intervention
group
Nonintervention
group

n

M

SD

T

η2

Pre

50

1.98

0.869

-3.846 *

-1.23

Post

50

2.80

1.143

Pre

36

1.83

0.941

Post

36

1.86

0.593

Note: * indicates a significant difference at p<0.001

-0.162
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For the non-intervention group pretest, 78% of the students’ responses were
judged to be in the lower categories with the scores of 0 to 2. These responses have the
common characteristic of describing the change in the images being attributed to a lack of
sufficiently high image quality. For example: a typical response would be something
like “Image C is brighter than image A.” In fact, minor variations in the way the images
appeared a small artifact of the actual photometry data and even to a lesser degree,
photocopying of the surveys; this was not a phenomena of the night sky or variable stars.
Only one student referred to one the three areas of the images where there could be a
variable star and thus being ranked at the highest category of 5 (see Figure 16). In the
posttest the intervention group, responses 46% of student responses ranged 0 to 2. Fiftyfour percent ranked in the higher categories of 3 to 5 with fourteen percent making
reference to a variable star specifically. The higher scores of student responses in the
posttest for intervention group strongly suggests that students were moving away from
simply describing the image quality (e.g. brighter, smaller image, moved to the left) and
more to actually describing differences in respect to the stars in the images.
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Figure 16. VSCS B student responses for the intervention group.

VSCS B responses were similar to VSCS A in that the pretest responses showed
little to no complexity in student understanding. Students often would describe concepts
that were only vaguely or not at all related to the three images that they were given as
part of the prompt (See figure 17). As one example, a student discusses the Earth’s
rotation as the cause in the change of brightness. The student response is as follows:
Cause: the Earth’s rotation:, Differences: the amount and brightness of the stars. This
student makes no specific reference to the three images provided in the discussion
prompt.
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Figure 17. Example of pretest VSCS B from the intervention group (student RRB340).
The desired scientifically accurate response for VSCS B was for students to
observe the differences in the images, preferable changes in stars and their brightness,
and not about the image quality (e.g. moved to the left or Image C is brighter). In
investigating the gains from student responses from intervention group, two students
increased 4 ranks and seven increased 3 ranks. The pretest responses from these students
were all in the scores of 1:Vague or 2:Image Quality. On the posttest surveys, the
students were able to clearly indicate areas of the images in which there were specific
changes. Figure 18 shows a typical difference in response that clearly shows a student
attributing the specific change of brightness of stars indicated by the circles the student
has drawn on the image.
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Figure 18. Example of VSCS B comparing pretest and posttest responses from
the intervention group student RRG344 (pretest followed by posttest).
The student responses from the intervention group showed little to no change or
shift to the higher category of scores on the posttest. Eight-one percent of the student
responses were scored in the lowest categories with scores of 0 to 2 for the pretest. This
did not differ significantly from the posttest which was eighty-nine percent. These
responses share the common characteristic of describing any changes in the images as
being attributed to the quality of the image itself. For example, a typical student response
of this type is that “Image C is brighter than image A.” This is an artifact of the
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photometry and photocopying and not the phenomena of the night sky or the variable
stars. None of the students referred to the variable star region specifically but included
illustrations and discussion of the three possible areas in the images where variables stars
could be seen. Only three student responses from either the pretest or posttest referred to
the phenomena of variable stars, and even then, only using a vague description (see
Figure 19).
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Figure 19. VSCS B student responses for non-intervention group.
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Variable Star Content Survey (VSCS) C

Data from the revised Master Scores spreadsheet completed at the end of the final
scorer conference was entered into SPSS version 15 for Windows. A paired-sample t-test
was performed to asses the impact of the intervention of “in the Hunt for Variable Stars”
on students’ scores on the VSCS C. The students in the intervention group significantly
increased their ranked score from pretest to posttest based on a scale from 0 to 7. The
difference was significant showing an increase in student responses, t(53) = -3.256, p
<.05. The effect size (Cohen’s d) of -1.81 indicates a large effect. The students in nonintervention group did not show a significant difference in pretest and posttest scores
(See Table 10).

Table 10
VSCS C paired-sample t-test (two-tailed)

Intervention
group
Nonintervention
group

n

M

SD

t

eta2

Pre

54

3.57

1.958

-3.256 *

-1.81

Post

54

4.52

1.850

Pre

30

4.03

1.974

Post

30

3.80

2.074

Note: * indicates a significant difference at p<0.05.

0.445
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In the intervention group pretest, 69% of the students’ responses were in the lower
categories with the scores of 0 to 4. These lower categories of scores reflect students
selecting graph A or B. Graphs A and B are the least scientifically accurate choices for
the students to make because these graphs do not accurately represent variable stars. On
the pretest, only 31.5% ranked in the range of 5 to 7 as compared to 63% on the posttest
(see Figure 20). This strongly suggests that students had a more accurate conception
variable star behavior after instruction as illustrated by a graphical representation.
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Figure 20. VSCS C responses for the intervention group.
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Student responses in the pretest survey can be summarized as the majority of the
students choosing graph C (64.8%). Most often, these students either did not provide a
reason or described that this graph was best because it went one way up. A typical
student response is shown in Figure C2: This one would be more accurate because it
never declines. It always rises so therefore the star is becoming brighter. All the time
other graphs decline therefore the star will get dim. The student is partially correct in
that this graph shows a star getting brighter, but this graph does not exhibit the periodic
brightening and dimming of a variable star.

Figure 21. Example of pretest VSCS C from the intervention group (student RRG110).

Sixty-four percent of the students selected graph B on the pretest but this dropped
to twenty-eight percent in the posttest. The student responses in the posttest survey
showed a shift to graph C or D, 19% and 38% respectively. Figure 22 shows a typical
student response, RRG344, from the pretest and the posttest. In the pretest, this student
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responded: because of how much it increases. The student selected graph B because of
the increase shown and not for known attributes of variable star behavior. In this
student’s posttest response the student now says: Because the brightness increases then
time passes and it decreases. In this posttest response, the student is accurately
describing the graph D and typical variable star behavior.

Figure 22. Example of VSCS C comparing pretest and posttest from the intervention
group from student RRG344 (pretest followed by posttest).
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In stark contrast, the students in non-intervention group showed essentially no
change or shifts to the higher response categories of response in the posttest scores as
compared to their pretest scores. Seventy percent of students’ pretest and posttest
responses scored in the lowest categories with scores of 0 to 4. The lower categories
involve the students picking graph A or B which are the least desirable choices for the
students to make because they do not accurately represent variable stars (See Figure 23).
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Figure 23. VSCS C responses for the non-intervention group.
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Variable Star Content Survey (VSCS) D

VSCS D (see Appendix G) investigates students’ responses to a simple graph
depicting the typical behavior of a variable star resembling the type of variable behavior
given to students found in the instructional intervention. A recurring theme that arose in
student response of all types (all surveys, interviews, and student artifacts) is that of
changing distance causing the change of brightness of a star. Figure 24 shows a typical
student response demonstrating this prevalent misconception: Maybe the distance away
from the earth/sun the star moves each year, the course the star moves.

Figure 24. Example of pretest VSCS D from the intervention group (student RRB107).
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Data from the revised Master Scores spreadsheet completed at the end of the final
scorer conference was entered into SPSS version 15 for Windows. A paired-sample t-test
was performed to asses the impact of the intervention of “In the Hunt for Variable Stars”
on students’ scores on the VSCS D. The students in intervention group significantly
increased their ranked score from pretest to posttest based on a scale from 0 to 7. The
difference was significant showing an increase in student responses, t(43) = -6.099, p
<.05. The effect size (Cohen’s d) of-1.01 indicates a large effect. On the other hand,
student responses from the non-intervention group did not show a significant difference
in pretest and posttest scores (see Table 11).

Table 11
Survey D paired-sample t-test

Intervention
group
Nonintervention
group

n

M

SD

t

η2

Pre

44

2.84

1.509

-6.099

-1.01

Post

44

4.45

1.663

Pre

38

2.87

1.474

Post

38

2.61

1.104

1.108

Note: * indicates a significant difference at p<.05.
In the intervention group pretest, 96% of the students’ responses scored in the
lower categories with scores of 0 to 4. These responses had only simple explanations to
describe the graph. These included references to brightness and darkness changing,
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usually only describing it as ‘going up and down’. Only 4% of the remaining student
responses scored in the higher categories of 5 to 7. These few higher scoring student
responses suggest that only a small percentage of students understand how to read a
graph and describe the behavior of the variable star (see Figure 25). Fifty-two percent of
students on the posttest in the intervention group responses ranked in the range of 0 to 5.
The most dramatic shift in student responses was seen in students who have a range of
scores from 5 to 7. Forty-eight percent of the student responses were scored in these
higher categories. In the category illustrating the understanding of the graph and variable
star behavior, a dramatic shift occurred from 5% percent to 24%. These findings strongly
suggest that students had the conception of the information contained in the graph
coupled with the behavior of the variable star being depicted in the graph.
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Figure 25. VSCS D responses for the intervention group.

Student responses on pretest VSCS D illustrate that students can give the
information found in the axis, but not often describe the actual information in the graph.
Figure 26 shows a typical student response in which the student only provides
information about the axis. The student‘s written response is as follows: the brightness
over time is better. This response is the simple repeating the two axes of brightness and
time. Other student responses frequently showed no relevance to the graph at all (see
Figure 27).
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Figure 26. Example of pretest VSCS D from intervention group (student RRB388).

Figure 27. Example of pretest VSCS D from the intervention group (student RRB399).
The gains observed in category scores for VSCS D are as follows: +5(1), +4 (3),
and +3(8). All of these higher category gains were represented by Intervention group.
Students’ responses in the posttest VSCS D responses were most often describing the
graph and the behavior of the star represented more accurately in the intervention group
(see Figure 28). For example, the student responses for RRB133 pretest and posttest
shows a change from a statement that does not truly tie to the graph, to a statement that
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declares that there is a variable star because it is changing brightness. RRB133’s pretest
response was: That they get less bright and posttest: I say it is a variable star because it
changes its brightness (see Figure 29). Only one student discussed the behavior of the
star in terms of magnitude (see Figure 30). This unique student response was: that every
5 years the star behavior changes, the higher the number the non-brightess it gets. The
smaller the britest.

Figure 28. Example of posttest VSCS D from the intervention group (student RRB398).
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Figure 29. Example of VSCS D comparing pretest and posttest responses from
the intervention group from student RRB399 (pretest followed by posttest).

Figure 30. Example of posttest VSCS D from the intervention group (student RRB611).
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The non-intervention group did not show any significant change in their responses
pretest to posttest. None of the students discussed the properties of the star’s behavior in
either scenario (see Figure 31).
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Interviews

Nature of Science Questions

Interviews were conducted before the intervention and directly after the
intervention for intervention group only. The questions were designed to investigate
student’s attitudes about the Nature of Science (NOS) and their knowledge about
astronomy and variable stars. Questions addressed concepts regarding who are scientists
and use of science in our everyday lives. A list of the interview questions are given in
Appendix H. Forty-two interviews were conducted pretest and 45 posttest, 24 interviews
were matched pretest to posttest.
The first part of the interview addressed what science and how students feel about
science. Students responded positively both in the pretest is and posttest interviews in
regard to whether they like science or not, 80% indicating they like science. Students
stated that some of the reasons that they liked science included hands-on activities and
working with the environment. The things about science that were reported most by
students was that science was too hard, and the subjects of math and chemistry
specifically. Other things reported included homework, vocabulary, and memorizing too
many things.
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What Is Science?

Students’ definitions of science most often clustered around discipline or subject
based answers (see Table 12). There were two major differences in student response
from pretest to posttest. The first of these differences is that fewer students mentioned
that the study of nature and the environment is what science in the posted test. More
students reported that Astronomy is what science is. The second major difference is the
change in the number of students’ response of I don’t know from pretest to posttest.
More students in the posttest attempted to answer the question instead of passing to the
next question or stating that they did not know what science is during the posttest
interviews. Some student responses, both pretest and posttest, did encompass some part
of science as a way of knowing which included: find out facts about questions we can’t
answer (RRB601), the study of the outside world like to figure out what things might
come in the future (RRB120), discover how things work, explain a lot of things (RRB144,
RRB155), and study of experiments, finding out what you want to know (RRG613,
RRG690).
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Table 12
Categories of student responses for the interview question “What is science?”
Pre

Responses

Post

Responses

Category

n

%

n

%

Study of the Earth

12

29

16

36

Chemistry

3

6

4

9

Astronomy

8

19

13

29

Animals, Biology, and Plants

6

14

14

31

Nature or the Environment

8

19

2

4

Study of Everything

9

21

9

20

I don’t know

8

19

1

2

Will you use science in your everyday life?

More students in the posttest (N=24, 75%) responded in a positive manner
compared to the pretest (N=15, 47%). Most students responded in both the pretest and
posttest by tying a specific example of how they would use science in their everyday life
to that of a profession or a blanket statement that everything is included in science. Very
few gave more than a few words to describe how they would use science during pretest:
probably, I don’t know, animals I guess (RRB109). On the other hand, a dramatic
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difference was seen in the posttest responses: sometimes, when you see like something on
the road you don’t know what it is then you can investigate what it is, and in order to
investigate it you use like science to discover what it is (RRG181). It is hard to attribute
this entirely to the intervention because this also could be attributed to the year of
participation in Integrated Science I, but it does suggest that students have a growing
understanding of science.

Who Does Science?

Students’ views of scientists are the concepts targeted on the next few questions
which ask students: who does science, what does a scientist look like, and what is a
characteristic of a scientist? For the first question, who does science?, 38% of the
students replied scientists during the pretest as compared to 51% during the posttest. The
students were then asked a follow up question of and who are they? The majority of
students answered: people who study science (58%) and this same proportion was
observed during the posttest. In the pretest responses students included other groups of
people: students, astronomers, professors, and teachers. However, during the posttest,
the most common response was simply “everybody.” Students seemed to elaborate and
provide more extensive answer on the follow up question during the posttest interviews.
A typical student response from the pretest was given by RRG133: umm…scientist.
Astronomers…normal people in the posttest: well, umm, it’s science, everybody does
science at a point. It’s not just you can’t do science cause you didn’t major in science or
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something in college, it’s like, I did science in this class. So did they [other students in
the class]. And so do [our teacher] and so do you, everyone is doing science. This
student provides a more reflective and inclusive view of science of science and his or her
own involvement in learning science in school.

What Does A Scientist Look Like?

When students were asked to describe what a scientist looked like, they most
often provided the same stereotypical characteristics that have been reported by other
researchers including: lab coats, eyeglasses, facial hair, and male (Barman, 2006). These
stereotypical responses were prevalent during both the pretest and posttest interviews. A
typical response can be seen in Student RRG133 pretest resposne: To me a scientist is, I
don’t know, like I always figured as a scientist was like Albert Einstein with crazy hair
and the glasses and the white coat. Yeah, they have to have crazy glasses. It is got to be
thing. It’s got to be. Students seem to have a strong conception that scientists must have
a white lab coat as seen in RRG604 posttest response: Ah, I have always imagined them
as having a white overcoat. But other than that, they physical appearance doesn’t really
matter. But more students (33%) did report in the posttest that a scientist could look
anyone as compared to 17% reporting that in the pretest. As an example in student
RRB107 response described what a scientist looks like as: any number of things, I mean,
they look like regular people.
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What Is A Characteristic A Scientist Would Need to Be Successful?

The students responded by listing characteristics that included: organized, good
speaker, determined, that scientist have to know about what they doing, curious, open
mined, patient, and smart. These responses provided intriguing insight into what students
think about scientists. For example, student RRB302’s pretest response was: Just to be
patient and not be like hard headed and saying all of what they are doing is right. What
they are doing is right. Then it would be open minded, and make changes in what they
are doing in order for it to be right. This same theme is seen in the posttest response by
RRG331: A characteristic? I think they would have…they need lots of patience because
of doing the experiments and writing to do, having patience for stuff, results, and
everything.

Astronomy Content Questions

What Is Astronomy?

The final portion of the interviews asked students about their ideas and knowledge
about astronomy concepts that including: what is a star, what is astronomy, does the night
sky change, and what is a variable star? According to a commonly used textbook,
Discovering the Universe, astronomy is the branch of science dealing with objects and
phenomena that lie beyond the Earth’s atmosphere (Comins & Kaufmann, 2003).
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Students’ responses to this question were varied, but all were confined to the Earth’s
Solar System with only a few referencing the universe (see Table 13). This illustrates
that students do not understand that the study of astronomy is diverse and includes
everything outside of our atmosphere.

Table 13
Categories of student responses for the interview question “What is astronomy?”
Pre

Responses

Post

Responses

Category

n

%

N

%

Study of stars

32

76

31

69

Study of planets

16

38

7

16

Study of galaxies

2

5

2

5

Study of the solar system

3

7

4

9

Study of space

11

26

7

16

Study of the universe

2

5

6

13

* Students’ responses could fit into more than one category so the results may not add up
to 100%.

What Is A Star?

A similar vague response was prevalent in summarizing the finding was in the
students’ responses to what is a star? The student responses also showed the common
misconceptions about stars reported elsewhere (Agan, 2004; Bailey, Johnson, Prather, &
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Slater, 2005). According to the astronomy textbook, A Cosmic Perspective, another
commonly used textbook defines a star as a large, glowing ball of gas that generates
energy through nuclear fusion in its core (Bennet, et al., 2007). The students did not
fluctuate much in their ideas about what a star was between pretest and posttest, but there
were some unique, albeit inaccurate, ideas that students proposed (See Table 14).
Student RRG307 defined as star inaccurately as a rock: It’s a rock. It’s a rock. I don’t
remember. All I know it’s a rock. RRG688 forwarded the idea is that a star is a planet as
by saying: A star, I think it’s a planet from far away but everyone calls it a star.
Students reported nearly the same in the posttest, 29% as compared to 36%, that a star
was a ball of gas. For example, RRB133’s posttest response: It’s a ball of gas, that’s as
far as I know.
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Table 14
Categories of student responses for the interview question “What is star?”
Pre

Responses

Post

Responses

Category

n

%

n

%

In the sky or space

10

24

5

11

Gas

12

29

16

36

Planet

4

10

4

9

Burning or flaming

5

12

2

4

Galaxy

1

2

0

0

Shines

4

10

5

11

Rock

4

10

1

2

I do not know

11

26

10

22

* Students’ responses could fit into more than one category so the results may not add up
to 100%.

Can You Describe A Star’s Life Cycle?

The follow-up question was can you describe a star’s life cycle? Students both
pretest and posttest responses were often elaborate descriptions of a star’s life cycle, but
none of them mention the major components of a star’s behavior, fusion. Students’
responses suggest that they have had some exposure to the concept of accretion. For
instance, RRB313’s pretest response was: It’s like, its like it stars by gathering, it is like
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black hole or something, and it starts gathering stuff and it spins and turns into a star
and then it umm after a long long time it blow up and new stars form. This idea is
present in the posttest also, RRB313 posttest response: It starts off with just a bunch of
dust piling up together, and then it starts spinning, and spinning and the center heats up
and the outsides turns to gas, and the center is just heat, like hot from the sun. Though
this description is more elaborate and more scientific accurate, the student does not
mention fusion in the star’s core, which is consistent with the studies cited earlier.

What Would You See In the Night Sky Tonight?

It is generally accepted among those working in science that the general pubic
does not take time to notice or observe the natural environment. In Botany, for instance,
it seems that people never take the time to notice the beauty of wildflowers that line the
highways. The same could hold true for Astronomy, for instance, does the general public
take the time to be in awe or observe the night sky? When students were asked to
describe what they would be able to see in the night sky, 90% reported that they would
see stars. One of the most interesting things about their comments was the number of
stars. Although nearly 3,000 stars can be observed without a telescope on a dark night,
not a single student quantified the amount of stars more than ‘a bunch’ or a lot. In fact
some students even reported only a few stars would be seen even though the participants
were from a school district in Arizona where the nights are mostly clear since there is
little rain and there is little to no light pollution. For example RRG688’s pretest response
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was: If we went outside tonight at 10 o’clock. I think it would just be dark and maybe a
couple of stars. Other objects that were reported in the pretest/posttest were the Moon
(33% on the pretest and 29% on the posttest), planets (10%on the pretest and 18% on the
posttest), and constellations (5% on the pretest and 13% on the posttest).

Does The Night Sky Change?

The follow-up question to what would you see in the night sky is does the night
sky change. Most students seem to be able to recall disconnected ideas about seasons and
Earth’s rotation, but none with a high level of accuracy. As a typical example RRB306’s
pretest response was: that are like just stars that were, no, do stars move? I don’t know.
Well, it changes because we spin and the earth like rotates, I guess it probably changes.
I don’t know. There was a shift in the number of students who answered yes to the
question of does the night sky change from 52% pretest to 71% posttest, but there was
little if any, change in the reasoning that students provided. As an example student
RRG336’s posttest responses shows this continuing uncertainty commonly found among
the students’ answers: I think so, no it doesn’t, I don’t think it does.

What Is A Variable Star?

It was expected that the students would not know what a variable star or
magnitude was in the pretest interviews. According to the textbook, Cosmic Perspective
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a variable star is any star that varies significantly in brightness with time (Bennet, et. al.,
2007). In the pretest, 91% of the students reported that they did not know what a variable
star was and only two students suggested some sort of change. Student RRB302’s pretest
response is one example that includes change: A star that can change. When asked
about brightness or magnitude, 86% of the students did not know the answer during the
pretest. But 11% tied brightness to the concept of size. For example, RRB605’s
response was: the size of it. Overall, the vast majority of students’ answers were short
and not explicit.
On the other hand, a dramatic change was seen in the posttest interviews. In
comparison to the 91% of students that did not know what a variable star was during the
pretest, only 25% were unable to define what a variable star was during the posttest.
Forty-eight percent of students in the posttest tied the definition of a variable star to
change and 28% provided the correct reference to change in brightness over time. Some
students did not include a change in brightness, but they did in some way include that the
star was changing. An example of this was given by RRB313’s response: Variable star
is a star that is sky and changes from time to time, you observe it and what it change.
Another example that includes change in brightness is RRG105’s posttest response: I
know this one. It is like, I am guessing it is like a star that goes through different periods
of time and changes its brightness.
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What Is Magnitude?

Another dramatic change in pretest to posttest was responses were student’s
ability to describe what is magnitude? Only 40% reported that they did not know what
magnitude was in the posttest compared. 38% correctly correlated the concept of
magnitude with the brightness of the star.
Magnitude in relation to stellar characteristics is a concept that is confusing thing
for students was the inverse relationship between the assigned magnitude number and the
conceptual brightness of a star. In astronomy magnitudes are defined as the lower the
number, the brighter the star. The student posttest response RRG617B is an excellent
example of this confusion: You use it, like how bright it is, like I think, it might be the
other way. The higher the number the lower the star’s magnitude and the lower the
number the higher the star’s magnitude. Or it is the other way around…like the
brightness how much energy it has.

Student Artifacts

Throughout the semester, student artifacts were collected to help investigate
students’ thoughts and ideas as they were working through the curriculum “In the Hunt
for Variable Stars.” The artifacts that were collected include: bellwork from January
23rd, introductory activity, reflective writing about Astrometrica on February 6th,
volunteer questions on March 3rd, and student assessment following the intervention.
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Each of these student artifacts had the students’ names removed, and a code assigned by
the researcher was placed on each document to protect the anonymity of the students.

Bellwork January 23rd, 2006

On January 23rd the bellwork for the day consisted of three questions: (1) What
phase is the Moon in now? (2) What do you think a variable star is? And (3) What would
you guess might cause a star to vary? This bellwork came a few days after the students
had an introductory lecture/discussion with their teacher about what a variable star is and
after watching the AAVSO’s video “Backyard Astronomy, Variable Stars, and How to
Observe Variable Stars” (AAVSO, 1994). Twenty-five bellwork writings were collected
on a volunteer basis from the three Intervention group (see Appendix L)
Several naïve ideas were commonly observed in the collected student work. The
most prominent of the first of these is in RRB133’s response: Is a really bright star you
can get. Through the study, students would call the brightest star in the star field the
variable star based on this aspect alone. RRG324’s response was: I think it is a star not
yet names, indicating that this student does not know the correct answer. A second
misconception that has appeared repeatedly during this research is students conceptually
linking a star’s distance to how bright a star is. RRB699’s response is typical of this line
of reasoning: Is a star that looks closer to earth but in reality it is farther than earth. Is
the brighter the star means that it get closer to earth. This response suggests that the
student is trying to use a changing distance to the Earth to describe the varying of a
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variable star. Forty percent of the students mentioned in some form, a change but only
one connects the change to a change in brightness.
Student’ explanations for what might cause a star to be variable were diverse and
again include naïve ideas. For example RRB323: That the world moves. So it is always
changing. This student is not attributing the change in one star, but a change in the night
sky. One surprising answer shows a lack of understanding of our solar system in relation
to the rest of the universe, RRG118: What part of the sun is hitting the star. One can
infer that the student is confusing the moon phase question with the star question, but this
is such an illogical connection, that one would think it would be obviously not the same
(as the cause for the moon phases).

Introductory Activity

An introductory activity was developed by the CAPER team to elicit student
observations and students’ construction of a graph from their observations (See Appendix
M). The students were shown 16 images of the night sky dating from June 8th, 1997 to
September 2nd, 2000 (see Appendix N). The students were asked to estimate the
magnitude of the variable star in each of the images based on the comparison stars also
given in the image provided for them (see Figure 32). Students were asked to construct a
graph based on their observations which could be a pen and pencil graph or an Excel
graph.
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Figure 32. Pretest student activity worksheet from the intervention group (student
RRG111).
There were 50 student worksheets collected by the researcher in which the
students’ names were removed and the student code assigned to protect the anonymity of
the students. The student’s responses overwhelming showed that many could construct a
graph, but had weak understanding to what information the graph contained. This can
most easily seen in a student’s depiction of the x-axis. The students often used the dates
in the worksheet as equal parturitions instead of using the continuum of the x-axis. For
example his can be seen in RRG111’s graph where the distance between June 8, 1997
and June 30th 1997 (22days) and June 30th, 1997 and July 5th, 1997 (6 days) are equal
but not equal in terms of time.
Another aspect of inaccuracies in the students’ graphs that stood out was the
labeling of the y-axis. A majority of the students did not ‘shorten’ the y-axis numbers to
better show the behavior of the star. For example, as shown in Figure 34, student
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RRB107 uses 0-9 for the y-axis but only 4-8.5 is needed and, when used, could show a
more detailed look at the behavior of the star.

Figure 33. Graph for student RRG111 pretest activity from the intervention
group.

Figure 34. Graph for student RRB107 pretest activity from the intervention
group.
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Astrometrica Reflective Journal February 6, 2006

Students were asked to write a paragraph following the completion of the
Astrometrica (Appendix Q) activity to describe what they had observed. The students
writings show little complexity or accuracy. Many mentioned that there were five images
that were compared, using a blinking technique and that this is the reason you could see
variable stars. None of the students described a specific star or region of the image.
Some students did indicate that they saw some stars disappearing. An example of this is
where RRG613 reports: What I see is the screen is that as it blinks, a few stars go
disappearing …. Overall, the students’ answers were vague and insufficient to suggest a
deep understanding (see Appendix O).

Posttest Student Worksheet

A worksheet was developed by the researcher and the participating classroom
teacher to assess students’ knowledge about variable stars directly following the
intervention. A total of 67 student worksheets were collected as artifacts. Students’
names were removed and a code assigned to protect the anonymity of the students. The
worksheet presented a mixture of questions intended to investigate students’ declarative
knowledge and conceptual understandings.
The first question (see Appendix P) asks students to define what is a variable star
using a set of words from a list of words in a word bank. A majority of students were
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able to define a variable as a star that can change its brightness but lacked the correct
correlation to magnitude. A typical example is shown in Figure 35 where student
RRB109 writes: A variable star is a star that changes its brightness or magnitude. The
stars change there brightness for different reasons such as a pulsating star when heat
and pressure make the star expand and contract, changing the brightness. Other types of
variable stars are called, catastrophic, eclipsing binary, and rotating) shows a strong
description of a variable star but does not include the relationship between brightness and
magnitude.

Figure 35. Question #1 from posttest student worksheet from student RRB109 from
Student RRB109 from the ntervention group.
The next question posttest: describe how you could prove that a star is a variable
star. This question allowed students to expand their writing about their conceptual ideas
about what a variable star is. The student answers varied widely but often included some
interesting aspects. For example, 16% discussed that change occurred, 10% stated there
was some change over time and with 16% reporting correctly that it is a change in
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brightness. One particularly interesting facet was that some students mentioned was that
you would have to observe it (by RRG331 and by RRG344), recording how it look
everyday (by RRB144), one even mentioned going to an observatory (by RRB107).
Figure 36 shows question number four which asks students to describe the four
stars labeled. Students were asked to simply score the stars from brightest to dimmest. A
typical response was given by student RRB614: Stars A and B are the brightest stars, C
and D are not that bright. In responding to this question many of the students’ naïve
ideas were revealed. One of the most common is that the distance to a star impacts its
brightness. This idea is clearly represented in RRB306’s response: A and B are closer
stars, C and D are farther away, all of these stars are variable stars. As another
example, the response from RRG188 was: the further the stars are the smallest it gets..
Another common idea is that the variable star is the brightest star as seen. This is
consistent with research cited earlier that only bright things on the sky are worth naming.
For example, as shown student in Figure 37, student RRG617B labels star B as the
variable star as well as noting it as the brightest. Fifteen percent reported the brightest or
dimmest stars are the variables when prompted on this question.
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Figure 36. Question #4 from the posttest student worksheet from the student RRB109
from the intervention group.

Figure 37. Question #4 from the posttest student worksheet from student RRG617B
from the intervention group.
The next part of the worksheet assessed whether students could depict differences
in two images. The first sets of images in Question 5 are identical, so there are no
differences. Thirty-seven percent of the students reported that the images were the same
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whereas 52% thought that the images were different. Most students explained that the
difference between the two images is that one image is shifted. A typical example of this
from RRG105 who states: It looks like the stars have shifted a little but not true change
has occurred. Another example showing this RRB303B who states: this triangle is a
little more up.
On the following page the students were given different set of images of the same
section of the sky but this time the two images were different. In this set of images, 69%
of the students reported a change with 24% describing the change and making reference
to the variable star in the field.

Figure 38. Question #7 from the posttest student worksheet from student RRG118 from
the intervention group.

Interview Questions about the Posttest Student Worksheet

After reviewing the student worksheets, posttest interview questions were added
to address students’ conceptions of magnitude and their ideas about variable stars. The
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first question in the interview about the student worksheet was reiterated Question four
which asked students to describe the four labeled stars (see Figure 36). Students were
then given several follow-up questions to illicit a more specific answer: for example,
which star is closest to us, and how do you know?
Only 8 percent of the students described the labeled stars as variables or reported
that the brightest star B had to be the variable star. When student RRG311 was asked
how they knew B was a variable star, they replied “Because it is the brightest.” One of
the naïve conceptions that have been observed repeatedly throughout the investigation is
that the closer stars are the brighter they will be. For example, student RRB688 posttest
interview response to which star is closest to us was: B, because the more closer the
more you see it shiny. Another student, RRB324, when asked which star is closest to us
reported: the sun.
The next follow-up question investigated the extent to which the students
understood the inverse relationship between magnitude number and brightness. This
relationship is mostly easily described as the lower the magnitude number the brighter the
star. Fifty-one percent of the students gave correct responses when given two magnitude
numbers and asked which stars in Question four would match them. Student RRG311
was given the magnitude numbers 5 and 10 and responded: It’s backwards huh? Oh,
you can’t answer that. The brighter would be the one that is 5 and the dimmer one, like
C I think would be 10. As another example, student RRB107 was asked another followup question, what would be the magnitude number of a star brighter than. The student’s
response was: lower than 5, anything lower than 5. These sorts of responses illustrate
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the student’s accurate understanding of the inverse relationship between magnitude
number and brightness was achieved during instruction.

Students’ Attitudes Toward Astronomy (SATA) Questionnaire

A total of 210 Students’ Attitudes Toward Astronomy (SATA) questionnaires
were collected during this study. Eighty surveys were able to be matched to the same
students for their pretest and posttest, 50 from the intervention group and thirty from the
non-intervention group. The SATA questionnaire showed almost no statistical
significant changes when comparing pretest and posttest in both groups. It was expected
that there would be a larger difference in the SATA questionnaire results. Survey scale
statistics include exploratory factor analysis and Cronbach’s alpha.

Survey Scale Statistics

Exploratory Factor Analysis

Exploratory factor analysis (EFA) was used to analyze the relationship between
items using SPSS version 15 for Windows. Investigation of the factor loadings was
conducted and loading less than 0.35, a common range used for omission of loadings,
were eliminated. The first EFA was unconstrained using Varimax rotation in which 11
factors emerged with Eigenvalues greater than 1.0 (See Appendix W). The researcher,
upon further investigation of the eleven factors, decided that this number was not
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representative of the items in the SATA questionnaire. Several factors contained only
one item or an item had equal loadings across several factors, therefore a different factor
structure appeared to be necessary. The scree plot distinctly showed that there are three
main factors with the distinction occurring at Eiguenvalues greater than 2.0 (see Figure
39).

Scree Plot

Eigenvalue
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Figure 39. Scree plot for the exploratory factor analysis (EFA) unconstrained for the
Students’ Attitudes toward Astronomy (SATA) questionnaire.
Zeliek’s SATA questionnaire, which reports four factors: affective, cognitive,
relevance, and difficulty (Len, P. 2006; Zeilik, 2004) was used to constrain the EFA to
four factors. An EFA was conducted using the constraint of 4, with Varimax rotation
(see Appendix X). Due to the distinct division to three factors shown in the Scree plot
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(see Figure 39) it was decided to complete another EFA constrained to three factors to
determine if three factors would better describe the SATA questionnaire in this research.
The three factors on the Scree plot were shown to have Eigenvalue values above 2.0,
through higher than the generally accepted 1.0, and determined to better represent the
SATA questionnaire data.
The concluding EFA was conducted using the constraint of 3 (as suggested by the
Scree plot) using Varimax rotation. Each factor had strong loadings associated with it
(see table 15). Item 3: astronomy concepts are easy to understand, had a low loading
equally distributed between DI (.362) and CED (.385) was removed from further analysis
of the factors.
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Table 15
Exploratory factor analysis (EFA) constrained to 3 factors with Varimax rotation
(Appendix Y) from the Student Attitudes Toward Science (SATA) Questionnaire
Difficult/Insecure (DI) (eigenvalue = 6.154; explained variance = 20.4%)
The Astronomy content is too difficult and I feel insecure with the information presented.
.69
.65
.63
.61
.57
.55
.54
.53
.52
.51
.51
.42
.41

I will find it difficult to understand astronomy concepts. (14)
Astronomy is a complicated subject. (18)
I find it difficult to understand scientific concepts. (27)
I will feel insecure when I have to do astronomy homework. (13)
Astronomy involves memorizing a massive collection of facts. (17)
I will have no idea of what’s going on in astronomy. (9)
I do not think I will get what is going on in the astronomy program. (2)
I will get frustrated going over astronomy tests. (5)
Astronomy is really technical. (12)
Science is a complicated subject. (30)
I will be under stress during the astronomy program. (6)
Astronomy is worthless. (20)
I will make a lot of mistakes applying concepts in astronomy (11)

Confidence, Enjoyment, and Usefulness (CEU) (eigenvalue = 3.41; explained variance
= 11.9%) I will like astronomy and can learn astronomy.
.84
.75
.67
.65
.65
.63
.62
.55
.42
.35
.35

I can learn astronomy. (19)
Scientific skills will get me a better job one day. (29)
I can learn science. (28)
I like science. (26)
Science is not useful for most high pay jobs. (24)
I will enjoy taking this astronomy program. (15)
I will like astronomy. (10)
Scientific concepts are easy to understand. (23)
Everyone should have to do at least some science in college. (32)
Astronomy is a subject learned quickly by most people. (1)
I will be able to figure out math problems to do with astronomy. (7)
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Table 15 - continued
Scared of Astronomy (SOA) (eigenvalue = 2.08; explained variance = 6.8%)
I will be scared doing astronomy and astronomy is relevant.
.79
.66
.63

The thought of taking a science course in high school scares me. (25)
Astronomy will help me deal with problems in my life. (4)
I am scared of astronomy. (21)

Note: The questionnaire number from the modified SATA is given in parenthesis
directly following the question stem.

Difficulty and Insecurities (DI) is the first factor from the modified SATA: The
astronomy content is too difficult and I feel insecure with the information presented had
an eigenvalue of 6.154 and explained 20.4% of the variance (see Table 15). Confidence,
enjoyment, and understanding is the second factor from the modified SATA: I will like
astronomy and can learn astronomy had an eigenvalue of 3.41 and explained 11.9% of
the variance. The last factor scared of astronomy (SOA): I will be scared doing
astronomy and astronomy is relevant had an eigenvalue of 2.08 and explained 6.8% of
the drawing.
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Reliability
The Cronbach alpha reported by Schau et al. (1995) reported the following alpha
levels for the students’ attitudes toward statistics (SATS): affective factor (.85),
cognitive factor (.83), value factor (.85) and difficulty (.77). The factor difficult and
insecurities (DI) in this study had an alpha level of .802 which correlates to difficult
factor in the SATS. The factor confidence, enjoyment, and understanding (CEU) had the
alpha level of .700 and corresponds to the factors of affective and cognitive in the SATS.
The last factor for the EFA in this study, scared of astronomy (SOA) had an alpha level
of .526, in which in was expected that there would be a low alpha level because there was
only 3 items. There was no correlation to the SATS for the SOA factor. In investigation
of the items, the alpha level would not increase substantially due to the removal of items.

Comparison of Means
A comparison of means among the three factors from the modified SATA
questionnaire showed no significant difference in a two-tailed paired samples test (see
Table 16). Zeilik et al. (1997) reported similar results with no significance reported on
the unmodified SATA questionnaire.
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Table 16
Exploratory factor analysis (EFA) comparison for the Difficulty/Insecurities (DI),
Confidence, Enjoyment, and Understanding (CEU), and Scared of Astronomy (SOA)
factors paired-sample t-test (two-tailed)
Intervention

DI
CEU
SOA

n

pre

Post

t

p

η

29

3.12

3.13

-.05

.958

.03

26

3.18

3.13

.50

.625

.09

44

3.14

3.21

-.45

.653

.10

η

Non-intervention

DI
CEU
SOA

n

pre

Post

t

p

19

3.09

3.00

.93

.363

15

3.21

3.09

.80

.436

29

3.26

3.24

.127

.900

Summary

The results from the instruments used in this study (content surveys, interviews,
students artifact, Students Attitudes Toward Astronomy Questionnaire, and observations)
suggests that participation in an authentic science inquiry experiences does have an
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impact on students knowledge about variable stars and attitudes toward Astronomy.
Statistically significant differences were prevalent in all of the content surveys showing
students’ increase in scores on each individual survey. Interview questions also showed
students’ changing knowledge about variable stars and Astronomy with students reported
a more accurate scientific conception of these topics.

Variable Star Content Surveys (VSCS) A and B: Changes in the Night Sky

The VSCS Surveys A (Appendix D) and B (Appendix E) were designed to look
for students’ understandings about changes in the night sky. Statistically significant
increases in student responses were observed in both surveys. In VSCS A, students were
able to show in the posttest that either the sky changes because the seasons are different
(different constellations in the sky) or they could describe that not all stars are the same
and can change.
In both VSCS A and VSCS B, students’ responses from the intervention group in
showed statistically significant gains in the students’ understandings about changes in the
night sky. In VSCS A students in the intervention group showed a shift from describing
little to no change in the night sky to discussing not only changes but specific changes.
In these posttest student discussions, the content of the entry was also more scientifically
accurate. For example, students accurately described stars having different magnitudes
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or colors. Alternatively, students from Non-intervention group did not show these gains
in their posttest responses.
A majority of students in the pretest VSCS A, from both the intervention group
and non-intervention, drew simple illustrations that had little to no descriptions.
However, after specially designed instruction, students’ illustrations and descriptions
were more elaborate and scientifically accurate as compared to students who did not
receive the targeted instruction and authentic research experience.

Students’

specifically address the differences in stars. Some students drew stars of different sizes,
describe that stars could be different colors, or the specific change in the constellations
and their positions.
Survey B specifically investigates whether students observed changes in the
brightness of stars in a set of three astronomical images of the same part of the night sky
at different time intervals throughout the year. On the pretest students in both groups
showed only superficial responses to what changes they might observe. Most described
that the changes were due to the image quality instead of the actual change that was
occurring (see Figure 17). However, students who had the authentic research experience
gave responses describing evidence that there were specific changes in the images in
reference to the stars. This is a dramatic difference in gain from pretest and posttest that
was not seen in the group who did not participate in the authentic research experience or
study Astronomy.
Students in both the intervention group and non-intervention group described the
changes in the three given images by attributing the change to image quality on VSCS B.
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For example, many students wrote that: the image is shifted to the left or Image C is
brighter than Image B. Unfortunately students were not describing the changes within
the images themselves but commenting on their perception of the image quality.
However for students from intervention group, a dramatic change in the responses
occurred on the posttest. Students’ answers reflected changes within the image and
specifically addressed the change in variable stars but either drawing a circle or arrow
around the stars of change. This was not observed in the posttest for non-intervention
group.

Variable Star Content Surveys (VSCS) C and D: Graphs and Variable Stars

VSCS C (See Appendix F) and D (See Appendix G) probes students’ knowledge
about graphs and what information a graph can be discerned about a variable star as on
the previously described surveys, students who participated in the authentic research
experience were able to select the most appropriate graph for a variable star as compared
to those who did not.
Students in the targeted group provided responses that clearly indicated that they
understood that Graph B the nature of variable stars (See Figure 22). It should be noted
that the variable stars the students investigated in the curriculum packet “In the Hunt for
Variable Stars” were long period variables that would exhibit behavior like that shown on
the survey.
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Students in both the intervention group and non-intervention for VSCS C choose
graph B (an exponential growth curve) as representing the correct graph for illustrating
the behavior of a variable star. After discussion between the researcher and teacher, it
was concluded that students most likely selected this graph because it is one of the most
widely seen types of graphs that students see in their science classes. Students in the
intervention group showed a significant change to more accurate graphs C and D. This
change was not seen in the non-intervention group where the majority of students choose
graph B again in the posttest.
Students in both groups who took the pretest VSCS D gave responses that were
vague and gave insufficient information suggesting that they were not able to gleam
information about the behavior of the star represented. After participating in a research
experience, the students elaborated on their response to more accurately describe variable
star behavior. They included specific time frames (for example: every 0.5 years...) and
described that the star would get bright and then dim (see Figure 28 and 29).
The lack of significant gains in the non-authentic research participating classes as
compared to the dramatic gain seen in the students who did on all the content surveys,
strongly suggests that students participating in an authentic research experience studying
variable stars can show significant gains in Astronomy content knowledge, specifically
about variable stars. Interviews with students confirmed the conclusions suggested by an
analysis of written surveys.
VSCS D pretests responses for both the intervention group and B had students
incorrectly attributing the change in the brightness in the graph to distance and simply
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stating the axis of the graph, brightness versus time. For example students would say in
simply terms, the graph shows brightness changing with time, with little to no
description. This viewpoint is correct, but it is an insufficiently vague description in the
context of describing the behavior of the variable star. Students in the intervention group
showed a significant change in their answers in that they correctly described the behavior
of the stars. Students would often include a more robust and complete description of
what the graph was telling them. For example, a common student response was: every
0.5 years the star changes its brightness. This was not observed in the non-intervention
group in either the pretest or posttest.

Open-ended Semi-standardized Interviews

There were major differences seen in the pretest and posttest interviews in both
the attitudes toward Nature of Science questions and Astronomy questions. Students in
the posttest demonstrated a more accurate view of scientists as being everyday people
and not someone with a white lab coat and glasses, even though these attributes still
remained in the posttest. Students also dramatically changed their description of what is
a variable star in that their descriptions were more scientifically accurate and detailed
descriptions.

Misconception: Closer Equals Brighter
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Findings in this research study add to the body of scholarly literature regarding
students’ conceptions or misconceptions about stars and in particular, variable stars.
Each of the presuppositions reported by Agan (2004), are confirmed in the results of this
study especially the presupposition tied to distance and apparent brightness and stars are
made of fire or lava. Agan defines a presupposition as a concept formed from everyday
experience and observations. Research by Bailey et al. (2005), also contributes to the
body of knowledge about students conceptions about stars.
One major misconception that was prevalent in all measurement instruments of
this research was that of distance. Students contend that a star will be brighter when it is
closer to the Earth and dimmer when it is farther away. For example, student RRG617
pretest Survey B responses illustrates this misconception: I believe that these pictures
were taken as the world revolved around the sun and as it revolved the stars came closer
and further. Then closer image A may have been taken in September then B in March
then C in August causing the size in the images.
Surveys A, B, C, and D all revealed this idea but the posttest interviews in which
students were directly asked about this misconception provided the most insight.
Students were asked to describe four labeled stars (Appendix N) from the classroom
observations and previous data collected, and the interviewed questioned them about the
misconception that closer is brighter and vice versa was added. A majority of students
responded that the closer star was the brightest (star B) and the dimmest was the farthest
(Star D). For example, student RRB133 was asked in the posttest interviews to indicate
which star was the farthest away and the student’s response was star D. When asked how

181
they knew this the student responded: Cause you can barely see it, like I guess. This
same type of questioning but with RRB688: B, because the more closer the more you see
it shiny.
A difference between the intervention group and non-intervention group can be
seen in the dramatic difference in the number of students who reported that the star was
getting brighter or darker due to distance. In the intervention group and non-intervention
both less than 10% tied the change in the star to distance. In the posttest the intervention
group only 2% of the matched surveys students tied the change to distance but in the nonintervention group 21% tied the change to distance. This can be seen in RRB306 pretest
response: every half a year the star is getting farther and closer every time. This happens
the star gets brighter with its close and not so bright when it is far. And also in RRG877
posttest response: When the star gets brighter it is at the point where it is closest to the
Earth, when it is lower the season has changed meaning that it is less bright due to the
orbit of the Earth.

Misconception: Stars Are Made of Fire or Burning Gas

The misconception: stars are made of fire or burning gas has been widely
reported in the literature (Bailey, 2005, Comins, n.d., and Agan, 2004). A large majority
of the students in this study in the pretest and posttest interviews stated that they did not
know what a star was (~30%). Students also suggested that stars had something to do
with gas, but few were specific about the actual connection and 12% in the pretest
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attributed that a star was a burning ball of gas. An example of a vague responses can
been seen in RRB605’s pretest response: ball of gases or RRG101’s posttest response: a
whole bunch of gases I think, from up in the atmosphere. Somewhat more surprising was
that 10% of students that replied that a star was a planet or the other 10% that replied that
a star was a rock. The star as a planet can be seen in RRG668’s pretest response: A star,
I think it’s a planet from far away but everyone calls it a star. The star as a rock as
shows up in RRG617’s pretest response: It’s like a rock in outer space that sort gas and
looks shiny. The number of students responding with notions in the fashion of burning,
planet, and rocks as what a stars are declined somewhat in the posttest, but was still
present in many of the posttest interviews.

Students’ Attitudes Toward Astronomy (SATA) Questionnaire

There are many ideas about what students need to know and how they should feel
toward NOS and science as a way of knowing. As presented in Chapter 2, there are
several tenets of the NOS: for the purpose of the research presented, five tenets of
scientific inquiry are most clearly related. They are as follows: open-mindedness,
putting yourself in your work, utilizing resources, problem-solving, and making
connections (Harwood, et al., 2006). The Students’ Attitudes Toward Astronomy
(SATA) did not show the anticipated gains in the research study as a result of the targeted
instruction (Appendix C). Only four questions of the SATA questionnaire showed
significant change for students in Intervention group and two questions for students from
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non-intervention group. It was expected that the SATA questionnaire would show a
significant change in pretest and posttest, insofar as the instrument could measure.
However, pretest and posttest interviews did demonstrate that students’ attitudes and
beliefs about the NOS and astronomy had changed somewhat.
The first factor in the analysis of the modified SATA questionnaire
Difficulty/Insecurities (DI): The Astronomy content is too difficult and I feel insecure
with the information presented is judged to be congruent with the unmodified SATA
questionnaire factor used by Zeliek’s Cognitive Factor. The second factor, Confidence,
Enjoyment, and Understanding (CEU): I will like astronomy and can learn astronomy is
judged to be congruent with the unmodified SATA questionnaire factors Difficulty and
Affective. The last factor from the modified SATA questionnaire, Scared of Astronomy
(SOA): I will be scared doing astronomy and astronomy is relevant is judged to be
congruent with the unmodified SATA questionnaire factor Relevance (Len, 2006 and
Zeliek, 1997).
The open ended content surveys, interviews, and student artifacts were utilized to
address research question #1: What impact does participating in an authentic inquiry
research experience have on high school students’ knowledge about variable stars and
Astronomy? All content surveys suggest that participating in an authentic science inquiry
research experience has a positive affect on students, knowledge about variable stars and
Astronomy. Research Question #2: What impact does participating in an authentic
inquiry research experience have on high school students’ attitudes about science? was
investigated by the pretest and posttest interviews. Though the interviews were a
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qualitative research method, there were distinct changes in students’ attitudes about
science. Research Question #3: What impact does participating in an authentic inquiry
research experience have on high school students’ beliefs about the Nature of Science?
was measured by both the interviews and SATA questionnaire and showed no
quantitative statistical gains, but distinct changes in students beliefs can be seen in the
interview data.
According to Harwood, Reiff, and Phillipson (2006), one of the main
stereotypical ideas about scientific inquiry is the image of scientist involved in a
mechanical and logical enterprise, devoid of passion. When students were asked during
the interviews for the present study, “who are scientists?” students responded by simply
saying, scientists. When they were asked to expand on their response they listed
astronomers, professors, teachers, and provided only vague definition, people who study
science. Very few responded that a scientist could be anyone. On the other hand, after
instruction, students still initial responded that scientist were individuals who did science,
but in the follow-questions encouraging students to expand their responses, students’
descriptions changed. Students more often stated that a scientist could be anyone or
everyone.
Students were also asked what a characteristic a person would need to have to be
a scientist. Student responses included: organized, determined, to know, curious, openminded, patience, and smart. A majority of students responded that scientist “know”
things. A typical example of this is RRG133’s pretest response: The fact that they know
their science. Like the fact that they know a lot of things, they can explain it, and yeah.
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Another common response was that a characteristic to be a scientists are smart such as
seen in RRB398’s pretest response: being smart, like hard working. Students responded
similarly in the pretest and posttest interviews in that there were no major differences in
their responses before and after instruction.
Students were also asked “what would a scientist look like?” Student responses
were consistent with the research by Barman (1997) who reported that a majority of
students in this study believed that scientists wear a lab coat, eyeglasses, and male.
Students again responded similarly in the pretest and posttest interviews but did report
this same distribution of characteristics. A majority of students reported that scientists
wear a white lab coat and glasses and they use a male gender. RRG388 was typical of
most pretest responses when he or she said: Well, like he probably looks like smart, like a
gentlemen, like a person. In the posttest interviews more students responded that the
scientist could look like anyone. Together, these interview results suggest that students’
participation in astronomical authentic research projects do have an important and
positive impact.
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CHAPTER 5: DISCUSSION
Introduction

The purpose of this research investigation was to explore how participating in an
authentic inquiry experience studying variables stars impacts students’ knowledge and
attitudes about astronomy and beliefs about the nature of science (NOS). This chapter
presents the interpretations of the results in terms of the three research questions.
Following this, the implications for inquiry in the classroom and science education are
presented.

Limitations

The ability to generalize to the K-12 student population as a whole is affected by
the specific student population studied using a specialized curriculum and the level of
teacher involvement. The participating students were from a town near the United StatesMexican border and included an unusually high number of ESL students. The curriculum
used was narrowly focused on studying variable stars, which is only available from the
authors in its current form. Moreover, the participating teacher had extensive training in
how to use the curriculum “In the Hunt for Variable Stars.” This type of training will not
generally be available to other teachers because the extended training occurred during the
pilot study of the curriculum.

Finally, the study is quasi-experimental in that the
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students in the non-intervention group were selected by convenience and not by true
random sampling.
In terms of historical impacts, highly publicized immigration walkouts briefly
described earlier impacted the study because it interrupted the intended continuity of
instruction. The students were distracted greatly by both their concerns regarding the
impact on their community and their own personal involvement in walk out protests.
Students at South Roger High School protested several times during a three week period
by not attending school and walking several miles to the courthouse in their community.
The three week period of walkouts and low student attendance took away the time
necessary for the students to complete the intended instructional intervention in its
entirety. As a result, the students did not have the opportunity to fully create their own
questions to investigate using the methods they had learned during instruction.
Students’ attitudes toward Astronomy and science were expected to change:
however, the student responses on the SATA questionnaire did not show any statistically
significant differences as students’ attitudes in both the intervention and non-intervention
group remained neutral. Zeilik (1997) reports similar results from a study which
involved college students both pretest and posttest fashion and attributes this to the innate
difficulty in measuring subtle shits in students’ attitudes toward Astronomy and science.
Student attitudes have notoriously been reported as being hard to measure because of all
the variables that contribute to a student’s attitude toward science. In a study conducted
by George (2006), these factors included: background, parent variables, teacher
variables, peer variables, cognitive variables, the inquiry activity, and attitudinal
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variables. The SATA questionnaire does not address all of these variables thus making it
hard to measure a change in student attitudes in this study.
Perhaps more importantly, Zeilik intended his survey to target college level
students. Even though the SATA was carefully modified by the researcher to match high
school students, it is unclear if the SATA instrument was sensitive enough to measure
attitudes and attitude change sufficiently.
Student attitudes are hard to measure because of all the variables that contribute to
a student’s attitude towards science. In a study conducted by George (2006) these factors
included: background, parent variables, teacher variables, peer variables, cognitive
variables, the inquiry activity, and attitudinal variables. The SATA questionnaire does
not address all of these variables thus making it hard to measure a change in student
attitudes in this study.

Key Findings

Astronomy Content Knowledge

Students’ content knowledge in Astronomy and more specifically variable stars
showed positive gains that were reflected to varying degrees in the variable star content
surveys (VSCS), open-ended interviews, and student artifacts. Statistically significant
differences were seen in each survey between pretest and posttest scores for the treatment
group. It is important to emphasize that during the instructional intervention students
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were not given a ‘lecture-based’ lesson on the content, nor did they read a book chapter
on Astronomy or variable stars. The content knowledge was acquired by the students by
their participation in the authentic research experience. Though no quantitative
inferential statistics were used to analyze the interviews or student artifacts, a distinct
qualitative change in students’ knowledge was evident.
It is a common belief that students gain knowledge through traditional teaching
methods that include drill-and-practice and that inquiry is used mainly to teach science
process skills. The research in this study shows how an authentic inquiry experience
lends itself to students learning content knowledge without the formal presentation of the
content to be learned. The students in this study overwhelmingly acquired and increase
in their Astronomy content knowledge regarding both basic Astronomy concepts but also
about variable stars as seen in the statistically significant change in student mean scores
on the variable star content surveys (VSCS) and the qualitative data from the interviews
and student artifacts.

Attitudes about Science and Astronomy

Student attitudes are hard to measure because of the many variables that
contribute to their attitudes that were outside of the scope of this research, that as stated
earlier, for example, include parent and peer involvement. But students’ attitudes toward
astronomy and science were seen during the naturalistic observations of the researcher
and videotapes. Students moved away from an attitude that resembled “This is useless,
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why are we doing this” to “I wonder what other variable stars or objects we can study
using these programs.” Students also did not exhibit any understanding of the
importance of studying Astronomy or variable stars had especially on their everyday
lives. At the end of the intervention students’ attitudes toward this relevance changed by
evidence to the types of questions they would ask. For example “Miss [referring to the
researcher] can we really determine distances to stars? I heard on the television that
there are other planets outside of our solar system, what if they were surrounding a
variable star” Though the videotapes were not formally analyzed the change in students’
attitudes was apparent.

Beliefs regarding the Nature of Science

No statistically significant differences were seen in students’ beliefs about the
nature of science pretest to posttest. However students did however demonstrate some
limited understanding of the three tenets of the nature of science investigated in this study
(science as a body of knowledge, science as a process, and science as a way of
constructing knowledge). Fortunately, the pretest and posttest interviews provided the
most pertinent data in this study regarding students’ beliefs.
In the pretest interviews, students reported that scientists are those who “do
science.” When asked the follow up question, “who are scientist?” students most often
provided a stereotypical answer. Most students gave responses consistent with the idea
that scientists wear a white lab coat, have glasses, gray hair, and male. Though a few of
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these ideas showed up again in the posttest, students were more likely to report on the
posttest that a scientist could be anyone and might also look like a normal person.
The videotapes and audio recordings showed students at the beginning of the
intervention as having relatively low levels of engagement. After about two weeks into
the intervention students were evidently much more comfortable with the procedures they
were using and started taking ownership of the investigation. During informal
conversations with the students, it became apparent that they believed that an astronomer
would use these same techniques in his or her enterprise of science. Though this was not
formally measured, it was an artifact repeatedly seen in the intervention group.
It was also somewhat surprising to the researcher that students had a strong
conception about what qualities or characteristics a person would need to have to be
successful in science. They did state that a scientific person would need to be smart and
study hard: however, other ideas surfaced as well. Students described that scientists
need to be patient and not give up: they should try something new if what they were
working on did not work. They also reported that a scientist needed to have an open
mind and listen to others viewpoints. After a discussion with the participating teacher, it
was decided that these were conceptions that the students brought with them to class and
not something addressed in the explicit curriculum of their current class.
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Student Engagement

An important attribute captured on the videotaping and audio recordings of the
classroom an intense level of student engagement in the topic at hand. The researcher did
not formally quantify student behavior or discourse using the videotapes, but a qualitative
increase in the level of student engagement was clearly observed as student engaged in
more authentic levels of inquiry. Students started the unit by simply following the
protocol for the investigation, or the ‘cook-book’ level of the intervention. As students
learned the process of investigation, they quickly changed their role from more novicelike to expert-like as evidenced by how they flexibly applied the procedures they had
learned earlier. In terms of a collaborative learning environment, the videotape shows
students readily helping other students and intense discussions about what they were
investigating. This collaboration was not formally intended to be part of the instructional
intervention but immerged as being important as students became more comfortable with
the procedures.
The point of the instruction where students made a transition between novice-like
and expert-like behaviors, specifically being to work autonomously was when the
immigration walk out protest mentioned earlier occurred. Due to this interruption in the
intervention students were only able to complete the guided inquiry portion of the
intervention. They were rapidly growing in their ability to conduct authentic inquiry in
terms of the procedures or methods that astronomers would use to analyze the behavior of
variable stars using photometry approaches. Unfortunately, due to the loss of three
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weeks time of the intervention, students were not able to fully pose their own questions to
study a different part of the night sky other than the one that they were studying during
the guided inquiry portion of the intervention. It was clearly that the students after they
became comfortable and knowledgeable with both the methods and astronomy content,
that they took a more expert-like role in the process of studying variable stars after they
became comfortable and knowledgeable with both the methods and Astronomy, though.
not formally measured by a validated, quantitative instrument in this study.

Implications for Science Education

Rarely do students get an opportunity to experience open, authentic inquiry in
their high school education. Authentic inquiry takes many forms but the main theme is
focused on students doing science in as close a simulation to what scientists actually do
as possible. Budget cuts, high stakes testing, and limited classroom time are repeatedly
cited as the major roadblocks for teachers that want to implement a more open inquiry
approach in their classroom. At the same time, Astronomy is one of the few disciplines
that has enormous amount of research quality data readily available for students to
observe and analyze. The upcoming National Virtual Observatory (NVO) will catalogue
and house astronomical data form multiple sources that will be available to any person
who has an Internet connection. Technology is rapidly and deeply impacting our society
and should be reflected in our educational endeavors--everything from discovering extra
solar planets, advances in nano-technology, and the promise of genetic engineering. It is
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more important than ever before that students experience authentic inquiry to enable them
to better understand science as a way of knowing. This aspect of science is all too often
being buried under the mountains of declarative knowledge that students have to acquire
to meet the mandated standards or have success on a high-stakes test. All too rarely are
students given the adequate time to stop and think, ponder, or reflect on why or what they
do in their science class. The surveys and interviews used in this study strongly suggest
that “In the Hunt for Variable Stars” is successful at immersing students in the scientific
enterprise of astronomy through the avenue of variable stars and achieving positive
outcomes.
In this study, students in the intervention group were given little teacher led
discussions or a tradition lecture on the content present in the intervention. They were
not asked to read a section in their book or complete any worksheets or lessons regarding
Astronomy or variable stars. The Astronomy content that they student acquired was
during the process of completing the intervention “In the Hunt for Variable Stars” and not
a formal presentation by the participating teacher. Students were able to acquire this
knowledge by their participation in the authentic inquiry experience. Though an inquiry
experience is designed to emulate the process of scientific inquiry, the research presented
here clearly demonstrates that students can acquire content knowledge by participating in
an authentic inquiry experience students can acquire content knowledge.
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Implications for Astronomy Education and Support for Inquiry in the Classroom

The research in this study confirms the notion that students have strong
presuppositions and misconceptions regarding astronomy that can be well mitigated
through the use of authentic research investigations. It is well documented elsewhere that
contemporary students have little understanding of our Universe beyond the local solar
system. With ever expanding research on planets outside of our solar system, it is
increasingly important that students understand the unique properties and behaviors of
stars. As a science classroom teacher, I try to find as many ways as possible to engage
students into scientific inquiry. Students can sometimes resist an inquiry-orientated way
of learning science because it was not what they are used to, which is more often based
on declarative, memorization of facts. For the constructivist instructor, the classroom
should be a place where students are excited to learn and can ask informative,
researchable questions.
Science education reform efforts have led to the creation of a plethora of
curriculum packets, textbooks, and research to support inquiry in the classroom. The
question remaining is “Why inquiry is not a stronger, more integral part of the everyday
life of a student in science education?” There may never be a perfect answer to this
question, but if educators believe there is benefit to an open inquiry experience then there
are pathways exist to help them implement this in their classrooms.
Many teachers find it hard to expose their students to inquiry activities involving
astronomy either due to lack of resources--they do not have a telescope, bad weather, or
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lack of Astronomy content knowledge of the teacher. With the completion of the
National Virtual Observatory and efforts like those of Stardial there is more than enough
data available free of charge to anyone with an Internet connection (McCullough &
Thakkar, 1997). Along with this data, there also emerges several software packages,
curriculum guides, and resources available to help classroom teachers implement
Astronomy inquiry activities in a low-cost, supportive way. “In the Hunt for Variable
Stars” is a curriculum guide to help foster students complete research on variable stars by
‘data-mining’.

Future Research Directions

The results of the research conducted for this study lend strong support to the
growing body of literature in support of reforming science education classrooms to look
more like the investigative nature of science. The variable stars research curriculum
designed specifically for this study reflects a relatively highly structured approach to
authentic scientific inquiry and a next logical step is to design and evaluate facilitated
research experiences that move farther away from a structured approach to represent open
scientific inquiry in its most pure forms. Moreover, the instructional intervention used
here required approximately six weeks of class time. It is still an open question if the
positive results achieved here could be achieved in a smaller period of time as well as it is
still unknown if an extended duration beyond the current one would result in even more
positive impacts.
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“In the Hunt for Variable Stars” curriculum is designed to provide students not
only with an authentic science inquiry experience but also how to elaborate on the initial
project to study other regions of the night sky besides the one presented in the
curriculum, other objects of interest like asteroids, and more elaborate studies involving
variable stars. A longitudinal study of students participating in this extended authentic
inquiry experience would provide supporting evidence for the positive impact on
students’ content knowledge and attitude toward science.

Student Attitudes toward Astronomy and Science

It is apparent from this study that using only the SATA questionnaire and
interview questions was seemingly insufficient for measuring the intended changes in
student attitudes toward Astronomy and science. A more concise and sensitive way of
measuring attitudes needs to be created that relies on more than a questionnaire and brief
interview questions. An in-depth longitudinal study following students from their middle
school education to high school education could address several of the issues raised by
George (2006), described earlier, regarding all the variables that come into play when
investigating student attitudes. These include parent involvement, peer involvement, and
students’ views of the utility of science. Students’ attitudes toward Astronomy and
science are not likely based on a single inquiry event but a myriad of experiences and
social interactions.
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Astronomy Content Knowledge

Astronomy is not just reserved for the Earth Science classroom. Corresponding
research regarding students’ understanding of stars and stellar evolution clearly
demonstrates that students’ have strong held misconceptions or presuppositions regarding
what are stars and stellar evolution (Bailey, 2005; Agan, 2004). This content knowledge
is present in the NSES (1996), Project 2061 Benchmarks (1993), and many state and
local district standards (Adams & Slater, 2000). With the evermore expanding
exploration of our universe and stars that may have planetary systems, it is increasingly
important that we address these misconceptions and find ways to help students change
these misconceptions. A large inventory survey like Bailey’s (2006) dissertation work to
create an instrument to measure students’ understanding of stars and stellar evolution at
each level of their education needs to be completed (elementary level, middle school
level, and high school level). This will help inform more directed studies that can
concentrate on where students create the foundations for these misconceptions. These
misconceptions reach farther in the Astronomy content regarding variable stars as seen in
Comins (n.d.) list of common misconceptions in Astronomy.

Personal Reflections

Too often in my own experience as a classroom teacher have I searched for ways
to create an inquiry-rich environment for my students. Many roadblocks stood in the way
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for me to bring more authentically orientated activities to my classroom. The most
challenging was not money or classroom time but student engagement. Students who
were in my high school science classroom had never experienced forming their own
investigation based on their own questions.
“In the Hunt for Variable Stars” is a curriculum guide that holds the possibilities
for all levels of inquiry. Students learn how to use the basic software applications to
study variable stars in a “cook-book” fashion. Students learned the tools they need and
then a question was posed to them regarding a variable star in the region of the sky
denoted by the curriculum following an observation and experimentation learning cycle
outlined by Slater and Fixen (1998). This puts the students in the “guided” or
“structured” level of inquiry. Unfortunately during this study time was a limiting factor
due to external events, and students were unable to fully pose their own unique and
individual questions and investigation strategies. Just like in science, students learned the
tools and methods of the mode of study, moved from the realm of novices to experts, and
used the same methods that astronomers would use to study variable stars. This part of
the intervention was authentic in that it mirrored the scientific endeavor of astronomers
studying variable stars as closely as possible in a classroom setting.
The curriculum guide “In the Hunt for Variable Stars” is a prototypical example
of a way that students can ‘data-mine’ or pre-existing data to not only complete an
authentic inquiry experience but also to contribute to the enterprise of science. If the time
was not shortened in this research study, students would have more of an authentic
experience but the data collected shows that this participation in authentic inquiry
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impacts the students in a positive manner. The students in this study gained
technological skills, gain content knowledge, and engage themselves in the enterprise of
science.
.
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APPENDIX A: STUDENT DEMOGRAPHIC PAGE
In the Hunt for Variable Stars
Name:
Information Page

Age:

Grade:

Gender:

Ethnicity:
Science classes taken and grade: example: Physical Science B

Math classes taken and grade: example: Algebra I B

Technology classes taken and grade: example: Computer in Modern Society B

Mother’s education level:
Father’s education level:
What are you future plans?

What do you plan to do after high school?
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APPENDIX B: STUDENT ASSENT FORM
SUBJECT CONSENT FORM
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APPENDIX C: STUDENTS’ ATTITUDE TOWARD ASTRONOMY (SATA)
QUESTIONNAIRE
Survey of Attitudes Toward Astronomy (Pre-test)
The questions below are designed to identify your attitudes about astronomy and
science. The item scale has 5 possible responses; the responses range from 1 (strongly
disagree) through 3 (neither agree nor disagree) to 5 (strongly agree). Please read each
question. From the 5-point scale mark the response that most clearly represents your
agreement with the statement. Use the entire 5-point scale. Try not to think too deeply
about each response; there are no correct or incorrect answers.
1: Strongly Disagree
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

3: Neither Agree or Disagree

5: Strongly Agree

Astronomy is a subject leaned quickly by most people.
I do not think I will get what is going on in the astronomy
program.
Astronomy concepts are easy to understand.
Astronomy will help me deal with problems in life.
I will get frustrated going over astronomy tests.
I will be under stress during the astronomy program
I will be able to figure out math problems to do with
astronomy.
Learning astronomy requires a great deal of discipline.
I will have no idea of what's going on in astronomy.
I will like astronomy.
What I learn in astronomy will not be useful in my job
when I’m older.
Astronomy is really technical.
I will feel insecure when I have to do astronomy
homework.
I will find it difficult to understand astronomy concepts.
I will enjoy taking this astronomy program.
I will make a lot of mistakes applying concepts in
astronomy.
Astronomy involves memorizing a massive collection of
facts.
Astronomy is a complicated subject.
I can learn astronomy.
Astronomy is worthless.
I am scared of astronomy.
Scientific conclusions aren’t presented in everyday life
very often.
Scientific concepts are easy to understand.

1
1

2
2

3
3

4
4

5
5

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

5
5
5
5
5

1
1
1
1

2
2
2
2

3
3
3
3

4
4
4
4

5
5
5
5

1
1

2
2

3
3

4
4

5
5

1
1
1

2
2
2

3
3
3

4
4
4

5
5
5

1

2

3

4

5

1
1
1
1
1

2
2
2
2
2

3
3
3
3
3

4
4
4
4
4

5
5
5
5
5

1

2

3

4

5
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24.
25.
26.
27.
28.
29.
30.
31.
32.

Science is not useful for most high pay jobs.
The thought of taking a science course in high school
scares me.
I like science.
I find it difficult to understand scientific concepts.
I can learn science.
Scientific skills will get me a better job one day.
Science is a complicated subject.
I use science in my everyday life, outside of school.
Everyone should have to do at least some science in
college.

1
1

2
2

3
3

4
4

5
5

1
1
1
1
1
1
1

2
2
2
2
2
2
2

3
3
3
3
3
3
3

4
4
4
4
4
4
4

5
5
5
5
5
5
5
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APPENDIX D: VARIABLE STAR CONTENT SURVEY (VSCS) A
In the Hunt for Variable Stars Pre-Survey A
Name: _____________________________

Teacher: ___________________

Imagine that it is 10:00 p.m. and you look up through a telescope at a small region of the
sky with many stars. In the space below, provide a drawing and detailed description of
what you would see.

Imagine again that it is 10:00 p.m. six months later and you are able to look at the same
group of stars. Would there be any differences or changes in what you would see? Why
or why not? With your detailed written answer also provide a drawing.
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APPENDIX E: VARIABLE STAR CONTENT SURVEY (VSCS) B
In the Hunt For Variable Stars Pre-Survey B
Name: _____________________________

Teacher: ___________________

Each of the images below show the same group of stars from the same location in the sky
each taken 6 months apart. Provide a detailed description of any differences you see in
the starfield and what you think may have caused these differences.

Image A

Image B

Image C
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APPENDIX F: VARIABLE STAR CONTENT SURVEY (VSCS) C
In the Hunt for Variable Stars Pre-Survey C
Name: _____________________________

Teacher: ___________________

If a star changed in brightness over time, which graph below would most accurately
represent this change? Explain the reasoning behind your choice in the space below.

Graph A

Graph B

Graph C

Graph D
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APPENDIX G: VARIABLE STAR CONTENT SURVEY (VSCS) D
In the Hunt for Variable Stars Pre-Survey D
Name: ______________________________

Teacher: ________________

Imagine that a star is observed for two years and the data is plotted as shown on the graph
below. Based on this information what can you say about the behavior of this star?
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APPENDIX H: SAMPLE INTERVIEW QUESTIONS

These questions will be used for the pre-program, during program, and post-program.
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

What is science?
Do you like science?
When you grow up, do you think you will do science in your everyday life?
Who does science?
What makes a person a good scientist?
What is astronomy?
Do you like astronomy?
What is a star?
Do stars change?
What is a variable star?
What does magnitude have to do with variable stars?
What is the difference between a magnitude of 3 and a magnitude of 5?
Describe a star’s life cycle.
Does the night sky change?
If it does change, describe what happens.
What does astronomy tell us about the world around us?
Is astronomy in the news? If so, how?
Do you know anyone who studies astronomy?
Do you know of any clubs or organizations that study astronomy?
How does technology help us study astronomy?
Can you use technology to study astronomy?
What would a picture of the night sky look like?
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APPENDIX I: PARTICIPATING SCORERS’ BACKGROUND AND INFORMATION

Name
Jessie
Antonellis

Survey(s)
B

Background and Information
Teaching and Teacher Education (TTE) graduate student
and member of the CAPER Team

James
Bedient

A

AAVSO Member and avid amateur astronomer interested in
education

Erik Brogt

A, B, C,
D,

Teaching and Teacher Education (TTE) graduate student
and member of the CAPER Team

Sanlynn
Buxner

D

Teaching and Teacher Education (TTE) graduate student
and member of the CAPER Team

Erin Dokter

A, C, D

Teaching and Teacher Education (TTE) graduate student
and member of the CAPER Team

Dr. Pamela
Gay

A

Assistant Professor of Physics at Southern Illinois
University, Member of the AAVSO, AAVSO Council, and
Director of the AAVSO Education Committee

Stephanie
Parker

D

Teaching and Teacher Education (TTE) graduate student
and member of the CAPER Team

Aaron Price

A

Member of the AAVSO, AAVSO Staff, and a strong
interest in education, graduate student at TUFTS University

Dr. Timothy
F. Slater

A, B, C,
D

Associate Professor of Astronomy at the University of
Arizona and member of the CAPER Team

Dr. Alex
Storrs

B, C

Associate Professor of Astrophysics at Towson University
and member of the CAPER Team.

Matthew
Wenger

B

Teaching and Teacher Education (TTE) graduate student
and member of the CAPER Team
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APPENDIX J: WILCOXON SIGN TEST

Instrument
Survey A Q#1

Survey A Q#2

Survey B

Survey C

Survey D

n

M

SD

Z

Pre

59

4.0

1.71

-5.393 *

Post

59

6.0

4.59

Pre

58

1.9

1.96

Post

58

4.59

2.02

Pre

50

1.9

1.02

Post

50

2.76

1.10

Pre

54

3.69

1.96

Post

54

4.47

1. 86

Pre

44

2 72

1.423

Post

44

4.35

1.66

-5.353 *

-3.894 *

-2.465 *

-4.397 *
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APPENDIX K: SURVEY A QUESTION #1 STUDENTS’ SCORE FREQUENCIES
PRETEST AND POSTTEST
Intervention
Score

Code

0

NR

Description
No response (no description)

NonIntervention

Pre

Post

Pre

Post

2

0

0

0

10

0

1

1

1

B or T

Border of telescope (no
description)

2

HOMO

Stars of the same size or shape
(no description)

14

4

4

3

3

HETERO

Stars of different sizes and
shapes (no description)

14

4

4

3

4

MISC

Stars and other objects (no
description)

10

1

2

4

5

ONE

Description with one or two
words or a brief description

5

10

0

10

Description with solar system
objects and/or other night sky
objects

12

18

15

8

4

25

18

14

6

7

SOS

CHAR

Description with reference to
specific star characteristics
or other specifics about night sky
objects
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APPENDIX L: SURVEY A QUESTION #2 STUDENTS’ SCORE FREQUENCIES
PRETEST AND POSTTEST

Intervention
Score

Code

Description

NonIntervention

Pre

Post

Pre

Post

1

NO or
PIC

Vague or picture response

20

1

5

5

2

ER or
BE

Stars expand or born/die

0

5

2

4

13

16

16

13

3

2

4

4

0

2

5

2

3

18

5

8

2

14

3

3

MNS,
SM, or
PM

Star or planets move

4

CW or
PTC

Clouds, weather, or perspective

5

MPC

Moon phase change

EMV
or
SCBD

Stars change

ERS or
VAR

Earth revolves or variable star

3

6
7
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APPENDIX M: SURVEY B STUDENTS’ SCORE REQUENCIES PRETEST AND
POSTTEST
Intervention
Score

Code

Description

NonIntervention

Pre

Post

Pre

Post

15

4

16

9

24

19

13

23

9

17

4

4

1

V

2

IQ

3

BD

4

AV

Vague reference to one of the 3
areas of the image with variable
stars

1

3

3

0

AS

Specific reference to one of the 3
areas of the image with variable
stars

1

7

0

0

5

Vague description
Difference attributed to image
quality
Stars get brighter
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APPENDIX N: SURVEY C STUDENTS’ SCORE FREQUENCIES PRETEST AND
POSTTEST
Intervention
Score
1

2

Code
A
EZ, V,
UP,
BB, or
NO

Description
Graph A

NonIntervention

Pre

Post

Pre

Post

1

0

2

2

8

10

Graph B
24

12

3

BB,
SB, or
CY

Graph B tied to star or change over
time

11

8

3

5

4

NR, V,
or BG

Graph C

0

4

4

2

5

AC

Graph C tied to change or
brighter/dimmer

2

10

4

2

6

NRD,
V, or
EA

Graph D

8

10

5

4

7

F or
UP

7

10

4

5

Graph D with good reasoning
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APPENDIX O: SURVEY D STUDENTS’ SCORE FREQUENCIES PRETEST AND
POSTTEST

Intervention
Score

Code

Description

NonIntervention

Pre

Post

Pre

Post

12

2

9

6

1

V

No category or Vague

2

D or
TSE

Distance or time changing

5

4

9

14

Brighter or Darker

11

5

5

8

3

BD or
BD .5

4

SBD or Star gets brighter or darker
SBD .5

14

12

8

9

5

BI

Stellar evolution examples

2

10

7

1

6

VSV

Variable star vague

0

4

0

0

7

VSR

Variable star with good reasoning

0

7

0

0
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APPENDIX P: TRANSCRIPTS OF PRETEST INTERVIEWS
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What is science?
The study of earth. And the study of the earth and astronomy probably. And just the minerals
and chemicals.
Do you like science?
On a scale 1 through 5, 5 being the best, I probably have like a 3 or a 4.
What are some things that you like about science?
When you mix chemicals together and how the results come out way different. It is not what you
think it’s going to be.
What don’t you like about science?
The studying. The researching.
When you graduate from high school and you have your own house and you have a job, do
you think you will use science in your everyday life?
I think I am because I what to study to be a nurse practioner, so I can go think there would be
some science involved.
Who does science?
Everybody.
How so?
Hmm.. well everybody…hmm…I think science is….i can’t explain it… I don’t then. I’ll just
What are some things you think would make a person a good scientist?
Someone who is determined to study and is very organized.
What is astronomy?
The study of space and the stars and the
Who does astronomy?
Anybody who wants to do astronomy.
What is a star?
A galaxy. A small….I really don’t know.
Do stars that we see in the night sky ever change?
Yes.
How so?
They change locations. I don’t know how but I know….
Do you know what a variable star is?
No
What does magnitude have to do with stars?
I don’t know.
Do you know anything about a star’s life cycle?
No
Does astronomy tells us anything about our everyday world?
Time. It changes.
Have you ever heard any astronomy stories in the news?
No
Do you know anybody who studies astronomy?
No, maybe Mr. Kaigler…
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Can we use technology, like computers to study astronomy?
Yes
How so?
I am not to sure, but I know that you could use computers and stuff.
If went outside tonight and it was clear, there weren’t any clouds, say we went out a 10
o’clock, what do you think we would see?
Stars. Umm..I hmm..the sky.
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What is science?
The study of maybe of the earth
Who does science?
Scientists, MD
What does a scientist look like?
Ummm a scientists
Can you describe one?
Scientists wear long coats or jackets, the white jackets
Do you like science?
It’s alright
Can you think of something you like?
Umm..sports
Is there something you don’t like?
Yeah
Do you use science in your everyday life outside of school?
Yeah
Can you think of an example?
The milky way
What is astronomy?
The study of stars
What is a star?
A star is a ….can’t think of anything
What is a variable star?
I don’t know
What’s magnitude?
I don’t know
Does the night sky change?
Yeah
Can you think of a way that it changes?
The stars, yeah the stars, yeah
If went outside tonight, what are some things we would see in the night sky?
Stars, the moon
How does technology help us study astronomy?
I don’t know
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What is science?
Science is the study of life on earth.
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Do you like science?
It’s okay
Is there anything you can think of that you really like?
Chemistry.
What is something that you don’t like?
Dissecting.
What, who does science?
Scientist
Who are they?
People who study our sun or something
What are some characteristics that you think a person might need to be a good scientist?
To know what they are dealing with.
What is astronomy?
Astronomy is the study of the like the planets and the stars.
Do you like astronomy?
Yeah
Do you know anybody that studies astronomy?
No
What is a star?
Made up of gases in like in space
Do stars ever change or do they stay the same?
They change
What is a variable star?
I don’t know
Umm. Do you know what magnitude is. It deals with stars?
No
Can you tell me about a star’s life cycle, like where it starts and where it ends?
No
Umm. Have you every watch the news, like at 6 at 10 and heard anything about
astronomy?
No
Umm. If we went outside tonight at 10 o’clock and it was clear and we look up what would
we see?
Stars
Would it change, would that night sky change or would it stay the same, like 6 months later.
It would change.
Do you know how it would change?
Don’t stars like are, due to the rotation
How can we use technology to study astronomy?
To use technology we can discover…
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What is science?
Uhh, is the study of like earth and it’s like you know, animals and chemistry and biology. Just
roughly.
Do you like science?
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Ahh. Yeah, it is probably one of my better classes. I mean this is an easier science but I am sure
I would fine in chemistry and the hardest ones that are here right not.
What do you like about science?
Umm. Ahh. I guess you know, I understand it. Whatever I get I understand it. But I guess I
like you know the little procedures and experiments.
Is there something you don’t like about science?
Umm…not particularly. No
Who does science?
Umm…astronomers, biologist, chemists. You know kids in school.
What would a scientist look like?
Umm…I image a doctor could be a scientist. Hum… you know the white robe thing. Yeah. I
am not sure.
If, what’s a good characteristic that someone would need to be a good science?
Curios about the elements of the earth.
When you graduate from high school and you have your house and you are out on own, will
you use science in your everyday life.
Probably, something. I mean it’s a huge field so I probably end of using something that has to do
with science.
What is astronomy?
Ahh it is the study of the stars. Yeah
Who are astronomers?
People who study the stars.
But who are they?
They are like the people. Yeah know whoever studies them in college.
What is a star?
Umm. A little light in the sky. It is like the sun but it is farther away.
Does a star ever change or do they stay the same?
They grow older and ah…and they grow in size and I guess it might die, I’m not sure.
Do you know a star’s life cycle. Can you describe a star’s life cycle?
I don’t know. I think it is exact terms, but I not sure of the terms, but I know it, umm, no not
really, I know it very roughly but
But can you spit out what you roughly got?
I want to think that they are made from, I’m not sure. What they are made from. The stars are
real small and they grow larger and grow brighter and maybe even change color. And keep
growing larger and when they are oldest, I think there are maybe three cycles, and when they are
oldest, I am not sure how they die, but they die. Something or fade. It has been a while.
Do you know what a variable star is?
No
Do you know what magnitude is when we talk about a star?
No
Umm, if, does our night sky ever change or does it stay the same.
Yeah it changes because the earth rotates constantly. And you know it’s in a revolution
constantly, so its changes, we always see it again at some point during the year, they next year
again.
Have you ever heard of any astronomy stories in the news?
Hmm...maybe high tide or something like that, and has to do with the moon, but nothing beyond
that.
Do you know anybody who studies astronomy?
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Hmm…yeah, I think so, I mean, I haven’t meet them in a long time but yeah.
Do you know any clubs or organizations that center on astronomy?
Umm…hmm there is one here in the school.
How would we use technology to help us study astronomy?
Better linked telescopes, and mapping, and you know things like that.
If we went outside tonight at 10 O’clock and it was clear, there weren’t any clouds. What
would we see?
I know a couple a nights ago, I made out Orion. So I probably bet we could see that again
tonight. So a bunch of stars and tiny lights in the sky.
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What is science?
Science umm.. the study of the environment. And things we don’t know like human stuff like
that
Do you like science?
Umm it is something that we should know about
Is there something you don’t like about science?
I don’t know. It’s confusing sometimes.
How so, how is it confusing?
Like some of the words you don’t understand
Who does science?
Scientists
Who are they?
People I guess
What would a scientist look like?
Someone like pretty smart and glasses I guess.
What’s a characteristic a person would need to be a good scientist?
Passionate I guess for science
When you graduate will you use science?
Probably
Can you think of a way?
I don’t know, animals I guess
What is astronomy?
The study of space
Who does astronomy?
Astronomers
What’s a star
A star . . . um . . . like a planet I guess far away.
Can you describe a star’s life cycle?
Starts with gas and ice then it like starts twirling around, it stars twirling like a sun in the middle
and then it going into a sun, a star, and then it has two phases it could grow up to being a much
brighter star I guess or blow up and become a black hole.
What is a variable star?
Pass

Does the night sky ever change?
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No, just the moon I guess of the earth, you just see different, position of the stars is different.
Do you ever hear astronomy in the news?
Sometimes, yeah
Can you remember an astronomy story?
The spirit, the little robot on Mars, and they should us some pictures and stuff like that.
If we went outside tonight and it’s around 10 o’clock and there are no clouds in the sky,
could you describe to me what we would see?
A lot of stars.
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What is Science?
Hmm Science is the study of what’s around us. And I really don’t know if that’s the definition or
that’s what I think.
Do you like science?
It’s interesting. I like it. For me it is interesting. I like it since I was a little girl.
What’s something that you really like about it?
Hmm.. I like how you like figure out things. Like say, like umm you put chemicals together.
What it comes out to be. And then, and then stuff like that. That’s like really cool. The things I
like.
What’s something that you don’t like about science?
Sometimes it is really confusing. It is just a lot of stuff you got to understand to get it. But then
and sometimes its like in your opinion. It’s no right or wrong answer. But sometimes you have
to know a lot stuff to get it right.
When you graduate from high school, and you have your own house and you have a job,
will you use science in your everyday life?
Hmm. Hmm. I am not sure about my everyday life but I know that I will use it.
Can you think of any ways you might use it?
Hmm. Like say, no, I don’t know.
Who does science?
Everybody
So, give me some examples of who everybody would be.
Like us, students, we do science everyday since we have science everyday as class. So all the
students in the world do science.
What are some good characteristics you would think a person would need to be a good
scientist?
An open mind. To hear people’s opinions and see other people’s answers and just be open
minded.
What is astronomy?
The study of, of like the stars and the sky and ah…
Who would do astronomy?
I would say anybody who likes it.
What is a star?
I don’t know.
Does the night sky ever change?
It depends on like how life’s treating him. Whenever he has a bad life and at the end he become
back.
Do, have you ever heard anything about astronomy in the news?
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Yeah, about like the comets and shooting stars.
If we talked technology, like computers and electronics, what are some things or ways we
could use technology to study astronomy?
Simulating things. Like simulating the stars, like the constitution, consolu….hmm…like just
using it because you do research on it. Through the internet.
So if we went outside tonight say around 10 o’clock and it was not cloudy, it was clear, what
would our night sky look like. What would some things that we would see.
We would see stars. We could probably see shooting stars too. Hmm. That’s it. And the moon.
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What is science?
Science is the study of the nature world I guess. The environment. Anything that has to do with
nature
Who does science?
Mother nature. I don’t know. It does it by itself?
What would a scientist look like?
A scientist would like, he would have ah, one of the white robes on with those glasses things, and
the gloves.
When you graduate from high school and you have your house, and you have a job, will you
use science everyday?
Yeah, cause science has to do with almost everything you do.
Can you give me an example?
like when we go outside, you can like, like if something has to do with the car, you could observe
it, or you could study it like by the way it, like the way it sounds and stuff.
What do you think are some characteristics that would make a person a good scientists?
The educational background. The experience and the patience.
Why patience?
Because like, of ah, if one of the experiments don’t go right you have to keep trying over and
over again.
What is astronomy?
Astronomy, it might, I think it about the stars and the planets and all that. That is what I think.
Do you like astronomy?
Yeah, it is kinda interesting to learn about it. I would like to learn about the planets and stuff.
What is a star?
Ahh… a star it’s like ah substance that contains chemicals that make it shine I guess.
Do stars change or do they stay the same?
They change, they also changer where they were. They keep moving.
Can you tell me about a star’s life cycle?
No, I don’t know that one.
Do you know what a variable star is?
No.
Do you know what magnitude is?
No.
Does the night sky change?
What do you mean by the night sky?
So if we go out tonight and we look up at the sky and then we go back a month later will it
be the same?
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No, it would be different.
How would it be different?
The stars would be in different places. As well as the moon.
Have you ever heard any news stories about astronomy?
Any news stories, no. like if I hear something, like I have already heard them or I have seen them
on TV.
Do you know anybody who studies astronomy.
My cousin. Really? Yeah. How do they study astronomy? Well, he goes to college and he is
going to make it for a scientist. And that is what he does.
How do you think technology can help us study astronomy?
It could help us, that way wouldn’t have to work as much, and like it could help us determine
more things that before.
If we went out tonight say around 10 o’clock and there weren’t any clouds in the sky, what
would we see?
All the stars, and the moon.
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What is science?
Study of something.
Do you like science?
Yes
What parts of science do you like?
Astronomy and biology
What parts of science do you not like?
I don’t know
Who does science?
I don’t know, scientists
Who are they?
Professors
What would a scientist look like?
I don’t know
When you graduate and you are out of high school, will you use science?
Umm I don’t know
What is astronomy?
The study of space the stars
Who does astronomy?
Astronomers and scientists
What is a star?
I don’t know
What is a variable star?
I don’t know
Does the night sky every change?
I don’t know
If we went outside tonight and it is around 10 o’clock and there is no clouds in the sky,
could you describe to me what we would see?
A lot of stars, and maybe see a few planets
How does technology help us study astronomy?
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You can see farther with umm…the observatories, you can study stars and check the surfaces.
Do you ever hear any astronomy in the news?
No, sometimes,
Can you remember any of the stories?
No.
Do you know anybody that studies astronomy?
No.
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What is science?
It is about the environment.
Do you like science?
Yeah. It’s pretty good
What part do you like?
Like we get to do hands on activities and just learn about the planets and all that.
Is there something you don’t like?
Tests
What would a scientist look like?
Glasses and white jacket. Short hair.
Who does science?
People that enjoy it and like love to just do it. They love the science.
What would be a good characteristic of a person would need to be a good scientist?
?
if I wanted to be a scientists or you wanted to be a scientist, what would be something that
would have to have as a characteristic to be able to be a good scientist?
Umm have like patience and do work and wait like for, so if you are doing an experiment half the
time you work on it, not just start and then just leave for like two years. And then work on it.
What is astronomy?
Stars like where they stars are located
Who does astronomy?
Scientists
Like who?
I don’t know
What’s a star?
A star’s just like it has five points and is white umm. That’s it.
Do stars ever change or do they stay the same?
They change in time
What is a variable star?
I don’t know
Can you describe a star’s life cycle?
What do you mean life cycle?
Like where does it start and where does it end.
No
What about magnitude? Do you know what magnitude is when we are talking about stars?
Umm no
Do you know anybody that studies astronomy?
Mr. Kaigler

228
Have you every watched a news channel like at 6 or 10 and seen anything about astronomy?
No
How can we use technology to help us study astronomy?
No clue
So if we went out tonight, outside tonight around 10 o’clock and it was clear and there
weren’t any clouds, can you describe for me what we would see?
You would see like, it would be all black and see a lot of stars and the moon, umm, and you can
make out the stars
What do you mean about …
Like sometimes, like the big dipper or the milky way. I don’t think you can see the milky way
but you can see usually see designs like with the stars. You get full amount of the stars.
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Can you tell me what is science is?
Isn’t it the study of things like the earth and the outer space and plants and a lot of things.
Do you like science?
Ahh a little bit.
A little bit, what part do you like?
Hmm the fact that like you could study how things are actually made and like the stars how they
move and then you know the earth and stuff like that. Yeah.
When you graduate from high school, and you know, you get a job and have a house, do you
think you will use science everyday?
Yeah, there are always ways to use science. I mean the temperature of your coffee is sorta of
science cause you are using temperature. Yeah…yeah so
Who does science?
Umm…scientist.
Who are they?
Astronomers, normal people.
What would a scientist look like?
To me a scientist is, I don’t know, like I always figured as a scientist was like Albert Einstein
with the crazy hair and the glasses and the white coat. Yeah, they have to have crazy glasses. It
is got to be thing. It’s got to be.
What do you think are some good characteristics to what makes a good scientists?
The fact that they know their science. Like the fact that they know a lot of things, they can
explain it, and yeah.
What’s astronomy?
Ahh they study of space. Rocks . . space.
Who does astronomy?
Astronomers
Well, who are they?
People.
What’s a star?
A ball of gas. Yeah, know that shines.
Do stars stay the same all the time?
No
Why?
Because they explode.
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Do you know what a variable star is?
No
Do you know what magnitude is?
I have heard it before. I have known the definition before, but I forgot.
Could you tell me about a star’s life cycle?
No, all I know that it is there. Then it goes poof. Then it is not there.
Does the night sky that we see every night change?
Hmm. Yeah I think so.
How do you think it changes?
Hmm, well, over the months probably. Since the earth is going around. The stars don’t stay in
place either they could start moving too. So.
What do you think the study of astronomy tells us about our world or our everyday life?
Hmm… that we are not the only planet here. And that you know there could be other life or other
planets and more stars in another galaxies and stuff like that.
Have you every heard any astronomy in the news. Like on the TV news?
Um hum
Do you remember any of the stories?
Mars. There was a big one mars.
Do you know anybody that studies astronomy?
Hmm Mrs. Furr she is one of our teachers here. She’s studies.
Do you know of any clubs or organizations that study astronomy?
Astronomy club with Mr. Peters.
Does technology help us in any way study astronomy?
Yeah
How so?
Umm…they can we can like see the stars better, we can send hmm like little cameras out to outer
space to see things like Mars for example. They sent little ships. I don’t know what they were
called.
If we went outside tonight and it wasn’t cloudy and we looked up, what we see?
Right now? Or tonight? Right now probably depends on how sunny it is, but when it is
sometimes dark you will see the moon on the other side. Or one or two star. Like this morning I
saw one or two stars.
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Do you like science?
For the most part yeah.
What do you mean for the most part?
If I don’t understand something, sometimes I don’t care that much. Ya know. Cause I am not
interested that much in science. But I do like to learn things about nature and the environment we
live in. so.
What is science?
Science is the study of everything like nature, space, umm…everything around the world ya
know.
When you grow up do you think you will use science in your everyday life?
Probably
How do you think?
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Probably when we are in college or something, we might use it for umm animals or it depends on
what the experiment is.
Who does science?
Lots of people who are like science.
Can you give me an example?
Like can you….that’s one. There’s not right or wrong answer to what we are doing.
What do you think would make a person a good scientist?
Someone who is focused and dedicated to the ahh their science activities or whatever.
What is astronomy?
Astronomy is the study of space and the planets and the stars?
Do you like astronomy?
I would like to learn what it umm usually means, no, I know what it means but I would like to see
what the class has to offer.
What is a star?
A star is umm
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What is science?
Well to me it is like, probably has to do with nature and I mean the stars and everything
Do you like science?
Yeah
What part do you like?
I probably like just like trying things. Trying to find the answer to something I don’t know.
When something is unknown and you try to find out what it makes it or, ya know
is there something you don’t like about science?
Umm..no
Who does science?
Scientist
Who are they?
People who like science
What would be a good characteristic someone would need to have to be a good scientist?
Probably like patience
Why?
Because probably if you are going to do something you probably have a lot of patience to find out
what like what they solution is.
What would a scientist look like?
Anyone
What is astronomy?
Isn’t that is where, like stars and the planets and all that?
Who does astronomy?
Astronomers
And who are they?
..
what’s a star?
It’s a rock. It’s a rock. I don’t remember. All I know it’s a rock
Does it change or does it stay the same?
I don’t know
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Do you know what a star’s life cycle is?
No
If we went outside tonight and let’s say that it is 10 o’clock, and it was clear. And went
outside and looked up at the sky, what would we see?
If it was clear? If it was clear. Probably we would just see black, the earth if it is so clear, the
sky is
Have you every watched the news like at 6 and 10 and heard anything about astronomy?
No
Do you know anybody who studies astronomy?
No
How can we use technology to study astronomy?
Well, umm
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What is science?
That’s a good question. I think its something that has to do with the earth. So like ah
Do you like science?
It is very interesting, with all the chemicals and
Is there something that you really like about science?
I think a lot of stuff like forensic science.
Is there something that you don’t like about science?
Umm . . . .nothing
Who does science?
I don’t know
What do you think is a good characteristic would be of a person to help them be a scientist,
what characteristic would they need?
Umm a first they need to study. They need to learn the basic science to go further than that.
What does a scientist look like?
?
What is astronomy?
Don’t know
Do you know anybody that studies astronomy
No
What is a star?
Something in the sky
Do they stay the same or do they change?
They change
Do you know how?
No, but when you look at the sky, if you look at the sky tonight it looks one shape, and if you
look at it tomorrow it’s going to be another different shape.
So what do you mean by shape?
Like, you can see different stars in different shapes
Okay, when you graduate and you have your own house and you are out on your own, do
you think you will ever use science?
Yes
Do you know how?
Not really, but when you put all your chemicals
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How can we use technology to study astronomy?
Don’t know
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What is science?
It’s the study of like ah different living and nonliving things like around the world and in the
universe.
Do you like science?
Yeah
What’s something you like about science?
Like lab work, like in class lab works. Just how everybody gets like to join in and say what they
think they is.
Is there anything you don’t like about science?
Not really
Who does science?
A lot of different people, mostly everybody can do science
What does a scientist look like?
A guy in a robe, a white robe.
What would be a characteristic a person would need to be a good scientist?
Just to be patient and not be like hard headed and saying all of what they are doing is right, what
they are doing is right. Then it would be open minded, and make changes in what they are doing
in order for it to be right.
When you graduated and have a job, and you have your own house, will you use science?
Yeah
How will you use science?
In trying to kids what is right and what’s wrong. And like different things like ah.
What is astronomy?
It’s the study of like stars and space and planets
Who does astronomy?
I don’t know
What is a star?
It’s a gas, like a flaming gas in the sky
Do stars change or do they stay the same?
Umm..
Can you describe a star’s life cycle?
No
What is a variable star?
A star that can change
What is magnitude?
I don’t know
If you watch the 6 o’clock or 10 o’clock news do you every hear any astronomy stories?
I don’t watch the news
Do you know anybody that studies astronomy?
No
Does our night sky ever change?
No
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If we went outside tonight and it is 10 o’clock and there is no clouds in the sky, what would
see, describe to me what we would see
Every star and like we could see different planets and ah I don’t know what they are called. Not
shapes but the things that form the sky.
Can you describe one for me?
I don’t know their names but there are the ones that look spoons, there are two of them. And the
guy like on the horse or something.
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What is science?
Like the study of the earth and everything. How it started I guess.
Do you like science?
Umm not really
What’s something you don’t like?
Well, it’s not like I don’t like, it’s just that I don’t understand it or sometimes, I am not good at it,
that’s why
Who does science?
I have no idea
What does a scientist look like?
I don’t know.

If you closed your eyes and I said what does a scientist looks like, what picture
comes up in your head
Like a tall guy, with white umm, like those things, and glasses I guess.
When you graduate and you have job and you have your own house, do you think
you will use science?
Maybe
Can you think of a way?
No, not really
What is astronomy?
the study of the stars, I don’t know
who does astronomy?
I have no idea
What’s a star?
A star is like a comet or something. I don’t know
What’s a variable star?
I have no idea
Do stars change or do they stay the same?
I think they change
Do you know how they change
Nope
Do you know a star’s life cycle, like where it starts and where it ends?
No
How do we use technology to study astronomy?
I don’t know
Have you every heard any stories about astronomy in the news?
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No
If we go out tonight and let’s say it’s 10 o’clock and there’s no clouds. So it’s clear.
It’s not going to rain, and we can see pretty well, can you describe to me what we
would see?
A lot of stars and hmm..
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What is science?
Science is the study of like things, study of, it’s kinda hard to explain.
Do you like science?
Yeah, it’s cool
What’s something you really like about science?
Like, I like looking at cells and things like that, like just like little algae things that swim around
some, it’s pretty fun
What’s something you don’t like about science?
Book work
Who does science?
Scientist
And who are they
People. Ahh
If I asked you to close your eyes and ask you what does a scientist look like, what picture do
you have?
Bill Nye the science the guy
And what does he look like?
Tall, with white, suit, jumpsuit I don’t know, goggles
What is astronomy?
The study of stars and umm planets
Who does astronomy?
Astrologist
And who are they?
People
What’s a star?
A star is a ball of burning gas, I don’t know
Do they stay the same or do they change?
They change
How so
They get bigger and smaller, brighter and umm well they don’t change but, well they do change
but they don’t change
Can you describe a star’s lifecycle, where they start and where they end?
Umm just a bunch of like gas that gets compressed together to make a star, that’s pretty much it
What’s a variable star?
I don’t know
What’s magnitude?
I don’t know
Have you ever heard anything about astronomy in the news?
Um no
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Do you know anybody that studies astronomy?
Nope
Do you know of any clubs or organizations that study astronomy?
Here anywhere just here at the school
How could we use technology to study astronomy?
Get better scopes and stuff like that, satellites
When you graduate and you have job, and a house, will you use science?
Maybe
How so?
I don’t know
Does the night sky change?
No, well it does change, but, we’re the ones that are like just stars that were no, do stars move? I
don’t know. Well, it changes because we spin and the earth like rotates, I guess it probably
changes. I don’t know
If we went outside tonight at 10 o’clock, and there were not clouds in the sky what so ever,
can you describe to me what we would see?
Constellations I don’t know. A bunch of stars
What are constellations?
A group of stars that make up a, a picture in the sky
Do you know any constellations?
Yeah, like Leo and big dipper, little dipper
Would you be able to find them in the sky?
Probably just the little dipper
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What is science?
Science is hmmm umm like part of it is like the light umm how it, okay the light the stars and all
that stuff. Science is all around.
Do you like science?
No
What is something you don’t like?
I don’t like math.
Who does science?
Scientists
And who are they?
They are people
What would a scientist look like?
Well, some of them are old with big funny glasses. Like on the movies
When you graduate and you have job, and you have your own house and everything, will
you use science?
Ya, you use science all the time don’t you
Can you give me an example?
Turning on the light, is science. Umm. Let’s see what else. I don’t know there are all kinds of
stuff.
What is astronomy?
The stars and everything, space
Do you know anyone who studies astronomy?
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No
What is a star?
It is, It’s like a rock. I guess. I don’t know
Do stars change or do they stay the same?
They change
How so?
Like when they move, in space. And then some of them get smaller
How do they move in space?
Umm…ok, we move though. We rotate, yeah. Doesn’t they just star there and then we move.
So that is what I think. I don’t know.
What is a variable star?
I don’t know
What is magnitude?
?
how could we use technology to help us study astronomy?
I don’t know.
Have you ever heard any astronomy news stories, like on the news channel?
The weather channel? Like the weather.
What about the 6 and 10 when they have like local news and sports?
I only see the weather.
If we went outside tonight, around 10 o’clock and there are no clouds in the sky, could you
describe to me what we see?
Lots of stars, sometimes lots of stars, and sometimes like barely, you would see lots of stars.
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What is science?
Um . . . it’s just kinda like the study of earth and life and everything that surrounds it I guess
Do you like science?
Umm not really
What’s something you don’t like?
I guess I don’t really get much of the things lots of times, like in school. Like in science classes.
So, ya know, I’m not really into science
Who does science?
Umm scientists
Who are they?
Uhh…people that study science stuff for a living
If I asked you to describe a scientist could you tell me what a scientist looks like, what would
that be?
Ahh I guess, short hair and a lab coat.
When you graduate and you have a job and you have house, do you think you will use
science?
Umm…I might, but just for little stuff, not to like not to do a research about something or
anything
So what would be a little stuff?
I don’t know like, urr . . I don’t know
What is astronomy?
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Astronomy, it’s the study of space and umm just stars and stuff like.
Who does astronomy?
Astronomers
And who are they?
Umm people who study astronomy
And what is a star?
A star is ah…light in the sky
Do they change or do they stay the same?
Uhh…they change.
How so?
They might get brighter or maybe darker or bigger or smaller
Can you describe a star’s life cycle?
I think it starts out like ….really bright and then it gets darker over the years
What is a variable star?
I have no idea
What’s magnitude?
Hmm I don’t know
Does the night sky change?
The night sky….ah…umm…I don’t think it does no
How can we use technology to study astronomy?
Ahh…how can you use it to study astronomy? Well know you can like, like send like ahh, you
can send people up there and stuff. And like take pictures and bring it back and study them.
Have you ever heard any astronomy stories in the news?
Ahh…umm…yeah…like yeah
Like what one?
Like umm you can see a comet or something…they kinda of say it in the news that there is going
to be a comet or some…yeah, just like that
If we went outside tonight at 10 o’clock and it was clear there were no clouds can you
describe to me what we would see?
Ahh..a lot of stars the moon and that’s it.
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What is science?
Science is the study of everything. Of everything that exists.
Do you like science?
Yeah, to me it’s interesting.
What part do you like?
Actually I like the, learning about the stuff like earthquakes and umm tsunamis and natural
disaster stuff.
What’s something you don’t like about science?
Umm probably the chemicals, and at least remembering them. That’s they only thing.
Who does science?
Everybody
What does a scientist look like?
Like a normal person
What is a characteristic a person would need to be a good scientist?
They would have to know science. And they would have to study it.
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What is astronomy?
The study of stars.
Who does astronomy?
The astronomers
And who are they?
People that like the stars
When you graduate and have a job and you have your own house. Do you think that you
will use science?
Yes.
How?
It depends on what my job is. I don’t know.
What’s a star?
A star is like a ball of gas.
Can you describe a star’s life cycle?
It’s like really really bright or something? I am not sure. It’s like really bright and then by the
time the light reaches its already burnt out.
Do stars change or do they stay the same?
They change
How so?
They change like, they change their form I guess. It’s a gas, its not a real solid thing.
Does the night sky change?
Yes
How does it change?
With seasons it changes. The stars move.
How do the stars move?
The earth rotates.
What is a variable star?
I don’t know
What is magnitude?

I don’t remember.
Do you know anyone who studies astronomy?
You
Besides me?
Ahh no
Have you ever heard any news stories about astronomy?
No
How could we use technology to study astronomy?
With telescopes. We can look at the stars more.
If we met at the school tonight, and it was clear, could you describe to me what we
would see?
You would see a lot of stars, especially from here because there is no light from, you
would be able to see a lot of stars. And a lot of stars that look like clouds because there
are so many together.
Bold =Researcher

What is science?

PRE

Regular Font= student RRB313

239
The study of a lot of things I guess
Like what?
Biology, and the earth, and stuff like that, and the stars and things that make basically us, oxygen
and all that stuff.
Do you like science?
It’s okay
What’s something you like?
I like to learn what’s, basically how animals live and stuff
What’s something you don’t like?
The hard questions. I don’t know complicated questions like the stars and stuff like that.
Who does science?
Mr. Kaigler
Anybody else?
Scientist
Who are they?
They’re, they’re people that go to school to study science. Study things
What does a scientist look like?
Well, I guess that he has a white robe and glasses. And has the tong things to the those thing,
yeah. I don’t know.
What’s a characteristic that someone would need if they wanted to be a good scientist?
A good brain, you would have to think a lot.
What’s astronomy?
Stars, the study of stars or something.
Who does astronomy?
Astronomers
Who are they?
Scientists
And who are they?
Um people who study things
When you graduate and have a job and you have your own house, will you use science?
Ahh…
What is a star?
A ball of gas.
Do stars every change?
As in their color or?
Just change
I guess some get bigger or some smaller then they like over time they explode and they change
color.
So could you tell me about a star’s life cycle, where does it start what does it do and where
does it end?
Its like, its like it starts by gathering, it is like a black hole or something, and it starts gathering
stuff and it spins and turns into a star and then it umm after a long long time it blows up and new
stars form.
What’s a variable star?
Don’t know
What’s magnitude?
Don’t know
Does our night sky ever change?
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Umm.. like the stars?
The night sky. is it always the same, like if I went out today would it be the same sky 6
months from now?
No
What would change?
The stars and the position in which we are facing
How so?
Cause we are like always turning and then like you could look at a different spot. Or you could a
the same spot but it would be different because we are turning.
Have you ever listened to the news like at 6 or 10 and heard anything about astronomy in
the news?
Yeah, Halley’s comet
Do you know anyone that studies astronomy?
No
How can we use technology to study astronomy?
By using the ah those the things were you look into space, I forgot what they are called.
Can you describe them?
Its long has a lens and you can look at the stars, for like and they get closer and you can look at
them.
So say we went outside tonight at 10 and it was clear and there were no clouds describe
what you would see.
Lots and lots of stars and a big moon.
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What is science?
It’s the… it’s the study of like everything. Science is everything.
Do you like science?
Yes
What’s something you like?
Umm…like…I would like to study meteor and comets like that
What’s something you don’t like?
I don’t know, about human. Like the study of humans and stuff.
Who does science?
I don’t know
What would a scientist look like?
You.
Okay if I had you close your eyes and think about a scientist look like, what would a
scientist look like?
Hmm . . a smart person
So what is a characteristic a person would need to be a good scientists, besides being smart.
Umm…I don’t know, dressed like a doctor, I don’t know.
What is astronomy?
Isn’t it the study of like the planets or stars, isn’t it?
Who does astronomy?
?
What is a star?
Isn’t it like, aren’t they like sun, isn’t it like the sun. the sun.
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Do stars change or do they stay the same?
They stay the same
When you graduate and you have a job and you have your own house, will you use science?
Yes,
How so?
Like, I don’t know. Um. . ..probably ah on my garden or something…looking at rocks. Or
Can you describe a star’s life cycle, like where it starts and where it ends?
No
Have you ever heard any astronomy in the news, like on 6 and 10?

No
How can we use technology to study astronomy?
Pass
Does the night sky change?
It does doesn’t it, yes
How so?
I don’t know.
If we went outside tonight at 10 o’clock and there were no clouds it was very clear, describe
to me what we would see.
A bunch of stars, white dots.
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What is science?
Well, it is the study of a lot of things, because if you think about it everything is science. Because
I am in like sports medicine and in science I am dealing with the human body and that is biology.
So that means science is an everyday occurrence.
Do you like science?
Yes I do
What is something you like?
I like the body the human body. Cause I am going to be I am going to go Drone university and
study umm sports medicine athletic training, injuries, how to cure it, what’s it called, physical
therapy, rehabilitation
Is there something you don’t like about science?
Chemistry, it’s too hard. I haven’t got that one
Who does science?
I think everybody does some science. Walking can be a science that’s mobility, so everybody
What does a scientist look like?
Anybody can be a scientist. So it could be anybody male or female.
When you graduate and you are doing your physical therapy and you have your own job
and your career, do you think you will use science in your everyday life away from your
job?
Yeah, because you could look at, you see car crashes all the time, that’s science because they
have to figure how, how the cars crash, which is mobility and all that. So I mean, and the roads
and everything.
What is astronomy?
Ahh stars and I like astronomy a lot. I, actually I bought my first telescope when I was eight. I
remember that I like astronomy.
Who does astronomy?
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Astronomers
Who are they?
People.
What is a star?
Umm a star could be a planet or a sun
Do stars change or do they stay the same
They change, oh yeah, I believe they change.
Could you describe a star’s life cycle?
Umm I don’t know really how to describe it, I can see, I mean could, I can, like I can see it but I
don’t know really how to describe it
Does the night sky ever change?
Oh, yeah, with the rotation of the earth
So how does it change?
Actually I was just looking at the sky last night and I was thinking that, cause from where I live I
see Orion really good and now I am having finding it. I think. Yeah. It is off to the south I guess.
So
What is a variable star?
Oh I don’t know
What’s magnitude?
I have heard of it, I heard science teachers talk about it. I don’t remember. But if I was to hear it
I probably would know it.
Have you ever head any astronomy things in the news?
Yeah, umm, I was reading the Santa Cruz bulletin, it’s a local paper and they were saying umm, I
believe it was November I believe, that Mars would be the closes ever in fifty years, sixty years,
I’m not sure. In a lifetime it would be the closest, kinda. I was like ah. I got to busy.
Does astronomy tell us anything about our everyday lives?
Probably from like a person who studies science. Like as a career probably, but I mean if you are
dealing with stock and business, I wouldn’t, wouldn’t think that they pay much attention. But to
feel person who looks up at the sky, I they would. I think it really would.
So if we went outside tonight, at 10 o’clock and its clear, would we see something besides
Orion?
The Milky Way. I cause if you look, like because if you look, like cause my house is surrounded
all by trees and then, then there straight away crane in my driveway. And along it’s just the
Milky Way. And that is all I see, a bunch of clouds. Or ah stars.
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What is science?
Science is like the study of like living things, plants, animals. I think astronomy is involved in it,
yeah.
Who does science?
Scientists
Who are they?
They are like the experts
Do you like science?
Part of it.
What parts?
Like when we are talking about the solar system. I find that very interesting.

243
Is there something you don’t like about science?
Nothing specific, I can’t think of anything right now.
What would a scientist look like?
A nerdy person
What would look like?
Not nerdy but little silly being that looks really intelligent with glasses
When you graduate will you use science?
Parts of it we use in our everyday life don’t we? Water is involved in science. The atmosphere is
involved in science, we use that.
What is a characteristic a person would need if they wanted to be a scientist?
….
What is astronomy?
The study of sun and stars
Who does astronomy?
I don’t know
What is a star?
I have no idea
Can you describe a star’s life cycle?
No
What is a variable star?
I don’t know
Does the night sky change?
Yeah, I think so
How does it change?
Like the stars move.
How do the stars move?
I don’t know but I would like to know.
Do you ever hear astronomy in the news?
Rarely
Can you remember an astronomy story?
No
How can we use technology to help us study astronomy?
Technology, many ways, like, like I can’t think of it. Their equipment is the technology, and like
something that costs a lot of money.
If we go outside tonight and its 10 o’clock so it’s dark and there’s no clouds, can you
describe to me what we would see?
No clouds, stars…or just a clear sky, I don’t know.
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What is science?
Science doesn’t have ah a correct answer um more like math. I think there is only one answer,
but you can find out more answers and stuff like. The study of nature. Umm chemicals and
Do you like science?
Yeah
What part of science do you like?
Hmmm like what, like what part.
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What is something, if you closed your eyes and thought about what you liked about
science….
Astronomy.
Anything else?
Biology
What is a part of science that you don’t like?
Chemistry
Why?
Complicated.
When you get out of high school and you have your house, and you have a job, will you use
science in your life?
Nope. Probably just to look at stars and stuff like that.
who does science?
Scientist.
Who are they?
I don’t know.
What would a scientist look like?
Nerdy. A white suit. I don’t know
If you were to say some things that would make a scientist a good scientist, what are some
characteristics that they would have to have?
Education. Education and persistence
What is astronomy?
It has to do with space and planets, and galaxies.
What are some things you like about astronomy.
The thought of like other life on other planets and other galaxies and we could probably travel
over there.
What is a star?
A star, is a ball of fire. It has gases and planets revolve around it.
Does a star change or does it stay the same?
It changes.
Can you describe a star’s life cycle?
First, doesn’t it begin with a nebula, and then it starts getting bigger and bigger and then it
explodes again, and then it rebuilds again.
What is a variable star?
What do you mean?
If I asked you, what is a variable star?
I don’t know
Do you know anything about magnitude?
Umm nuunnah (no)
Does the night sky change?
Yes
How so?
I think that when the earth revolves the little Sagittarius and Capricorn move around, we move,
no, actually we move around. Yeah I don’t know if they change though?
What does astronomy tells us about our everyday lives?
It has something to do with I just said, like tell a fortune or something. And stars…
Do you ever hear any astronomy in the news, like on the news channel? Like the 6 o’clock
news?
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Nope
Do you know anyone who studies astronomy?
No
Do you know of any club or organization, that studies astronomy?
Yes, Mr. Peters has one.
How does technology help us study astronomy?
Helps us map out the galaxy and then with that we can probably start creating some things to
travel over there. And find out more stuff, like the probes we sent to Mars and stuff like that.
If we went outside tonight, at 10 o’clock and it was clear there weren’t any clouds, what are
some things that we would see?
Probably Orion’s belt, stars, more stars.
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What is science?
Science is the study of the earth.
What do you like about science?
The labs
How so?
how so?
How do you like them?
Well I like the things we do, like different experiments.
Is there something that you don’t like about science?
The work
Who does science?
Umm I don’t know
What does a scientist look like?
He looks smart and I don’t know.
What’s a characteristic a person would need to be a good scientists?
Like he would have to be smart. Umm. Smart. I don’t know
When you graduate and you have job and your have your own house, will you use science
or will you not use science
Yeah,
You think so, how will you use it?
Well I am not sure.
What is astronomy?
Astronomy is the study of space.
Who does astronomy?
I don’t know, teachers
Does astronomy tells us anything about our everyday lives?
No
What’s a star?
It’s like a planet or something.
Do stars change or do they stay the same?
They change
How so?
They get brighter, brighter or they are not as bright.
Can you describe a star’s life cycle?
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No
What is a variable star?
I don’t know
What’s magnitude?
I don’t know
Have you ever heard on the 6 o’clock or 10 o’clock news any astronomy stories?
No
Do you know anyone who that studies astronomy?
No
How could we use technology to study astronomy?
I don’t know
If we went outside tonight around 10 o’clock and it was clear, and there were no clouds,
describe to me what we could see.
The stars and the moon. I don’t know.
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What is science?
The study of life or the study of earth, or the same thing basically
Do you like science?
Yeah

What is something you like science?
Umm…I am not sure what I like but I like it.
Is there something you don’t like?
No, it’s okay.
What would a scientist look like?
Physically? Or
If you close your eyes and thought about what a scientist looks like, what picture
comes in your head?
With the white suit, and something like that, and glasses, I don’t know.
Who does science?
Who does science? Mr. Kaigler.
Do you know anybody else?
Just teachers.
When you graduate and you get a job and you have house, will you use science?
I am not sure. I don’t know. I think, ya.
So what’s a way you think you might use it?
No answer
What is astronomy?
The study of the solar system I guess, yeah
Who does astronomy?
Scientists
What’s a star?
A star? It’s ah…I don’t know.
What’s a variable star?
A what?
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A variable star?
I don’t know
Would the night sky every change? Does the night sky ever change or does it stay
the same?
The night sky (nice guy). He might change, yeah.
Can you think of a way?
Well he was nice umm. He could like turn different by like acting not nice.
Have you heard any astronomy in the news? Like on the news channel?
No
Do you know anybody that studies astronomy?
No, you.
If we went outside tonight and its 10 o’clock and there’s no clouds in the sky. Could
you describe to me what we would see?
Stars. Did you say clouds or stars?
There are no clouds.
Stars
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What is science?
Science…..
Do you like anything about science?
Yeah, like studying like dinosaurs and stuff like that. Yeah. I think that’s pretty cool.
What do you not like?
Working with chemicals. I don’t like that.
Who does science?
Scientists
Who are they?
People who study science.
What would a scientist look like?
Like Mr. Kaigler.
How so describe Mr. Kaigler, or a scientists.
Umm has a white coat. Has glasses like Mr. Kaigler. Yeah
What would be a characteristics a person would need to be a good scientist?
Being smart, like hard working.
What is astronomy?
The study of like the solar system and like the planet and all that.
Who does astronomy?
Astronomist
And who are they?
People who study astronomy?
What is a star?
Ahh…pass
Do stars ever change or do they stay the same?
They change
How so?
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They like, they like, they burn, their power runs off after time. Like a period. Like a long period
of time.
What do you mean by its power?
Like a shining thing. Like cause it exchanges gases and other chemicals and its made out of, for a
period of time. The star just booof and goes off.
So what’s a life cycle of a star?
I don’t know that.
What is a variable star?
A bright shining star
Does the night sky ever change?
Yeah
How could we use technology to study astronomy?
With like robots and other space crafts. We can take pictures of the stars and planets.
If we went outside tonight say around 10 o’clock and there were no clouds in the sky, what
would we see?
Stars and planets and other things.
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What is science?
Science is the study of the earth.
What do you like about science?
The labs
How so?
how so?
How do you like them?
Well I like the things we do, like different experiments.
Is there something that you don’t like about science?
The work
Who does science?
Umm I don’t know
What does a scientist look like?
He looks smart and I don’t know.
What’s a characteristic a person would need to be a good scientists?
Like he would have to be smart. Umm. Smart. I don’t know
When you graduate and you have job and your have your own house, will you use science
or will you not use science
Yeah,
You think so, how will you use it?
Well I am not sure.
What is astronomy?
Astronomy is the study of space.
Who does astronomy?
I don’t know, teachers
Does astronomy tells us anything about our everyday lives?
No
What’s a star?
It’s like a planet or something.
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Do stars change or do they stay the same?
They change
How so?
They get brighter, brighter or they are not as bright.
Can you describe a star’s life cycle?
No
What is a variable star?
I don’t know
What’s magnitude?
I don’t know
Have you ever heard on the 6 o’clock or 10 o’clock news any astronomy stories?
No
Do you know anyone who that studies astronomy?
No
How could we use technology to study astronomy?
I don’t know
If we went outside tonight around 10 o’clock and it was clear, and there were no clouds,
describe to me what we could see.
The stars and the moon. I don’t know.
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What is science?
The…it. science is kinda to find out facts about questions that we can’t answer.

Do you like science?
Yes, I like science
What’s something you like about science?
Hmm…I thought that studying rocks was pretty cool when I was a freshman.
What’s something that you don’t like?

Math problems
Who does science?
Ahh scientists, teachers,
Who are scientists?
Anyone
What would a scientist look like?
Like Mr. Kaigler
Could you describe because the machine doesn’t know how Mr. Kaigler is.
Tall, beard, studied a long time, Ph.D.
When you graduate and you have a job and you have your own house, will you ever use
science?
I don’t know
What is astronomy?
The study of the universe
Who studies astronomy?
Astronomers
And who are astronomers?
Umm, like scientists.
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Does astronomy tell us anything about our everyday lives?
I wouldn’t know

What is a star?
Is it a sun?
Do stars change or do they stay the same?
They change
How do they change?
Some are brighter than others and some are real dull, sometimes there is….
Can you describe a star’s life cycle?
Ahh…no…I can’t think of it
What’s a variable star?
Oh, I don’t know
What’s magnitude in reference to a variable star?
i don’t know
how can we use technology to study astronomy?
Sending satellites into space, shuttles into space,
Does the night sky ever change?
Sometime
How
Sometimes the stars are shifted. And it is a little bit darker than usual.
If we went outside tonight at 10 o’clock, and there were no clouds, can you describe what
you would see?
Yes,
So what would you see?
Stars
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What is science?
Science is to me, it is like to study to prove something, you know like to prove hypothesis and
theories and stuff like that.
Who does science?
Anybody can do science, anyone can be a scientist
Do you like science?
It’s okay
What’s something that you really like about science?
Playing with stuff, playing with the gadgets.
What’s something that you don’t like?
Remembering things, remember things, studying, you have to do that.
What would a scientist look like?
Like a normal person
When you graduate from high school and you have job and you have your own house and
stuff, will you use science?
Well, I guess eventually we are all going to use science, so some way or another.
What is astronomy?
The study of stars and planets, space
Who does astronomy?
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Astronomers
And who are they?
People, people who like stars
Does astronomy tell us anything about our everyday life?
Umm, I think it kinda does, I have no clue
What is a star?
Ball of gases
Can you describe a star’s life cycle?
When it is born it is bright and when it’s dead it is no more light.
What is a variable star?
I have no clue
What is magnitude in reference to a star?
The size of it
Does the star change or does it stay the same?
No it changes I guess, it gets bigger and then it small
Have you heard any astronomy stories in the news?
Well, the one I can remember is the one where the people died in the shuttle, that kinda sucked,
that’s about it
Does the night sky change or does it stay the same?
It changes the stars change.
How do the stars change
Well they get aligned differently because we move around them.
How can we use technology to study astronomy?
Well telescopes could be effective, well, they are effective know but we probably going to have
more telescopes that could go even farther than before. Telescopes
If we went outside tonight at 10 o’clock and there were no clouds, could you describe for me
what we would see?
Yeah, tiny little dots, bigger and litter ones. Sometimes some are constellations.
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What is science?
Study of life. Like I think
Who does science?
Everybody
Do you like science?
A little bit
What is something you like about science?
The experiments that we do
Is there something you don’t like?
Like I don’t really understand them. It’s hard for me to understand them.
What would a scientist look like?
Hmm like Mr. Kaigler. I don’t know. Anyone can be a scientist
When you graduate will you use science in your everyday life?
Yes
Can you give me and example?
When we breathe, everything, I don’t know
What is astronomy?
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It’s the study of stars and planets you know
Who does astronomy?
Well anyone who studies for astrology, astronomy, and anyone can do it
What’s a star?
A star? A gas. A gas in the sky, I don’t know.
Can you describe a star’s life cycle?
No
What’s a variable star?
I don’t know
What’s magnitude?
I don’t know
How can we use technology to study astronomy?
Telescopes, we can use, and technology and faster and better way to equipment, I don’t know, for
work
Have you heard any astronomy in the news?
Hmm. Yeah.
Can you give me an example?
Like when umm a meteoroids hit Boston or something [the class was watching a video of what
would be possible if a meteor hit Boston on this day in class]
If we went outside tonight around 10 o’clock and it’s clear, there’s no clouds, can you
describe what we would see?
Umm. 10 o’clock. Well we would see stars. And umm..
Does the night sky change?
I don’t know.
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What is science?
Science is the study of umm I don’t know
Do you like science?
Umm, maybe, kinda
What’s something that you like about science?
Well, big experiments I guess
What is something you don’t like about science?
It’s a lot of work
Who does science?
Scientist
And who are they?
Normal people
What would a scientist look like?
Glasses, like ah, white little, suit, and old I guess
When you graduate and have your own house and a job, will you use science in your
everyday life?
Umm, yeah
How do you think that you will?
Breathing, drinking water
What is astronomy?
The study of the universe
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Who studies astronomy?
Astronomers
What’s a star?
a ball of fire
do you know a star’s life cycle?
No
Do stars change or do they stay the same?
The get like brighter or dull
Does astronomy tell us anything about our everyday life?
Umm, umm,
Does the night sky ever change?
Like,
Like if we went outside tonight and we went outside 6 months from now would it be the
same or would it be different?
It would be different
Do you know how it would be different?
Cause the stars like, the
What’s a variable star?
I don’t know
What is magnitude in reference to a star?
I don’t know
Have you ever heard an astronomy news story in the news?
No
Do you know anyone who that studies astronomy?
No
How can we use technology to study astronomy?
Well, with telescopes and
If we went outside tonight at 10 o’clock, and there are no clouds in the sky, could you
describe for me what we would see?
The clouds and the moon
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What is science?
It’s the study of, of different things like the ecosystems and animals and galaxies and stuff.
Do you like science?
Yeah
What’s something if you had to choose something that you like about science?
Ummm they human body and how it works
Is there something you don’t l ike?
No, not really
Who does science?
scientist
And who are they?
People who study science.
What would a scientist look like?
Well, I think is all different types of scientists, like not really a stereotype, there is like different
kinds
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When you graduate, do you think you will use science in your everyday life?
Yeah
Can you give an example?
Well, I am planning on studying for a doctor, so pretty much everyday
Do you thin k you will use it outside of your job?
Yeah, like if you see the mo on for instance. You are going to think about the moon cycles and
everything in that sense.
Who does astronomy?
Astronomist
And who are they?
People who study stars
What is a star?
It’s like a rock in outer space that has sorta gas and looks shiny
Can you describe a star’s life cycle?
Umm..well..it’s just, I think it’s like rocks that they are, outside of our ozone, so that’s why they
shine. They have like gas and then it comes to a certain point where they explode and the comes
to little pieces.
Do stars stay the same or do they change?
Depends because they come. If like we change, and if we don’t they don’t’ change
What’s a variable star?
Umm..one that changes
What is magnitude?
The size
Do you every hear any astronomy in the news?
Umm, not lately
Can you think of one or some from the past?
Well, only from like movies, like Armageddon, and stuff but no in recent news or anything like
that.
Does the night sky change?
Umm yeah because we see different. Stars get gets…I don’t know
How do we use technology to study astronomy?
Well, with like the telescopes and everything you can see closer and you can see like how far they
are, you can measure how far they are. And some people can go and see what is in the stars.
How big they are and stuff.
If we went outside tonight around 10 o’clock and there were not clouds can you describe to
me what we would see?
We would see, the sky, sorta like midnight blue and then the stars and depending on the cycle of
the moon, you would see how bit it was.
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What is science?
Umm…science is something that gives you like a lot of data that you use…I don’t know
Do you like science?
No not really, it’s not my favorite subject
What is something you don’t like?
About science? Umm I like, don’t like the rocks and all that. It gets me frustrated.
Who does science?
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I don’t know
What would a scientist look like?
Like all nerdy probably, I don’t know
When you graduate do you think you will use science?
Probably, ah yeah
Can you give an example?
Ahh…well like in astronomy, I am probably gonna use that.
What’s a characteristic someone would need to have to be a good scientist.? What’s a
quality that they would need?
To be smart. Yeah.
What’s astronomy?
How the space is like created… I don’t know
Who studies astronomy?
I don’t know
What’s a star?
A light.
Can you describe a star’s life cycle?
No
Do stars change or do they stay the same?
They change
How so?
They change, like in different places they go like around the earth.
Have you heard any stories about astronomy in the news?
No
Do you know anyone who studies astronomy?
No
Does the night sky change?
I don’t know
When you were telling me about how they moved around and around. How does that
change happen?
How does the, umm. The stars go around. Because the sun goes around the earth and well, the
stars have to move, so the sun can go out on the earths…I don’t know how to explain it.
How do we use technology to study astronomy?
Hmm I don’t know
If we went outside tonight around 10 o’clock and its clear, there’s no clouds, can you
describe to me what we would see?
At night? Stars. And I don’t know probably mars or yeah, the moon.
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What is science?
Umm, it’s the study of like the environment, and animals and stuff like that
Who does science?
Scientist
And who are they?
People that like what to know more details about certain things, and like how are trees made
Do you like science?
No
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What is something that you don’t like about science?
I don’t know, I’m not really interested in things that in science, like what’s inside an animal, I am
not interest in that
When you graduate from high school and have a job and your own house, do you think you
will use science in your everyday life?
Probably, you should, but I don’t, if I think about it just like that, I don’t think so
What’s astronomy?
Stars, they study of stars
Who does astronomy?
Astronomers
And who are they?
Umm, they study stars, like where there are at and how far they are, I don’t know
What’s a star?
A little white thing in the sky, I don’t know
Do stars change or do the stay the same?
The change
How do they change?
I don’t know, brightness, size, like obviously the brightness would be if they are far or close
Do you know the life cycle of a star?
No
What’s a variable star?
I don’t know
What’s magnitude in reference to a star?
The size
Does the night sky change?
Like if you went outside and look outside today at night, and then went 3 months later
would it be the same?
Well, just like looking that, I would look the same but certain things would have to have change
to them. Like the positioning of the stars and stuff like that.
How do the positions change?
Well they probably like move, or like the earth move, you would see them different
Does astronomy tell us anything about our everyday lives?
I don’t know, probably
How would we use technology to study astronomy?
Technology, I don’t like more improved telescopes and things like that. To get closer to how a
star looks, and what’s out there and stuff like that.
If we went outside tonight at 10 o’clock and there were no clouds in the sky, describe to me
what we would see.
Umm, well it would be like, stars, some brighter some like lighter. And the moon. And that’s it.
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What is science?
That science is the study were in nature
Do you like science?
Yes
What is something you like about science?
I like when it’s talking about the world and lands and everything like that

257
What’s something you don’t like about science?
Umm to make experiments
Who does science?
Everybody
What would a scientist look like?
To investigative, what everybody needs to know.
But what would they look like, would they have blonde hair?
I don’t know
Will you use science when you graduate?
Hmm…no
What’s astronomy?
It’s, it’s about the planets, sun, and all that
What is a star?
?
can you describe a star’s life cycle?
No
What’s a variable star?
I don’t know
What’s magnitude?
I don’t know
Have you ever heard any astronomy in the news?
Yeah,
Can you give me example
How the stars and mat and the earth and all that
Do stars change or do they stay the same?
I don’t know
Does the night sky change?
Yeah
How so?
Hmm…wouldn’t the earth, was moving the sky starts to change
How can we use technology to study astronomy?
Be able to see more, and help to I don’t know
If we went outside tonight at 10 o’clock and there’s no clouds, can you describe to me what
we would see?
A lot of stars.
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What is science?
Well it’s to me like, you experience like, what is astronomy, like you learn about nature. I don’t
know…practically that
Do you like science?
Sorta yeah. I can get into me. Yeah, sometimes
What’s something you like about science?
Labs and experiencing, touching stuff and all that kinds of stuff.
Is there something you don’t like about science?
I don’t know, everything, it’s just not my favorite class. It’s okay.
Who does science?
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I don’t know
What would a scientist look like?
It could be any person
What would be a characteristic a person would need to be a good scientist?
To know a lot of stuff about it.
When you graduate and you have a job and you have your house, do you think you’ll use
science everyday?
Yeah, maybe
Can you give an example?
Well, when you are getting your plants or you want to take your kids out to see some stars, I
don’t know…things like that.
What is astronomy?
You learn about stars, galaxies, ah meteors, I don’t know, a lot of stuff
Who does astronomy?
Anyone, I don’t know
What is a star?
Something that glows in the night
Do you know what, could you describe a star’s life cycle, where it stars, where it ends?
No
Do stars change or do they stay the same?
They stay the same, I don’t know
What is a variable star?
I do not know
What’s magnitude?
I don’t know
Have you ever heard any astronomy in the news?
Yeah, sometimes, yeah
Do you remember any of the stories?
No
Do you know anyone who studies astronomy?
Well, you
Besides me? How could technology help us study astronomy?
The numbers, umm I don’t know, many things that have a lot in common.
If we went outside tonight and it’s around 10 o’clock and there is no clouds in the sky, can
you describe what we would see?
Darkness, I don’t know, stars more stars, I don’t know
Does the night sky change?
Sometimes, I don’t know
How would it change?
The moon phases, I don’t know. It could be any color…I mean it’s not always very dark very
light.
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What is science?
Science is umm the study that is proven or studied by people. I don’t know.
Do you like science?
Yeah
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What’s something you like about science?
Experiments, you learn things that are different. You try new things
Is there something you don’t like about science?
Math, a little math, the hard math. But it’s alright.
Who does science?
Hmm everyone that is interested, teachers,
What would a scientist look like?
Anyone. Anyone could be a scientist I guess. Science teacher or scientists
What’s a characteristic a person would need to have to be a good scientists?
Just study and I don’t know, be, a characteristic, I don’t know
What is astronomy?
Astronomy, it’s when you study space, or isn’t it? Yeah, hmm yeah when you study space, the
sun, planets, I guess
Do you know anybody who studies astronomy?
No, not really. I study astronomy but just class
Have you ever heard any astronomy in the news?
Just yeah, I heard about it.
Can you think of any of the news stories, what they were about?
Not really, just about mars, that they are studying if there is life or something like that.
What’s a star?
A star is ah hmm…I know what it is but I can’t remember the word. It’s umm…isn’t it like a
rock or something like that. I don’t know. I don’t remember
Do stars stay the same or do they change?
They change
How do they change?
They change like their movement. Well they don’t change their…it’s probably because we
change, I don’t know, cause we move, the world moves and I don’t know
Can you describe a star’s life cycle?
No
What’s a variable star?
I don’t know
What’s magnitude?
I don’t know
Does the night sky change?
The night sky? yeah. Doesn’t it? It doesn’t change, it’s just us, we change the sun and that, I
don’t know.
How do we use technology to help us study astronomy?
Umm to keep cameras up there and to learn more about it with just putting something, just things
out there
If we went outside tonight and it’s around 10 o’clock and there’s no clouds, could you
describe to me what we would see?
Yeah. You could see stars, stars, you could see the moon, you could see things stars make
shapes, and angles, different angles, I don’t know
do you know the names of any of the shapes?
Little dipper, big dipper, there’s this lady out there but I don’t remember the name of it, in the
sky.
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What is science?
Science umm the study of like everything like the earth, space, animals.
Do you like science?
Yeah,
What is something that you like about science?
Umm, like the study of animals
What is something that you don’t like?
Umm like cells, and
How does science?
That I known?
In general
Scientific guys
And who are they?
Ah, what’s the name of this guy, Bill Nye the science guy.
What would a scientist look like?
Glasses, nerd
When you graduate and you have a job and you are away from school, do you think that
you will use science?
Yeah maybe
How so?
Like um, to do things at home or work
What’s astronomy?
Astronomy of study of umm the stars
Who studies astronomy?
Scientific guys
Um does astronomy tell us anything about our everyday life?
Yeah
Like what?
Umm, the weather, umm the days, nights, yah know, time
What is star?
Star, gases, chemical reaction,
Can you describe a star’s life cycle?
Umm it can last like many years
What’s a variable star?
Um I don’t know
What’s magnitude in reference to a star?
Magnitude, I don’t know
Can we use technology to study astronomy?
Yes,
How?
How, umm, like making telescopes so that we can see better, stars
Does the night sky ever change?
Excuse me
Does the night sky ever change?
Yeah, I guess cause the earth um goes around like the sun you know and you see the stars from a
different way
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If we went outside tonight at 10 o’clock and there were no clouds can you describe for me
what we would see?
Well, it depends, the city, cause if there are a lot lights you won’t see that many stars so, I guess
you would see stars.
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What is science?
I think that science is everything around the earth
Who does science?
Everything
What does a scientist look like?
Oh, well, wear something white, like a big long white coat. Huge glasses
Who does science?
I think like everyone
How so?
Well with everything they do, like cooking, like water, anything.
What would be a characteristic a person would need to have to be a good scientist?
To have good observations on things, not just look at it and say oh that’s a box
When you graduate and you have job, and a house of your own, will you use science?
Yeah, I think so
Can you think of a way you might?
I think I will use science by math, in case of, I don’t know depending on what I want to be. And
taking care of myself.
What’s astronomy?
I think it has to do with stars and the planets
Who does astronomy?
I don’t know
Does astronomy tell us anything about our everyday life?
I think it does, I think astronomy explains umm, I don’t. How the earth rotates and how different
other planets can be. It’s not just one world, there’s other worlds around.
What’s a star?
A star, I think it’s a planet from far away but everyone calls it a star.
Do stars change or do they stay the same?
I think they change
How do they change?
I think it begins small and then they get bigger as the year’s go by
What’s a variable star?
I don’t know
What’s magnitude in reference to a star?
I don’t know
Does the night sky every change?
Yeah, it does
How does it change?
Actually no, it doesn’t
Have you ever heard astronomy in the news?
Sometimes
Can you think of a news story?
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I can’t think of one right now.
How can we use technology to study astronomy?
Technology, I have no idea
If we went outside tonight, at 10 o’clock and it was clear and there were no clouds, can you
describe to me what we would see?
If we went outside tonight at 10 ‘clock. I think it would just be dark and maybe a couple of stars.
That’s it. A moon.
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What is science?
Ahh the study of life and stuff
Do you like science?
It’s alright
What’s something that you would like about science?
Umm
What’s something you don’t like about science?
The work
Who does science?
Smart people
And who are these smart people?
Go to college and get doctor’s degree
And what does a scientist look like?
I don’t know
Umm, when you graduate and you have job and you are away from school, do you think
you will ever use science?
Probably
How
Because I am going to be engineer
What’s astronomy?
The study of stars and planets
Who studies astronomy?
Astronomers
And who are they?
People who study stars I guess
And what is a star?
A star is ah umm
Can you describe a star’s life cycle?
Well the light, the light that reaches, the stars have been there a long time already…
Do stars change or do they stay the same?
They change
How does it change?
They don’t, they like, when they reach like their big, and then they start to get smaller
What’s a variable star?
I don’t know
What’s magnitude in reference to a star?
I don’t know
Have you ever heard about a news story about astronomy in the news?
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No
Does the night sky change?
Yeah
How does it change?
Umm, like winter and summer, it changes
How does it change?
I don’t know
How can we use technology to study astronomy?
How? Like big telescopes to see like things that are far away.
If we went outside tonight at 10 o’clock and there were no clouds in the sky, can you
describe for me what we would see
Stars, lots of stars
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What is science?
Science to me is when you study about the earth or stars or chemicals that’s is what science is for
me, I think.
Who does science?
Anybody, everybody. Who likes experimenting or making things.
Do you like science?
Yeah, to a certain amount, like yeah I guess so.
What is something that you like?
Projects and mixing chemicals and see how they react when they are put together.
What is something that you don’t like?
The studying, the studying but I guess it kinda goes along with it, it kinda doesn’t really bother
me much though.
What’s a characteristic a person would need to be a good scientists?
Organized and very organized and….really thinks things through I guess, on what they are doing.
What would a scientist look like?
Like any regular person I guess.
What is astronomy?
Astronomy is the study of space
What is a star?
A whole bunch of gases I think, from up in the atmosphere.
Can you describe a star’s life cycle?
No
What is a variable star?
It is a star that become brighter and lighter during the time.
It brighter and lighter the same thing?
No
What is the difference?
You could see it more clearer, if it is a brighter star, and bigger than if it was a small, non
brighter.
What is magnitude?
I really can’t, I don’t know.
How does technology help us study astronomy?
It helps us study astronomy well in different kinda of ways, I wouldn’t know how to explain it.
Does the night sky change?
Yes,
How so?
I am trying to remember what we were studying the other day. I really don’t know if I could
answer that.
If we went outside tonight when it is dark, what is something that we could see besides the
moon?
The stars and maybe the milky way. It depends on the telescope probably.
Do you know any constellations?
I used to know some.
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We are going to look at question number 4, question number 4 has four stars labeled, A, B,
C, D. and using what we used in class, can you describe anything about the picture?
Umm…C is probably has low magnitude on it, I think, or it’s a variable star. Well, I know that
all of these are variable stars, I think. And they are getting brighter. B is brighter than C, I think
as time is changing.
If I gave you two magnitude numbers, if I gave you the magnitude number of 5 and the
magnitude number of 12, which star would represent each number?
This one would probably be 12 and this one 5. B 5.
How could you tell me for sure that they were variable stars, what would you need?
I don’t know.
We are going to look at question number 7, question number 7 have two pictures of the
night sky, can you describe to me any changes you see?
These variables stars by time they changed, they became brigher.
Okay if I give you two number again, if I give you a 5 and a 3, which night would represents
a 5 and which night would represent a 3?
The 3 would be, what was the other number?
5
Night 2 would be a 5 and night one would be a 3
Using the program Mira that we have using in class, can you tell me the steps you need to
do, to get a set of images ready to study? So for example there is folder, and inside the
folder,2006, there are all the images from 2006.
Well, you would have to open all the images to Astrometrica. And you have to register all the
stars. And put them on a database on excel and then create them into a graph.
What do you mean by register?
Mark down the star, the same star, on all the same images.
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What is science?
The study of maybe of the earth
Who does science?
Scientists, MD
What does a scientist look like?
Ummm a scientists
Can you describe one?
Scientists wear long coats or jackets, the white jackets
Do you like science?
It’s alright
Can you think of something you like?
Umm..sports
Is there something you don’t like?
Yeah
Do you use science in your everyday life outside of school?
Yeah
Can you think of an example?
The milky way
What is astronomy?
The study of stars
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What is a star?
A star is a ….can’t think of anything
What is a variable star?
I don’t know
What’s magnitude?
I don’t know
Does the night sky change?
Yeah
Can you think of a way that it changes?
The stars, yeah the stars, yeah
If went outside tonight, what are some things we would see in the night sky?
Stars, the moon
How does technology help us study astronomy?
I don’t know
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What is science?
Science is the study of all life on earth.
do you like science?
It is okay
What is something you like about science?
Science, I guess studying the environment.
Is there something you don’t like?
Anything that has to do with dissecting.
What would a scientist look like
Well, like a really smart person in a white coat.
What is a characteristic a person would need to be a good scientist?
Just knowledge, and he has to know what he is talking about, first, and all that.
Will you use science in your everyday life?
Yeah, you do. Even if you don’t know, but it is there.
Can you think of a specific example.
Like when you breathe, you breathe out, I think is carbon, carbon, plants take it in and they
release oxygen and it is just a cycle.
What is astronomy?
Astronomy is the study of stars, planets, solar system.
What is a star?
A star us a ball if gas,
Can you describe a star’s life cycle?
Umm I remember but I forgot the phases, like I do know it I just don’t remember.
What is a variable star?
I know this one. It is like, I am guessing it is like a star that goes through different periods of
time and changes its brightness.
What is magnitude?
I want to say, the weight, they amount of something in the star, like a pressure or gravity, I am not
sure.
If I give you three numbers of magnitude, 1, 7, and 12, which star is the brightest?
1
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Does the night sky change?
No
What would we see if we went outside tonight, something besides the moon?
The stars, like maybe a planet or so.
How could we use technology to help us study astronomy?
Well, by using technology like, like you can look closer into things, like see things more clearer
than just trying to observe with the naked eye or something.
If on the computer I put a file for all the images in 2006, what are some things you would
have to do to those images to get them ready to analyze.
Well, first you would have to find your variable star, and look for two, umm, I don’t remember.
There are two other stars, to look for to. And you umm…label their magnitude, like that it about
what I remember.
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What is science?
I don’t know, the study of the earth and some of the things that make it function.
Who does science?
Ummm scientists, people who want to know what makes the stuff function.
What’s a good characteristic that a scientist would need to have?
Curiosity about what some of the things, the earth, I guess.
Do you like science?
Yeah, I suppose so, pretty good.
What is something that you really like about science?
Ummm the elements, the metals, things like that.
Is there something that you don’t like?
Umm…chemistry. I don’t like chemistry.
Why not?
Umm… I don’t know, too much math involved and I am not the greatest in math.
What would a scientist look like?
Any number of things, I mean, they look like regular people
What is astronomy?
Ahh…the study of the stars and night sky.,
What is star?
A star, umm..pass
What is a variable star?
A star that is changing its magnitude, and there is a number of different way it does that. But that
is basically what it is.
What is magnitude?
Ahh. It is the brightness of a star.
Can you be more specific?
Brightness of a star, when it shines more and you can see it better. I guess.
Who studies astronomy?
Astronomers, people at the telescopes, anybody.
How do we use technology to help us study astronomy?
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Pass
Does the night sky change?
Yeah, with the earth rotating and the revolution, ya know, it is constantly changing. I mean,
constellations aren’t where they were the night before and things like that.
If we went outside tonight and looked at the night sky, could you tell me something that
would be there besides the moon?
The big dipper.
And what is the big dipper?
Umm it is constellation that I think the north star is attached on to.
Okay we are going to look at number four, number four has four stars labeled, A, B, C, and
D. And using some of the things we learned in class about variable stars, can you describe
to me anything about the picture?
Ummm just look at that one? Well all three all four have different magnitudes. B with the
brightest, then A, then C, then D. but probably variable stars, but I don’t’ know.
If I gave you two numbers, if I gave you the number 5 and the number 9 which stars do you
think would represent those two magnitudes?
Umm….probably B would be 5 and A 9.
Why did you say A would be 9?
Umm I don’t’ know, I guess I am thinking that there is no limit on how the magnitude goes or
how dull or brightness it gets, so I am thinking well, C and D would be much higher numbers of
magnitude.
So if there was a star brighter than B, and you said B was 5, What would its magnitude be?
Lower than 5, anything lower than 5.
Now we are going to look at picture 7, number 7, it has two pictures of the night sky. and
one is in January and one is in August, can you describe any differences you see?
Well, it is a pulsating variable star I think, or it is definitely a variable star. In August it has a
much brighter magnitude. And …maybe size is different, maybe that is why I am thinking it is
pulsating.
Which one is closest to us, January or August?
Umm…January
How do you know?
Because these other stars seem closer to it. I think August is closer, I don’t know, I’ll just pass on
that.
So if I give you 5 and 3 again, which night would represent RR Aql being a 5 and which one
would represent a 3.
2 would probably be a 3 because it is brighter, night two would be brighter, so I think that is the
three one.
When we use the program Mira, could you explain to me what you would need to do to get
an image ready to analyze.
Which program?
The mira program
I believe you go to file, open image set, and there is a number of different years, and you click on
one that has a bunch of images. And you have to highlight one per shift and go all the way down.
And then what would you do.
Just press open all of them, it would take awhile for them all to open up. But it would just be in
one box, which you could press the next button and you could see the next image.
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What is science?
Science, umm, they study of earth I guess.
Anything else?
No
Who does science?
Umm scientists
Who are they
Like who are they? Like who are they?
People, what kind of people? I don’t like, people that are interested in animals and stuff like
that.
What would a scientist look like?
Like anybody else.
What would a characteristic be that a person would need to be a good scientists?
Just be very interested in that job.
Do you like science?
A little.
What’s is something that you like about science?
Umm like the stars. Like it is good to find out that we could land on the moon and stuff like that.
Is there anything you don’t like?
The work.
What kind of work?
It is just like a lot of research.
What is astronomy?
The study of stars.
What is a star?
Umm…pass
What is a variable star?
Pass
What is magnitude?
Like the brightness of a star.
So which star would be brighter? A star with a magnitude of 3 or a star with a magnitude
of 5?
3
Does the night sky change?
Like,
Like if we go out tonight and look at the sky will it be the same sky in three months.
No
What will be different?
The rotation
Of?
Of the Earth
And how will the night sky look?
It would be just like, they stars would be like in a different, different direction. Like if they were
going to the north, it would probably to the northeast or something.
If we went outside tonight when it was dark, what would be something we could see besides
the moon.
Stars and like asteroids, not like comets, shooting stars.
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We have been using the program Mira, let’s say I gave you a file on the computer with all
the images from 2006. What would you have to do to get them ready to analyze them.
Like graph them. Ummm… get all the Julian dates, and graph the Julian date.
What’s Julian date?
I don’t know.
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What is science?
Science for me like when you study like animals the plants or about the stars.
Who does science?
Like Mr. Kaigler
Anybody else?
Umm…no
What does a scientist look like?
Umm.. normal
What is a characteristic a person would need to be a good scientist?
Umm I don’t know.
Do you like science?
Kinda
What is something that you like?
Like the study like about the animals and the plants
What is something you don’t like?
The human body
What is astronomy?
Astronomy is when you study the stars
What is a star?
Umm…I don’t know, something that shines
What is a variable star?
A variable star is a brightest star, like the brightest star.
Does the night sky change?
Yes
How so?
I don’t know
How does technology help us study astronomy/
Umm… pass
If we went outside tonight and look at the sky, and it is dark, what is something you could
see beside the moon?
Stars
Any specific ones?
Like umm the I don’t know what to call them, like the little dipper and I don’t know
Okay, we are going to look at question number 4, question number 4 has four stars labeled,
A, B, C, and D. Can you describe anything about those four stars?
Umm A is smaller B, and the B starts changing like brighter, and bigger. And when it goes to the
C it gets smaller. Not that brighter and then it goes D and kinda of like disappears.
Which star is closer to us?
Umm
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If I gave you two numbers, if I gave you a magnitude number of 3 and the magnitude
number of 9, which star on the paper would represent the 3 and which would represent the
9?
Umm…I don’t know
We are going to look at question number 7, question number 7 has two pictures of the night
sky, one in January and one in August, can you describe to me any changes you see?
Umm…January this star is not that bright and this one gets brighter than that one, bigger.
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What is science?
Science for me like when you study like animals the plants or about the stars.
Who does science?
Like Mr. Kaigler
Anybody else?
Umm…no
What does a scientist look like?
Umm.. normal
What is a characteristic a person would need to be a good scientist?
Umm I don’t know.
Do you like science?
Kinda
What is something that you like?
Like the study like about the animals and the plants
What is something you don’t like?
The human body
What is astronomy?
Astronomy is when you study the stars
What is a star?
Umm…I don’t know, something that shines
What is a variable star?
A variable star is a brightest star, like the brightest star.
Does the night sky change?
Yes
How so?
I don’t know
How does technology help us study astronomy/
Umm… pass
If we went outside tonight and look at the sky, and it is dark, what is something you could
see beside the moon?
Stars
Any specific ones?
Like umm the I don’t know what to call them, like the little dipper and I don’t know
Okay, we are going to look at question number 4, question number 4 has four stars labeled,
A, B, C, and D. Can you describe anything about those four stars?
Umm A is smaller B, and the B starts changing like brighter, and bigger. And when it goes to the
C it gets smaller. Not that brighter and then it goes D and kinda of like disappears.
Which star is closer to us?
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Umm
If I gave you two numbers, if I gave you a magnitude number of 3 and the magnitude
number of 9, which star on the paper would represent the 3 and which would represent the
9?
Umm…I don’t know
We are going to look at question number 7, question number 7 has two pictures of the night
sky, one in January and one in August, can you describe to me any changes you see?
Umm…January this star is not that bright and this one gets brighter than that one, bigger.
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What is science?
Science. Like what’s it about or…
What is it to you? When you think about science, what do you think about?
The studies of plants and like…what it has happened like around the earth and all that.
How do you use science everyday outside of school?
Like how do I use it and…I don’t know.
Do you drive? yes How would you car be using science?
Gasoline how so like the chemicals the use to make the car run I guess..
Who does science?
Scientist And who are they ? the people that are into straight up learning more about earth and
stuff. And everybody’s a scientist.
How so?
Like old people is applying, like learning how to plant their flowers and that, how to keep to keep
them warm in the winter and watering them.
What’s a characteristic a person would need to be a scientist?
A master’s degree A master’s degree?
How about a characteristic though? Like tall or short?
Ah, it doesn’t matter what size or what height.
Do they have to by shy or bold?
No, they have to be like, easy like, be comfortable to speaking out loud and letting people know
what they know.
What would a scientist look like?
I don’t know, guess have that white jacket. Short hair. Glasses
Are they a boy or a girl?
Either, don’t matter. Are you sure? Yeah
What’s astronomy?
The study of stars. I guess.
Do you like science?
Yeah, it’s pretty cool.
What’s something you like about it?
Like how you get to use hand activities and that. Well, we haven’t done nothing this year, but
like past classes, like in biology. We used to like, its called, inject frogs, dissect frogs and stuff.
That was pretty cool. We get to learn about them though
What do you mean by hands on?
Like sometimes they give us stuff, like projects and stuff to do. That we have to learn to do them
and all that.
What’s a star?
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I don’t know.
We have been studying variable stars, what does magnitude have to do with variable stars?
Magnitude…isn’t it that ahh the …like isn’t the weight that the stars has or if it new star or old
star something like that.
What do you mean by weight?
I mean like height or something like that. Like how long the star has been there or something like
that.
Does the night sky change?
Yeah
How does it change?
Like sometimes you see more stars and sometimes you don’t
Can you name anything that is in the night sky beside the moon?
Stars
So we are going to look at question number 4. Question number four has four stars labeled,
A, B, C, and D. Using some of the terms and techniques that we studied in class on variable
stars, can you describe the four stars for me? You can describe them in relationship to each
other, you can describe them alone by themselves.
Well, isn’t B, I think B is like a newer star and stuff. It is like brighter and I guess it has more um
gas around it. And I guess C is like an old star because it is all little and is less dense. And D.
Which one is the farthest away?
The farthest is D.
How do you know that?
Cause you can barely see it, like I guess.
We are going to look at number 7. number 7 has two pictures of the night sky. but the
same section of the night shown. Do you see any changes in the two pictures.
Yeah, in night one, like the star, like the 3 dots, on night 2 it shows where the three stars were got
like a lot bigger. Like if it grew or ahh.
If I gave you two numbers, I gave you magnitude 5 and magnitude 3 and we look at RR Aql
that’s the variable star that you pointed at. Which night would be the 5 and which night
would be the 3?
5 would be night 1 and 3 night 2
Why?
Cause, I think the lower the number, the farther the stars are. That’s what I think.
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What is science?
It’s the study of things.
What kind of things?
Plants, space, people, like to study everything
Do you like science?
Not a big fan
What’s something you really don’t like?
Umm all the math that you have to do in science. Experimenting and all that stuff that’s cool, but
the math and the stuff you have to figure out, that sucks
Can you describe to mean what you mean by the experimenting and ..
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Umm like being able to look at something through a microscope and say and oh that’s cool and
watch it change, and the colors you are actually able to see. Like biology we did a lot of stuff like
that. But, yeah,
Do you think, do you use science in your everyday like outside of school?
Yeah, like in a way, when you are making something you have to mix everything together. And
you look at it, it depends on how you look at it, depends on how you look at it if it is science or
not, I guess I do.
So how do you look at, do you think baking a cake is science?
Yeah, because you have to use the centimeter right, like I said, you have to do the right math to
get the perfect and if you don’t do the math right, they you don’t get it, so then it is like science,
cause like in science you have to measure and you have to find all this kind of stuff too, so it is
like math
What about your shampoo, does it involve science at all?
Yeah, it involves chemicals and things that people put into the to make it shampoo, so yeah.
Who does science?
Scientists, everyone
How everyone?
Well, umm, it’s science, everyone does science at a point. It’s not just you can’t do science cause
you didn’t major in science or something in college, it’s like, I did science in this class. So did
they. And so do Mr. Kaigler and so do you, everyone is doing science
What’s a characteristic or trait that someone would need to be a good scientist?
Smart, umm, I guess willing to like science
What’s astronomy?
The study of space and stars?
Do you like astronomy?
Little, somewhat.
What’s a star?
It’s a ball of gas. It’s a ball of gas, that’s as far as I know
So what does the gas do
It burns
Can you describe a star’s life cycle?
Well, it lights up and then it goes out
Do stars change?
Yeah, variable stars
So what’s a variable star?
A star that changes
How does it change, how have you notice a change?
Umm. They become dimmer and they disappear and then they come back and go away and then
come back and then go away, and then they come back.
What is magnitude?
I don’t know
Does the night sky change?
Yeah
How so
Umm, well with every star out there, who knows how long it’s out there, so it will die out, but for
everyone that dies out there’s probably like more that are growing into more.
How does technology help us study astronomy>
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Umm we can actually measure the stars from space. We can actually see the stars from space
now because of telescope. And we can actually send things out there to see and actually take
close pictures.
Okay we are looking at question number 4 and there are four stars labeled, A, B, C, and D,
Can you describe to me those stars using some of the things we learned?
Ah, yeah, A is somewhat dim, and B is the lightest one, and then’s there
What do you mean by the lightest one?
Well, it’s the biggest one, it is looks like the one that is not dying off. D looks like it is going to
go away pretty soon, because it’s not that bright, and C
Which star do you think is closer?
To us? Or to earth, to earth, B why? Since it is bigger, it is like, since you can see it more it is
like a little more closer. It’s like when you put your fingers close to you the one closer to you
look somewhat blurry but you see it bigger than the one behind it so,
Now we are going to look at number 7, number 7 has two pictures of the night sky, the same
section of the night sky. Do you see any changes?
Yeah, amm.. yeah. I think these stars that one is bigger and it gets smaller right there. And it’s a
variable star.
If I gave you the magnitude of 5 and 3, which one do you thing would be the 5 the January
picture or the August picture?
What does magnitude mean
Just try to make your best quess to which one you think would be the 5 and which one
would be the 3
So you are saying the January RR Aql would be the 5 and the August RR Aql would be the
3.
In the Mira program that we have been using, can you describe me how you would prepare
a image set to analyze the stars? Like if I had a bunch of pictures from 2006. What’s the
first step that we have to do to get them ready to use them
You open them and then and well, you go to image file, and go into the period that you are in
and click on the year that you are doing. You open all the pictures all of them. And you push
plan and watch them each change. And before we had to get rid of the olds, and now since they
are just pure and new. You just watch those and watch for the star that goes small and.
If we went outside tonight and looked at the sky, what are some things that you would see in
night sky?
The big dipper and the small dipper, yeah
What is the big dipper and the small dipper.
It is like a bunch of stars that look like a pan, there is one that is really big, and it has 6 or 7 stars
and the other one is smaller and it has a lot more stars.
What’s the difference between a planet and a star?
A planet is what we live in… You can land on it, not necessary breathe on it, yeah, it’s a planet.
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What is science?
Science, science is, I know, science.
What do you think science is, what does it mean to you?
Discover how things work and explain a lot of things.
When you leave school do you do science?
No, I don’t
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Do you drive yeah can you describe that have to do with science with your car?
Through like how the engine works, like how the lights work. How the radio works and that
stuff.
Who does science?
Ahh, you, you put it with the car thing, everybody does
Can you describe what a scientist would look like?
Wearing a white cape and a those little things of science. And ah.. that’s I would say glasses.
What’s a characteristic a person would need to be a good scientist?
Know how to think
About everything?
Yeah. Pretty much
What’s astronomy?
Astronomy..i don’t know
Do you like science?
Science, no not that much
What is something that you wish you could take out of science totally what would be
something that you would like to take out?
All the words in the biology, to many words to learn
What is something you like about science? There has to be one thing?
Dissecting the frog, and dissecting animals
What’s a star?
A star, brightness in the sky, like the sun.
What does magnitude have to do with variable stars?
Magnitude is like how they change, like the brightness. So different stars that change different,
when they have different magnitudes, they can have magnitudes at different times
Does our night sky change?
Yeah it does
How does it change?
Well, you look at it one night, and it different from the last night you seen it. Like a star can be
brighter, like rotating stars can block each other. So.
Can you name something that we would see in the night sky besides the moon?
Stars, the milky way.
Has does technology help us studying astronomy?
By creating microscopes and things like that. Creating ways to like look at things closer.
If we went outside tonight and looked at the night sky, could you describe to me what it
would look like?
Like, every night, but like stars, and moon, and some stars brighter than the others.
Okay, we are going to look at question number 4, and cover up your answer. Question
number 4 has four stars labeled, A, B, C, and D. Could you describe for me those four
stars. By using things we learned in class about variable stars.
One has more magnitude than the others.
So which one has the higher magnitude number?
I would say B
Does it have a higher magnitude number or is it brighter?
It is brighter
So give me an example of a number that B would have compared to C
Well, like 3 point something.
Okay, so if B’s a 3 what would C be?
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Like point .7
Which star is closes to us?
Closer I would say B,
Because
It’s brighter.
Umm when we are working with program Mira, the one we have been working with, let’s
say I gave you a data set for all images in 2006. What’s the first process you would have to
do to get those images ready to study?
Look at them and delete the ones that did not come out right.
And then what would you do?
And then I would call it, put them in, put a star in, so that all the pages are the same. Like so that
it won’t be different ways then the other. So
We are going to look a question number 7, Question number 7 has two pictures of the night
sky…One in January and one in August. Can you describe for me any changes that you
see?
The stars in the second one. Like this one right here is way brighter way then it used to be over
here.
So, what is it?
It would be a,
What do you call a star that changes?
A variable star
Which image would have a magnitude, I am going to give you two magnitudes, which would
be 5 and which would be 3?
Of those two stars. This one would be 5 and this one 3
So night 2 was 5 and night one 3. That is opposite of what you said on the other stars. The
other stars you told me the brighter one had the bigger number. And the dimmer one had
the smaller number.
That is what I say, 5 and 3, and 5 is bigger than 3
So which number represents the brighter star, 5 or 3?
5
Okay, how so. Can you describe a star’s life cycle?
No.
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What is science?
Science I think umm pretty much the study of how things work or life.
Who does science?
Umm…scientists mostly…I think everybody does science some way or another
What does a scientist look like?
I think he would like mostly everybody would think he would look like. Smart, glasses, like
booksmart, goofy.
Do you like science?
I like science
Can you think of something you really like?
Well, like what we are studying right now, like Mira and all that. I think it is really interesting.
Is there something you don’t like?
No there really isn’t anything I don’t like
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What’s a characteristic a person might need to be a good scientist?
Dedication, that’s it
Why do you say dedication?
Because you have to be dedicated to your work and time and what you do. You have to love
what you do.
Will you use science in your everyday life?
Yeah, I am pretty sure
Can you think of an example?
Well, yeah, cars are science, and use that. Everything is mostly science like everything was
figured out and done and so we could use science and make our lives easier.
What is astronomy?
Astronomy isn’t that the study of the universe or something like that. I am not sure.
What’s a star?
A star. Umm…well we have been studying a whole bunch of stars. Like a variable star you
mean? You can tell me what a variable star is.. A star changes its brightness through time or
something.
What is magnitude?
Magnitude. Um.. I am not sure, isn’t it the closeness or how well you can see it. Or the
brightness. I am not sure.
If I gave you three magnitude numbers, lets say I give you 1, 5, and 7, which one represents
the brightest star?
1, 5 I am going to say.
How do you we technology to help us study astronomy?
Microscopes, I think that is technology. They provide us with close-up to the stars and the
planets.
Can you describe a star’s life cycle?
Ahh…starts off really bright and then it kinda goes through this CO2 and then gets less brighter
and then dissolves.
Does the night sky change?
Yeah
Can you give me an example?
The moon is one night is in one place, and then the next night it is another place. It’s a full moon
then a half moon and the moon phases. And stars are not always were they were the last night
before.
Why not?
I think the rotation of the earth, I guess. Everything just moves.
If we went outside tonight what would be some things we could see?
The moon, stars.
We are going to look at question number 4, question number four has four stars labeled.
Using what we have learned in class can you tell me some things about those four stars?
You can compare them, you can describe them.
I think B is the brighter stars. I think D are C, I don’t know what they are.
Which star is closest to us?
I would say…B. maybe D, I don’t know.
If I give you two magnitude number again, if I give you magnitude 5 and magnitude of 12
which star is 5 and which star would equal 12.
5 and 12 so B is 5 and D is 12 ahh yeah
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We are going to look at question number 7, question number 7 has two pieces of the night
sky at two different time periods. Are the same or are they different, and if they are
different could you tell me how they are different?
From January to August I think are brighter here and a couple of stars moved.
So which star or stars is brighter?
I think this star is brighter.
That is RR Aql. If I give you two magnitudes again, if I give you the magnitude of 5 and the
magnitude of 3, which night represents 5 and which night represents 3?
5 and 3
So night 2 is 5 and night 1 is 3
If we were in the computer lab and I put a folder on the your hour of all the images in 2006
what are some things we would have to do to these images before we could study them?
We would go through all the processes that you told us, that learn the variable stars and make
them blink. Through all the stars. And then we would go through.
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What is science?
Science I would say it is the study about the universe and the environment and everything.
Who does science?
Scientists probably
Who are they?
Who are they, they are the people that study the environment, the universe, the galaxies.
Everything.
What would a scientist look like?
I don’t know. I always imagined one tall, with a white lab coat, and just examining the
environment.
What’s a characteristic a person would need to be a good scientist?
Someone who really loves science, and really loves what they are doing. That is what I say a
characteristic would be.
Do you like science?
Not really.
What is something that you don’t like?
World history, science, oh you mean classes, or science itself? Some like chemistry mostly
because you know, I really don’t what they deal for enzymes and elements ya know, that’s
probably the main reason
Do you use science in your everyday life?
No.
What is astronomy?
Astronomy is the study of the galaxies that is what I have learned so far.
What is a star?
A star, I really don’t know.
What is a variable star?
It’s a star that over the time you study and see if it has progressed or not over the years.
What do you mean by progressed?
Progressed, that is if its gotten bigger or smaller.
What do you mean by bigger or smaller?
In size. Depeneds on if it grown bigger or smaller, or has it stayed the same.
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What is magnitude?
Magnitude probably where it is located, where the star is located.
How does technology help us study astronomy?
Hmmm well since it is advancing rapidly we are able to see stars that we could see back in the
days. We learned from the stars more easily through technology.
Can you describe a star’s life cycle?
No not really
Does the night sky change?
I would say probably, say, over time. No always stays the same.
If we went outside tonight and looked at the sky, what would be something you could see
besides the moon?
You would probably see some stars. More than 1. and probably see a speck of the planets, I
don’t know.
Is there any constellations that you could see?
Not really
Okay we are going to look at #4, #4 has four stars labeled, A, B, C, D. And using things we
have used in class can you describe anything about those four stars?
Well, it shows what I have learned so far, that as the time changed, the sky and the stars also do.
The star grew bigger and then it went back to small and then up again. It grew up again.
If I gave you two magnitude numbers, I if gave you the magnitude number of 3 and the
magnitude number of 7, what star in the picture, A, B, C, or D would represent 3 and which
one would represent 7?
3 would represent C and 7 would represent B
We are now going to look at question number 7, 7 has two pictures of the night sky, showing
the same region. Can you describe to me any changes you see?
The, I would say the bright star on the center of the solar system, one of the stars grew bigger
over time during a period of 6 months or 7. That’s what I say.
Which one is closer to you, night 1 or night 2?
Night 2
How do you know?
Probably because it’s looks bigger in size and it makes look closer to the naked eye.
So if we are studying some variable stars and we are going to use the program Mira that we
have been using, and I gave you an image folder of all the images in 2006, what would we
have to do get those images ready so that we could analyze them?
pass
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What is science?
Discovering the earth
Who are scientists?
People who help discover what is on earth and other planets
What would a scientist look like?
It would be a person that has a white long jacket on.
Will you use science in your everyday life outside of school?
Sometimes
Can you think of a specific way?
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When you see like something on the road and you don’t know what it is then you can investigate
what it is, and in order to investigate it you use like science to discover what it is.
Do you like science?
Sometimes
Can you think of something you like?
I like to dissect animals or insects.
Can you think of something that you do not like?
Umm…well we did the systems, the ecosystems.
What is astronomy?
Discovery of the stars.
What’s a star?
A shiny light
Can you describe a star’s life cycle?
Umm..it changes over time.
What’s a variable star?
Umm…it’s a star that changes in the brightness over time.
What is magnitude?
The size of it.
How do we use technology to help us study astronomy?
By, seeing the stars closer.
If I gave you three magnitude numbers, if I gave you 1, 5, and 7, which one represents the
brightest star?
The one
Does the night sky change?
I am not sure
If we went outside tonight what would be some things we could see in the sky?
The stars, the moon, some of the planets
We are going to look at question number 4, question number four has four stars labeled, A,
B, C, and D. Could you describe to me those four stars?
They change over time, to different locations, go from biggest to smallest.
What does big mean?
Larger
what does it mean in terms of a star? Like if I asked to compare star B and D what could
you tell me besides one is bigger.
You can hardly see one star
If I give you two magnitude numbers again, If I give you the magnitude number of 3 and
the magnitude number 12. which star could represent 3 and which star could represent 12?
B can represent 3 and D 12.
We are going to look at another question, we are going to look at question number 7,
question number 7 has two pictures of the night sky, that are the same, at two different time
frames. So are the pictures the same or are they different?
They are different
Can you tell me how they are different?
Some of the stars are gotten larger than others from one night to the next night. They, ones are
larger than other ones.
Can you show me some of those stars?
This one here and that one.
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Okay, that is RR Aql which is variable star. If I give you two magnitude number again, if I
give you the magnitude number 5 and the magnitude number 3, which night represents 5
and which night represents 3 for RR Aql.?
Umm..5 would be this one so night 2 would be 5 and night 1 would be 12 okay 3 and 5 are the
numbers. Night 2 would be 5 and night one would be 3
If we went to the computer lab and I had a new folder on there called 2006, what would be
some things we would have to do to those images to get them ready to study?
Delete the blurry images. Like go through all the images that are there and delete the ones that
are no good. The ones that are really blurry.
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What is science?
Again? I think science is like the studying like earth stuff. Like living things and things like…
Who does science?
Everyone does.
How so?
Well like people could study like plants and animals and things like that.
When you leave school today will you use science?
Probably, yes
Can you think of a way?
Umm…no I can’t
Do you drive?
Yes
Can you describe how driving could be considered? Or anything about your car?
Can be considered science? Well like how the car works, the engine and all that stuff could be
science.
What about your hair gel?
Yeah it has alcohol.
What would a scientist look like?
A scientist would look like a normal person.
What would a characteristic a person would need to be a good scientist?
They would need to speak very well.
Why would they need to speak very well?
Because you sound smarter.
What is astronomy?
Astronomy is…to study space. Things in space
What is a star?
A star is a bright ball of gas. I don’t know. Burning.
Can you describe a star’s life cycle?
All I know is that they explode or something and they are like heat and pressure makes up another
star and blows up and makes a new pretty much.
What is a variable star?
A variable star is a star that changes over a time and mass and brightness.
What does magnitude have to do with a variable star?
Magnitude, isn’t that the brightness of the star or how big it is? I don’t know.
Is it how big the star is or how bright the star is?
I think it is how big the star is, I am not sure.
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Does the night sky change?
Yeah, well, it doesn’t change, it’s just that we’re rotating and it makes it look like it changed. But
like the stars get brighter, yeah.
If we went outside tonight and looked at the sky what are some things we could see besides
the moon?
Stars, big stars, satellites.
Do you know any specific stars or specific objects?
No
Let’s look at number four, so there are four stars labeled, A, B, C, and D. Using what we
have learned in class, can you tell me about the picture or describe those stars.
B is probably the variable star.
Which star is the dimmest? D
Which star is the brightest? B
Which star would be represented by the magnitude 12? D
And which star would be represented by the magnitude number of 3? B
Why did you choose B and D?
Because it is the biggest and the smallest.
We are going to look at number 7, and you have drawn an arrow to RR Aql, I would like to
explain to me how you marked RR Aql and why?
Because it gets, well, the night of January looks smaller than August where it is bigger.
So if we were to stand outside looking at a variable star. Could see if it was bigger?
I don’t know, probably.
Which night represents, the change of magnitude was from a 3 to 5, which one represents a
magnitude of 5?
Night number 2 August.,
And which one represents a magnitude of 3?
Night one.
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What is science?
Hmm..science is ahh the study of everything that revolves around life.
Who does science?
Scientist. Who are they? They are people who study science.
What’s a characteristic a person would need to be a good scientist?
A characteristic? Just them wanting to know more about everything that goes around the world.
What would a scientist look like?
A big lab coat.
Do you use science in your everyday life outside of school?
Yeah, probably.
Can you think of a way?
Not right now, but I am sure that everyone uses it some point during the day.
What is astronomy?
Astronomy is the study of earth and our space and the galaxy and everything.
What is a star?
A star is a bright light in the sky.
Can you describe a star’s life cycle?
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Well, it starts our from being kinda bright. Gets brighter, as its like it gets um less brighter then it
comes back brighter and
What is a variable star?
I don’t know.
What’s magnitude?
I don’t’ know.
Does the night sky change?
The night sky? yeah, stars appear and disappear.
If we went outside tonight what would be some things that we could see?
Something that we could see? The moon and stars.
Do you know what phase the moon is in?
No
We are going to look at question number four, question number four has four stars labeled.
Can you describe to me those four stars? You can compare them, you can list them.
Those four stars? Well, it’s like, B is the brightest. Then A is the second brightest, D is lower
than that and C is the less brightest.
Which one is closest to us?
To us? Ahh…
How come you don’t know?
Because I don’t know where earth is, or I don’t know. Closest to us. Maybe the brightest one
because. I don’t know.
If I give you two magnitude numbers, if I give you the magnitude of 5 and the magnitude of
12. Which star could represent those numbers?
I don’t know.
We are gonna look at one more question. Question number 7. Question number 7 has two
pictures of the same part of the night sky at different times. The questions are: are they the
same or different, and if they are different how are they different.
Hm…they are different because certain stars might gain brightness or loss brightness.
Can you show me a star or stars that get bright?
Example this one, but on this one is much more brighter than this.
You are pointing at RR Aql. If I give you two magnitude numbers, I give you magnitude 5
and magnitude 3, which night is RR Aql a magnitude of 5?
I don’t know.
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What is science?
Everything.
Like what?
Everything.
Give me a scientist thing.
The sky.
Who does science?
Scientists
And who are they?
People that study it.
What does a scientist look like?
Like a regular person.
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What is a characteristic a person would need to be a good scientist?
Umm..just to have the interest.
How so?
Just to be…to be attracted this stuff.
Do you use science in your everyday life?
Yes,
Can you give me an example? Besides school.
Hmm..just breathing in general
Do you like science?
Yes,
Can you give me an example of something that you like?
When, in science, I like the whole lab work, mixing things.
What is something that you don’t’ like about science?
Hmm…it would have to be cutting open a rat. That was gross.
What is astronomy?
The study of the stars.
What is star?
A variable star. A star is a ball of gas.
Can you describe a star’s life cycle?
Ahh, gahh, what are these things. It starts out like a ball, and then it explodes, and then like these
other little stars come out, I don’t something with the video that we watched.
What is variable star?
One that changes, it gets brighter and dimmer, brighter and dimmer.
What is magnitude?
I don’t’ know.
How can we use technology to help us student astronomy?
Umm by able to focus more on the stars. Than just the naked eye.
Does the night sky change?
Yes, it does.
Can you give me an example of how it changes?
Well…the earth rotates so the stars move by season and different stars are in different places.
If we went outside tonight, what would be something we could see beside the moon?
Umm… a whole little cluster of stars.
We are going to look a question number four. Question number four has four stars labeled,
A, B, C, and D. and using what we have be studying in class, can you describe those four
stars to me?
No, the variable star, B
How do you know that it is a variable star?
Cause it is the brightest one.
If I gave you a magnitude number of five and a magnitude number of ten, can you tell me
which star would represent 5 and which would represent 10.
It’s backwards huh? OH, you can’t answer that. The brighter would be the one that is 5 and the
dimmer one, like C I think would be 10.
And which one is the bright one?
B
Which one is closest to us?
B
How do you know?
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I don’t know.
We are going to look at question number 7. Question number 7 has two pictures of the
night sky. One in January, one in August. Can you describe to me any difference you see in
those two pictures?
Stars got brighter?
Which one or ones?
Umm that one…and that one changed a little bit, that is all I can see.
If on the computer if I had a folder than had images from 2006, what would you have to do
to get them ready for us to be able to study them?
You would have put in the dates, all the Galeioan dates. And then go through each little picture
and take out the bad ones. That’s all
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What is science?
Science is the learning of different things.
Like what kind of things?
Umm having to do with the whole world and what makes us up and what makes up the world.
Who are scientists?
Scientist figure out what those things are and how the work.
What does a scientist look like?
A scientist could like anything. Any person is a scientist depending on what they do.
Do you like science?
No, sorry.
What is something that you like?
I like learning about the past, like what makes people and what past things has brought to what
we are now.
What is something that you don’t like?
It takes a long time to figure out these things.
What is a good characteristic that somebody would need to have to be a good scientist?
Intelligent, curios, basically curious.
Why do you think curious?
Because everything starts out with curiosity and you know once your are curious makes you want
to learn more about the thing that you are curious about. So when you are interested and you are
curious you try your best to figure out what it is .
Do you use science in your everyday life?
Yeah,
How so?
Um, basically like trial and error the people, and tests, hypothesis of what people might say or
what I might do later on. Basically
What is astronomy?
Astronomy has to do with the sky, the stars and the universe.
What is a star?
A star is a ball of gas, so its ahh…just a ball of gas, heated gas.
Can you describe a star’s life cycle?
It starts off with just a bunch of dust piling up together, and then it starts spinning, and spinning
and the center heats up and the outsides turns to gas, and the center is just heat, like hot from the
sun.
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What is a variable star?
Variable star is a star that is sky and changes from time to time, you observe it and what it
change.
How does it change?
It gets brighter, or hotter, making it brighter or less, not less hot, but not as hot, it is dimmer. Or
it moves position
What is magnitude?
I don’t know that one
How can we use technology to help us study astronomy?
Ahh, we have been using it for a long time. With ahh learning about the stars and everything.
So, basically it is more newer technology can help us learn more about what is more out, what is
deeper in space.
Does the night sky change?
Depending on the way the earth rotates yeah.
If we went outside tonight, what is something we could see besides the moon?
The stars, most likely a planet, like if you have telescope. Ahh. If you are lucky a meteor or a
comet.
Do you know what phase the moon is in now?
I haven’t had a chance to see.
We are going to look question number four, question number four has four stars labeled, A,
B, C, and D. and using what we learned in class studying variable stars, can you describe to
me those stars?
Can I describe them? Well, there one…ahh…there is one really big one which looks bright.
Which one is that? Ah B. and then A would be second biggest, C the third and then D is barely
noticeable cause it really dim, or maybe it is just father away.
If I gave you the magnitude number of 3 and the magnitude number of 5, which two stars
could that represent?
5 could be the highest and 3 could be the 3 highest or the third brightest.
So you mean A star,
B, could be? A 5, or possible more, it could be more than 5 because it is bright, bigger.
So what would a star who was brighter than B, what would the number be?
Brighter that B it would be a 7 or 8.
Okay, which star…we are going to look at question number 7 now. Question, and I am
saying this for the tape recording. Question number 7 has two pictures of the same part of
the night sky, one in January and one in August. Can you describe to me any changes that
you see?
Ahh some stars got brighter. Which one? That one right there, part of the three of the triangle,
right here they are all the same basically and right here it look like it got brighter or maybe it
doubled up with another one making it look brighter. And umm..that is about it, most of them are
still the same. Some new stars right there that were not there before or maybe they just dimmed
out so we couldn’t see them.
Okay, if on computers I had a folder labeled 2006, in which I put all the pictures of the
night sky I had for 2006 in there, what are some things you would have to do get it ready so
that we could analyze it?
Ahh, you use Mira to get, to get the Julian dates and too make it, basically put it in number so we
could see when they were there, and how bright they were and what position they were.
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What is science?
Science is the study of the everything.
Can you give me a specific example?
Earth, stars, stars, space.
Do you like science?
Yes
What is something you like?
The study of rocks
What is something you don’t like?
The study of stars.
What does a scientist look like?
A nerd like you
So can you describe what a nerd looks like?
Like you, glasses
Who does science?
Persons, you and Mr. Kaigler.
Who else?
I don’t know, Pass.
Do you use science outside of school?
Umm no
What is astronomy?
The study of stars
What’s a star?
Sun
Can you describe a star’s life cycle?
Pass
What is a variable star?
It’s umm…I don’t know miss
What’s magnitude?
When something is going like pressure
If I give you three magnitude numbers, 1, 3, and 5, which star would be the brightest?
5, I don’t know. 1. so is it 1 or 5 1
Does our night sky change? Does the night sky change?
No
If we went outside tonight what would something we could see?
Planets, stars
How does technology help us study astronomy?
Well, we can get like closer views to plants, star
Okay, we are going to look at question number 4, question number 4 has four stars labeled,
Can you describe for me those four stars?
No, well, like, just describe them? Yes well like C is farther away than the rest of them. B is the
bigger on. What do you mean by big? The brightest and it is probably closer.
If I give you two magnitude number, if I give you 5 and 12, what two stars, what star would
be 5 and what star would be 12?
C 5 and B12
Now we are going to look at question number 7, question number 7 has the same picture of
the night sky at two different times. Can you describe to me any differences that you see?
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Ahh…duh….that star changed it brightness. Which star? Them okay so RR Aql.
If I give you two magnitude number again, I give you 3 and 5, which night represents 3 for
RR Aql and which one represent 5 for RR Aql.
3 August and 5 January.
Now if on the computer I had a file labeled 2006, and it had all the images from 2006 in it,
what would you have to do to get those ready for us?
Go to file, open images, highlight them all, and press open, and that is it.
Are you sure?
Then press the, I don’t know.
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What is science?
Ah the study of life, like yeah.
Who does science?
Hmm…scientist. And who are scientists?
Ahh…people that study anything I guess.
What would a scientist look like?
Hmm…I don’t know. There is a lot of different scientist like Mr. Kaigler.
What would be a good characteristic a person would need to be a good scientist?
Smart. Why smart? Because they have to do a lot of thinking. And yeah
Will you use science in your everyday life, outside of school?
I think I do, yeah. Could you give me an example? Hmm..like pencils, I think yeah.
What is astronomy?
The study of the universe.
What is a star?
A gas, I think.
Can you describe a life cycle of a star?
Hmm…I have the idea but I don’t know how to say it.
What’s a variable star?
A changing star. How does it change? hmmm brightness.
What is magnitude?
Magnitude…isn’t that the measure of, ah what was it, the brightness.
Does the night sky change?
Like what do you mean?
Life if we went out tonight and looked at it, and then we went out looked out at it 3 months
later, would it be the same?
I don’t think it would, I think it changed. How? Like stars would be positioned different or it
could be cloudy or too much light.
What would be some things we could see if we went outside tonight.
The moon. Anything else? Planets, yeah.
How can we use technology to help us study astronomy?
Umm.. telescopes to look farther, or to see stars bigger, or something.
We are going to look at question number four, question number four has four stars labeled.
My question to you is, can you describe those four stars?
Umm..that one is the farthest away right? D? yeah. D. and that one is the closest.
How do you know?
Cause of the brightness.
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If I give you tow magnitude numbers, if I gave you the magnitude of 12 and the magnitude
of 5, which stars would represent 5 and 12 of those labeled?
This one would be 5 and that one would 12.
So D would be 5 and B would 12.
Yeah
We are going to look at question number 7, question number 7 has two pictures of the same
piece of the night sky, at different times. The question is: are they the same or are the
different. If they are different, how are they different?
They are different because this one is much brighter than the one over here.
That represents RR Aql. Okay, if I give you two magnitude numbers again, magnitude 5,
and magnitude 3, which night would represent 5 and which one 3?
Hmmm night one would be 5 and night two 3.
If we went to the computer lab and I put a new folder on there of images from 2006, what
are some things that we would have to do to those images to get them ready to study?
Ahh..delete the images that are like all messed up…umm what was that other one. The one were
you put the little circles around the stars and see if they are all aligned and that they don’t move.
And then, umm…what was the next step. I forgot.
Bold =Researcher

POST

Regular Font= student RRB324

What is science?
Umm.. The study of natural things, I don’t know.
Do you like science?
Yeah
What is something you like about science?
The solar system
What is something you don’t like about science?
I don’t know. I like it. I like a lot of stuff.
Who does science?
Scientists
Who are they?
I don’t know
What would a scientist look like?
?
What is a characteristic a person would need to be a good scientists?
To be smart.
Why is that important?
Cause you gotta remember a lot of stuff.
What is astronomy?
Pass
What is a star?
I don’t know
What is a variable star?
?
What’s magnitude?
?
How do we use technology to study astronomy?
Like kinda, like any kind. Like telescopes and everything.
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Does the night sky change?
Umm yeah
How so?
By their, their bright, they got the moon and the stars
If we went outside tonight what would be some things we could see in the sky?
Stars and moon
We are going to look at question number four, question number four has 4 stars labeled, A,
B, C, and D. Can you describe for me those four stars?
Like, which one, like how big they are? How ever you want to describe them. A is medium B
is big, C is small and D is even smaller.
What is the difference between being big and being small. What does that represent? A
stars….
Brightness
If I give you two numbers, If I give you the magnitude of 3 and the magnitude of 12, what
two stars could represent those two numbers?
Umm…3 is B and 12 is D
Which star is the closest to us?
The sun.
What about the stars in the picture?
Do you mean brighter?
Closest
B
How do you know?
I was just guessing.
Now we are going to look at question number 7, question number of 7 has two pictures of
the night, the same part of the night sky at two different times, can you describe to me if
they are different or are they the same?
They are different in how the stars are located.
Okay if we don’t look at where stars are located are there any other changes?
The brightness of them
Which ones?
I don’t know
Can you point to one or two that changed.
This one and that one.
So that’s RR Aql. If I give you two magnitude numbers again. If I give you the magnitude
of 3 and the magnitude of 5, which one would represent which night?
3 and 5 very good.
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What is science?
I don’t know, they study of stuff in the world, in the earth.
What does a scientist look like?
Hmm…I don’t think that there is a particular one.
Who does science?
Who ever is interested in it.
What’s a characteristic a person would need to be a good scientist?
They have to know, I don’t know. About the earth.
Will you use science in your everyday life?
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Hmm sometimes.
What is astronomy?
I don’t know. The study of the sky or stars or something like that.
What is a star?
Isn’t it gas.
Can you describe a star’s life cycle?
No,
What is a variable star?
A star that changes
Changes how?
In magnitude and something else.
What is magnitude?
When it changes in brightness.
How do we use technology to help us study astronomy?
I don’t know, maybe with computers.
Does the night sky change?
Yes,
How so?
I don’t know.
If we went outside tonight, what would be something that we could see?
The moon.
Anything else?
the stars.
We are going to look at question number four, question number four has four stars labeled.
Can you describe to me those four stars?
These? Umhum..umm..they are bright.
Which ones are bright?
This one and this one
So B and A. If I gave you two magnitude number, if I gave you a magnitude of 5 and a
magnitude of 12, which star could represent each of those numbers.
Hmm this one is probably 5,
So B is 12 and A is 5. which one is closest to us?
All of them. This one.
How do you know?
I don’t know, just cause it looks bigger.
Okay, we are going to look at question number 7, question number 7 has two pictures of the
night sky, the same part of the night sky, and are the pictures the same, different, and if
they are different, how are they different?
They change on this star.
Okay that is RR Aql.
And this one.
If we look at RR Aql and I give you two magnitude numbers again, If I give you five and
three, which night represents 5 and which one for 3 for RR Aql?
For these two? Yes.. 5 and 3, no, I think this one is 5..
So night one is 5 and night two is three?
Yes
If we went to the computer lab and I put a new folder on there of all the images from 2006,
what are some things we would have to do to get it ready to analyze?
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I don’t know.
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What is science?
It is the study of the earth and the ???
The earth and the planets?
Yeah, and the stars I guess.
Who does science?
Everyone
What does a scientist look like?
Hmm…
What is characteristic a person would need to be a good scientist?
To be smart and know a lot, they know the basic things about science.
Do you use science in your everyday life?
Yes,
How so, outside of school?
If I do? Umm…I don’t know if…if we see our planet and we like walk on our planet.
Do you like science?
No
What is something that you just don’t like at all?
It doesn’t interest me
What is astronomy?
The study of the..the..the study of the stars I think…the variety of the stars.
What is a star?
Umm…
What is a variable star?
I guess the, I can’t think explain.
What is magntide?
It is how the stars, how separate they are…or the brighter they are.
How do we use technology to help us study astronomy?
I don’t know, cause I don’t like science.
Does the night sky change?
Yes.
How so?
Well, because it moving right, it’s, I don’t know. I think
If we went outside tonight what would something we could see?
Stars. And light.
Okay, we are going to look a question number four. Question number four has four stars
labeled, A, B, C, and D. Can you describe to me those four stars?
Umm…the bigger is the brighter star right? And the, they umm, umm. This was is a star that…
Which one is the farthest away from us?
Farthest…umm….B
If I gave you the magnitude number of 5 and 12, which star would represent five and which
star would represent 12?
Umm…this is 12 and this
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So B is 12? Yes, and which one is five? Okay, we are going to look at question number 7.
Question number 7 has two pictures of the night sky, one in January and one in August,
and it is of the same section of the sky. Can you describe any differences that you see?
There are more shining stars here than there.
So night one?
Yeah, because there are more stars. They are more shiny.
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What is science?
Well, to me, I think science is the study of many chemicals and different stuff, like it could be
like chemistry, or like making minerals or the stars and all that.
Who does science?
Scientist. And who are they? People that study for science.
What would a scientist look like?
Being in a lab with testing materials and white suits.
What’s a characteristics a person would need to be a good scientist?
A characteristic, I think they would have..they need lots of patience because of doing the
experiments and waiting to do, having patience for stuff..results and everything.
Do you like science?
I like doing experiments but like chemicals and all that.
What is something that you don’t like?
Something I don’t like would be something that you waste a lot time and you don’t get like good
results that you were looking for.
Do you use science in your everyday life?
Just thinking of science, so.
What is astronomy?
Ahh, they study of stars.
What is a star?
A star is created by heat and it is like a rock with heat.
Can you describe a star’s life cycle?
No
What is variable star?
A variable is a star that is changing. From like brightest to darkest.
What is magnitude?
I am not sure about that one I think that the magnitude is like the difference in the stars, how big
it gets, I am not sure.
How can we use technology to help us study astronomy?
Technology? Well, like in, getting better rockets that can go up farther and study things from up
there because I don’t think like the telescopes work now, now more, I know that make a big
telescope, but I think it is better if we build a rocket that studies them from up there.
Does the night sky change?
The night sky? Yeah. How so? Well it depends, different, like the stars change around and it
depends on the weather too like how it is.
How do the stars change here?
I am not sure, but because of all the spinning\
If we went outside tonight could you describe something we could see in the sky besides the
moon?

295
Besides the moon? The stars.
Do you know what phase the moon is in?
What phase. The phase of the moon, do you know what phase it is at? No
Okay, we are going to look a question number 4, question number four has four stars
labeled. Can you describe to me those four stars? You can describe one by one, or
together…
I am not sure, pass.
We are going to look a question number seven. Question number seven has two pictures of
the night sky, the same section, one in January and one in August. Can you describe to me
any differences you see in the two pictures?
Well, this one has January there are more stars than in August but in August there are some stars
that are brighter than the ones in January.
Can you show me that one that was brighter?
This one and this one right here.
If I give you two magnitude numbers, the magnitude number of three and the magnitude
number of five, which night would represent the star that you showed me, RR Aql, as 1 or
5.
I forgot that. I remember you taught us that, but I forgot. Is it three. Which one. Night two is
three, and so what would that make night one? Five
So if I gave you on the computer a folder of images, all from 2006, what are some things you
would need to do to get them ready so that we could look at them?
Like images in the table. Just like the ones you have been using in the project. You would
clear out the bad images, and then like, locate the stars, so that you could show them, so if one
star is right here, try to locate the same star so you are seeing in the same place.
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What is science?
Ahh…it’s the study of earth and everything else.
Do you like science?
No
What is something you don’t like?
A lot of things.
Can you give me a specific example.
I just think it is hard
Who does science?
Scientists
Who are they?
People who study science
What would a scientist look like?
Umm…they would have a white thingy, cape, maybe glasses and maybe they would be bald, and
very very smart.
What is a characteristic a person would need to have to be a good scientists?
A characteristic. They would have to be smart.
That could be one, why would that be important?
Cause if he is stupid then nothing will work.
Do you use astronomy in your everyday life outside of school?
Not everyday, but yeah
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Can you give me an example.
Well, when I go outside at night and I look at the stars, I think they are pretty. Like once I saw a
meteor shower thingyies outside my house with my daddy and my mommy and my sister.
What is astronomy?
The study of uhhh like the solar system.
What is a star?
A gas.
Can you describe a star’s life cycle?
Ahh I don’t know
What is a variable star?
A star that changes its brightness, something, yeah
What is magnitude?
Ahh like a magnet thing
If I gave you three numbers, magnitude number 1,3 and 5, which number would represent
the brightest star?
1
How can we use technology to help us study astronomy?
I don’t know there are lots of ways. I don’t know.
Does the night sky change?
Like every night?
Well, like now and 6 months from now.
I think so.
How do you think so?
No it doesn’t, I don’t think it does.
If we went outside tonight what would be something we could see?
Stars, moon, and that’s it
We are going to look at question number 4, question number 4 has four stars labeled. Can
you describe to me anything about those stars or that picture or…
Some are big and some are small.
What does that correlate to?
They are variable stars
Okay, If a star is big and a star is small what else can you say about a big star and a small
star?
I don’t know
If I give you two magnitude numbers again. If I give you 5 and 12, which star would
represent 5 and which would represent 12.
5 would represent the small one.
Okay which of the four would be 5 and which of the four would be 12?
C would be 5 and then 12 would be B.
Which one would be 5?
Oh know what, 5 would be D
Okay. Which star is closest to us?
From these, umm B
How do you know?
Because it is bigger.
We are going to look at another question, question number 7 has two pictures of the night
sky, same part of the night sky at different times, are they the same or are they different?
Different
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How are they different besides the stars shifting a little bit.
Like that one is darker and then it is not dark right there, okay that’s it.
Okay you have indicated RR Aql, if I give you two magnitude number again, 3, and 5,
which night represents RR Aql being a 3 and which is 5
3 would be this one and 5 would be this one.
Okay so night 2 would be 3 and night one would be 5. if I put up on the computers in the
computer lab I gave you guys a folder images all from 2006, what are some things you
would have to do get it ready to analyze.
Like when we do it, like when we go to the computer lab? I get the folder and I read the
instructions.
Can you remember anything that you did to the images?
Go to image set, and then we open it, and then we click, we get some stars like we chose them,
and we find out something about them and if they move or if they get bigger or smaller or how
they change.
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What is science?
Science, the study of life and the environment I think.
Do you like science?
No, I don’t like it
What is something that you definitely don’t like?
The study of the environment, the ecosystems and that kind of stuff.
Who does science?
Scientists
Who are they?
Name? Peoples who study there, the ecosystem and all that
What does a scientist look like?
Like a smart person
What is a characteristic that someone would need to be a good scientists?
Being intelligent, that’s it, I think so
Will you use science in your everyday life outside of school?
I don’t think so.
What is astronomy?
The study of stars and the planets
What is a star?
Sun, I don’t know
What is a variable star?
Stars that change over time.
How do they change?
Brightness and like magnitude.
Then what is magnitude?
Then the how bright is the star.
If I give you three numbers, 1, 3, and 5, which star would be the brightest?
1
Can you describe a star’s life cycle?
Yeah, the star gets brighter and brighter and then it gets like supernovae and then it disappears.
How do we use technology to help us study astronomy?
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The scientist use telescopes and things like that.
Does the night sky change?
No
If we went outside tonight and it was dark and it was like 10’clock what would something be
that we could see?
Stars, comets.
So we are going to look at question number 4, question number 4 has four stars labeled, A,
B, C, and D. Could you describe for me those four stars?
Star C is the less brightest star and B is the star that is bright the most.
Which star is closest to us?
B
How do you know?
It is brighter, it is bigger.
If I give you two numbers, the number 5 and the number 12, what two stars would
represent those two numbers?
Umm B is gonna represent 5 and C 12
Now we are going to look at question number 7, question number 7 has two pictures of the
night sky at two different times. Can you describe to me any changes you can see?
One star is brighter. This one. It gets brighter.
If I gave you two numbers again, if I give you let’s say 5 and 7, which night would represent
those two numbers?
Night number 2 is going to represent number 1
If on the computers I gave you guys all the pictures for 2006, so there would be a folder on
the computer for you guys, what would you have to do to those images to get them ready for
us to study?
Like to have to, to….
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What is science?
Everything is science.
How so?
Well, I don’t’ really know, but everything is science. You can relate everything to science.
Who does science?
Everybody can do science.
What is characteristic a person would need to be a good scientist?
Good study habits, someone who can concentrate very well, and probably just someone who
would just likes to study. Cause you have to study, that is general you have to study.
Do you like science?
Yes,
What is something you really like about science?
Well, like some subjects, like astronomy and anatomy, I like those.
What is something that you don’t’ like about science?
Sometimes it can get kinda of boring after awhile.
Do you use science in your everyday life outside of school?
I do, I don’t know about anybody else.
How do you?
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Well, I look at the stars and I like to ahh, garden and all that, so you have to learn about chemistry
and all that and the right balance of nutrients and that stuff..
What is astronomy?
The study of stars, looking at stars.
What is a star?
A star can be either be a planet or a sun that puts off light.
Can you describe a star’s life cycle?
Umm I can see but I don’t know how to describe it. I can see it…to bad I just couldn’t put it out.
What is a variable star?
A star that gets bright and dim through all time.
What is magnitude?
The brightness of a star.
How would we use technology to help us study astronomy?
Well, we used the program Mira, and we used telescope and ahh, we use our own eyes and
computers.
Does our night sky change?
Yeah,
How so?
Because when we revolve we see different stars. And we rotate and obvious in the day you can
see them.
If we went outside tonight what would be some things we could see in the night sky.
Well, right now it is a full moon. I can see that. I had to put my curtain down because it was all I
could see, and then ummm.. I really don’t know a lot of the names of stars. I recognize them, I
just don’t know their names.
So, you recognize the constellations?
Yeah, I just don’t’ know their names.
If I gave you three magnitudes numbers 1, 3, and 5. Which one represents the dimmest
stars?
5
We are going to look at question number four, question number has four stars labeled, A,
B, C, and D. Could you describe those four stars for me?
B is the brightest, and then, is this one B, If B is the brightest then A, Then C and D.
Which one is closest to us ?
I don’t know
I have I gave you the magnitude number of 5 and 12, which star could represent 5 and
which star could represent 12?
Umm, I would say probably this one, A 5 and D 12.
We are going to look at question number 7, question number 7 has two pictures of the night
sky taken at different times with different portions of the sky, are they the same or are they
different? If they are different, how are they different?
They are different because these two star are…this one is dimmer and this one is brighter.
And…you can’t see these stars. These stars are gone….these stars are a little brighter than these.
So this star is RR Aql. I am going to give you two magnitude numbers again, I am going to
give you magnitude number 5 and magnitude number 3. Which night would represent 5
and which 3?
Night two would be 5 or, night two would be 3 and night one would be 5.
If we went to the computer lab and I had a new folder of images up there called 2006, what
are some things you would to do to them to get them ready to study?
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First you would have to find two…I don’t know their name, but they are accompany stars, you,
and you label those, you mark them. You find your variable and then your track them. Then you
have to make sure they are the same, as I know, then you try going through data and can put them
into graph or keep them as they are.
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What is science?
Science is the study of the life.
Do you like science?
Yeah
What is something that you like about science?
The life
What is something you don’t like?
I don’t know
Who does science?
Pass
What does a scientist look like?
Like, can you repeat? What would a scientist look like? Anyone. Let’s see, if I asked you to
draw a picture of a scientist what would you draw? Stars, king, if I, if we went somewhere
and we were in a room full of people, how would you know which one was a scientist? He
would be very smart. What would they look like? Einstein. And what is that? Clothes white,
and his hair, like spinning
What is a characteristic that someone would need to be a good scientist?
Smart, I don’t know.
Why is smart important?
Because you would learn more fast.
What is astronomy?
The study of the star
What is a star?
It’s a gas
Can you describe a star’s life cycle?
No
What is a variable star?
Ahh when the star is big and then it is small.
What does big and small relate to?
?
What is magnitude?
When a big planet attracts a small planet
How do we use technology to help us study astronomy?
You can find another planets and more stars and galaxies
Does the night sky change?
Yeah
How so?
More bigger.
Umm what would we see tonight if we went outside?
?
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We are going to look at question number four, there are four stars labeled, can you describe
to me anything about those stars?
Umm they are by the older star. And are different. And
If I gave you the magnitude number of 5 and the magnitude number of 12, which star
would be 5 and which star would be 12?
I don’t know.
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What is science?
Wow, isn’t it the study of organisms and all that stuff.
What does science mean to you?
I don’t know
Do you like science?
It is interesting.
What is something you like about science?
Umm experiments.
What is something you don’t like about science?
I don’t know, I don’t think there is anything I dislike about it.
Who does science?
Anybody
What does a scientist look like?
I don’t know, it’s a human being.
What is a characteristic a person would need to be a good scientist?
I don’t know
What is astronomy?
The study of the solar system
What is a star?
That I don’t know.
How do we use magnitude to describe a variable star?
I don’t remember that
Does the night sky change?
Yeah
How so?
I don’t know. It changes.
If we went outside tonight what are some things that we could see besides the moon?
A lot of stars, I don’t know. Maybe a planet.
Can you name any stars or planets specifically that we could see?
No
Okay we are going to look at question 4, you wrote A and B are the brightest and C and D
you can barely see. I am going to ask you to elaborate on your answer, so describe those
four stars in relationship to each other. Can you elaborate that A was brighter and C was
dimmer.
Because of the magnitude.
Which star is closer to earth?
Wouldn’t it be B?
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How would you know?
I wouldn’t know, I just took a guess.
If I gave you a magnitude of 12 which star do you think represents that magnitude?
C
Okay, if I gave you the magnitude, in relation to C being 12, the magnitude of 4, which star
would represent a 4.
I don’t know maybe A
So now let’s look at number 7, and number 7 has two pictures of the same part of the night
sky several months apart from each other. The question for you is, do you see any changes,
and if so what are they.
Yeah, this star right here got brighter on this picture.
What would we call that star?
A variable star.
So if I give you relative magnitude again, I am going to give you two numbers, I want you to
assign those two numbers to RR Aql. Let me give you the number 3, and 5.
I have to put them on each one. I would say that would be 3.
Can you describe me the relationship of the magnitude number and bright or dim?
No.
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What is science?
Science is the study of like earth and planets.
Who does science?
Well, the teach, everybody. I think everybody does science.
Do you do science in your everyday life outside of school?
Yeah, I think I do.
Can you think of some ways that you do?
I don’t know
What does a scientist look like?
Well, like he probably looks like smart, like a gentlemen, like a person.
What’s a characteristic a person would need to be a good scientist?
Smart.
Why smart?
Cause, well, he is scientist. He should know what he is doing.
What is astronomy?
The study of the stars and the planets, and well the universe.
What is a star?
A planet.
Can you describe a star’s life cycle?
Umm pass.
What is variable star?
I am not sure, pass.
What’s magnitude?
I don’t know.
Does the night sky change?
Umm..yes
How so?
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Ahh, the stars, like I think they change.
If we went outside tonight, what would be something that we could see?
Well, the stars and the moon.
Do you know what phase that the moon is in?
Nope.
We are going to look at two questions, the first is question number four, which has four
stars labeled. Can you describe to me those four stars?
Are those the variable stars. That is the question.
I don’t know.
If I gave you two magnitude numbers, I a give you the magnitude 12 and the magnitude of
5, which star would be 12 and which would be 5?
This would be 12, B. And D would be 5.
We are going to look at question number 7, Question number 7 has two pictures of the night
sky, the same part, but at different times. The question is: is it the same or is it different.
If it is different how is it different?
I think that it is different because some stars look bigger and like there are more stars there than
in there.
Can you show me a star that looks bigger?
This one right here.
What does it mean for a star to get bigger.
I don’t know.
If I give you two magnitude numbers again, and I give you 3 and 5. Which night would that
star, RR Aql, be a 5 and which would it be 3?
This one would be a 9,? 5 and 3. 5, so night two would be 5 and night one would be 3 yeah.
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What is science?
The study of how things work I guess.
Like what things?
Ahh. Like biology is the study of life. And astrology is the study of the stars and the universe
and so
Do you like science?
Sometimes
Why sometimes, give me an example of something that you would like.
I guess biology is pretty cool sometimes
Like what?
Like dissecting the frog and stuff like when I was a sophomore. That was pretty fun.
Why was that fun to you?
Because it is something you don’t see everyday.
What is something you don’t like about science?
Ahh…the work can be really long.
What kind of work?
The worksheets that he makes us fill out. You only need two answers but you have to read like a
lot of it and stuff like that.
Who does science?
Scientists
And who are they?
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Ahh…people that dedicate their life to science. Like Mr. Kaigler
What would a scientist look like?
I guess pretty nerdy like Mr. Kaigler
When you leave school today will you use science?
Ahh…I have a friend that talks about science all the time so probably.
Do you drive yeah sometimes is there something about driving that could be considered
science or part of science?
Maybe, I never really thought about that
What is astronomy?
Studying the stars and the universe, planets, etc.
What is a star?
I always thought that it was another planet. Or a sun, maybe, I don’t know. Because it bright.
Is a star more like our sun or more like a planet?
I think it is more like a sun than a planet
What is a variable star?
I still don’t know what a variable star is.
If we went outside tonight and we look at the night sky, are there some specific things you
could tell me about besides the moon?
Orion’s belt, sometimes I can spot the big dipper or the big dipper.
Does the night sky ever change?
Yeah, almost everyday, a little bit, but it looks different.
So we are going to look at question #4, you didn’t get to do. It has four stars labeled A, B,
C, and D, I would like for you to describe to me anything you possible can about that star
field using those four stars.
It looks it goes from like from bright to brighter to small to little bit smaller where you can’t even
see it.
Okay can you tell the tape recorder which ones you are talking about?
Well B looks really bright and then A is bright. C looks like it is a small star and then D I can’t
really see if it is a star.
So how could we use magnitude to discuss those four stars?
Umm…I don’t know.
So, I have written down four number here 2,4,9, and 12, could you assign to each of the
stars. So Like A would be ____.
A would be like 4, B 2, maybe C would be 9 and D would be 12
How so?
I don’t know, I guess I just picture it that way in my mind.
We are going to look at question #7, question #7 has two pictures of the night sky, the same
part of the night sky, but several months apart. I would like for you to describe to me any
changes that see.
Umm..this star is not as star bright as this star but it is the same star.
So you have indicated RR Aql is a different brightness. Can you assign some magnitudes
and talk about that change?
So let me give you and example this star right here would have a magnitude of 5.
There probably has a magnitude of 3
What about this one? Which one? This one. So you are saying that in night one RR Aql
has a magnitude of 3 so what about the magnitude of night 2 of RR Aql.
It is like, since it is brighter it is probably a bigger number. A 5 maybe.
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What is science?
Science is the study of humans, plants, biology, astronomy, that’s it.
Who does science?
Scientists and astronomers.
And who are they?
Professors that go to study.
What would a scientist look like?
Umm tall, with glasses, umm
What’s a characteristic that a scientist would need to have or a person would need if they
wanted to be a scientist?
How would they look?
A characteristic like tall, or brainy or ….
Well, tall and always carrying books.
Do you use science in your everyday life outside of school.
Yeah I do.
Can you think of a way?
Well, math is kinda science. It involves well everything is connected. So kinda that way.
What is astronomy?
Umm…I don’t know
What is a star?
A variable?
You can tell me what a variable star is?
I don’t know
What is magnitude?
You can put like the magnitude equals or like I don’t know how to tell you. Like how we were
doing it on the computer. The magnitude you submit in and then out.
Does the night sky change?
Yes it does
How so?
Umm..well sometimes you see really light and sometimes you see really really dark.
What would we see if we went out tonight?
Tonight? Kinda, some, umm. The sky would be like really bright.
Do you know what phase of the moon it is?
No.
Okay we are going to look at 2 questions. The first one is question #4, Question #4 have
four stars labeled, A, B, C, and D. Could you describe those four stars for me?
Not really
Okay, if I gave you a magnitude number of 5 and magnitude number of 12. Which star
would be the 5 and which would be the 12.
B would be 5 and D would be 12.
Which star is closest to us?
I don’t’ know
Question number 7 has two pictures of the night sky, they same parts of the night sky but at
different time. The question is are the pictures the same or are they different. And if they
are different how are they different?
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They are different. And they are different because it is another time of the year. Umm… The
night in January might be more darker and the night August would be like more lighter.
So this star right here is RR Aql, so there are two different magnitudes. I am going to give
you magnitudes numbers again and have you tell me which night represents this star being
that magnitude. The two numbers are 3 and 5.
Umm 5 would be August (night 2) and night 1
So night 1 would be the 3
3 yeah
So if we went to the computer lab and I put on a whole new batch of images, all the images
from 2006 so far. What would have to do to those image to prepare them to look at them.
Umm….I don’t know. I don’t remember.
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What is science?
The study of something. Hypothesis and all the things to see if they are true or not. Or the study
of something that is called facts, hypothesis.
Do you like science?
It varies, sometimes
Give me something that you like.
From science? Umm…I would probably say anatomy a little bit.
What about anatomy?
How the human body works. Just like the major functions like muscles and bones, and nothing
smaller than that.
What is something you don’t like about science.
Many complicated things. Like they have a really big word for something so simple. I think that
is pretty pointless
When you leave school today, will you use science at all?
Well eventually yah, like for example not to mix or drink chlorine that probably would be useful.
Who does science?
Everybody
How so?
Well I did it in the 3rd grade, no, umm everybody does science whether they think it or not, now
they have little chemistry sets for little kids now. Even though we are the worst country in
science. But everybody does science in everything.
What if we didn’t have science in school, would anyone do science?
No, not really, no one would do science
What would a scientist look like? What do you think a scientist would like?
Ahh. I have always imagined them as having a white overcoat. But other than that, they physical
appearance doesn’t really matter.
What is astronomy?
The study of stars and space stuff
What is a star?
A hot ball of gas and stuff like that.
Can you describe a star’s lifecycle?
A star’s life cycle? Oh. I know this. It’s a star and no it starts as a white dwarf I think and then it
starts like a super nova. Or no, after it explodes it starts like it’s cycle again. It is white dwarf,
because it sucks all the matter, then become really hot and becomes a star, pretty much.
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What is variable star?
It is a type of special star, for example binary, eclipsing binary. A white dwarf is a variable star.
Umm. Eclipsing and all those kind of stars I guess.
Tell me about an eclipsing.
They just eclipse, a star, another star eclipses another star, like it goes over them.
So what does that do to the brightness?
Well, it depends. Like I guess it like it is not as bright.
How do we use magnitude to describe a variable star?
Magnitude is how bright they are. And 1 is the brightest I think.
Does the night sky change?
Yes how so? Because we are moving. Ahh stars don’t move us, but planets move, and the stars
stay in the same place, but we just
So if we went outside tonight could you describe some specific objects we would see besides
the moon?
Maybe, probably. Umm…I don’t know. I guess I would have like have to see it and think about
it.
We are going to look at question #4, Question #4 has four stars labeled A, B, C, and D.
Could you describe me using anything you have learned in class so far, anything about
those four stars?
They are variable stars. One is brighter than the other ones, magnitude.
So I am going to give you two numbers that are magnitude and I would like for you to give
me a star that goes with that number. 2.
2, probably this one, star C, no, yeah
What if I gave you a 4 first. 2, 4, 9, 12.
2, on no no no no, so this is 2 B, 4 A, 9 C and D12.
I am going to point to a star and I would like you to estimate it’s magnitude.
Well like, 5 ish.
Now we are going to look at question 7, Question 7 has two pictures of the night sky, same
part of the night sky, and several months apart. I would like for you to describe to me any
changes that you see.
Changes…um…some of the stars aren’t there. This portion there is not stars over here, or if there
is we can barely tell. Some stars go brighter.
Like which one?
This one for example. It is right there.
So how can you describe to me how it changed?
It probably is getting old, or its brightness, it’s expanding maybe it is ahh…pulsating star maybe.
So if I give you a list of words to use like we did in question number 1, use the word
magnitude, change, and variable star.
Umm well the magnitude changed of this variable star which has probably gone from a 7 to close
to a 2.
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What is science?
Science is the study of life and the universe
Who does science?
Umm..anybody can do science
What’s a good characteristic a person would need to be a good scientist?
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Can you repeat it
What’s a characteristic someone need to be a scientist?
Umm well anyone can be a scientist. You just gotta like, like understand about chemicals and all
that. Like how they work. I don’t know. I never
What would a scientist look like?
Well, last time I said Mr. Kaigler. But anyone can be, it doesn’t matter in their experience
Do you use science in your everyday life?
Yeah,
How so?
Everytime we breathe or like everything we do has to do with science and
Do you like science?
A little bit
What is something that you like?
Like experiments and like what we were doing in astro…those pictures.
What is something that you don’t like?
That I don’t really understand it, but I ….
What is astronomy?
Astronomy is the study of stars and galaxies and outer space
What is a star?
A star is like they are bright and has, it is made of gas, its I don’t know how to explain it, but it is
like a gas, that explodes.
Can you describe a star’s life cycle?
A what
A star’s life cycle, where does it star, what does it do during its life, and how does it die?
Umm it starts by, the gas, and then ummm it explodes and goes into a comet, and disappears.
What is variable star?
A variable star is the brightest star in the sky. The one with the most magnitude.
What is magnitude?
The amount of brightness. I don’t know
How can we use technology to help us study astronomy?
It is better and more accurate, and it is easier, and manually
Does the night sky change?
Yeah
How so?
Stars are allows in the same place they move, they are different to places, they are not always in
the same place.
If we went outside tonight when it was dark and looked at the sky, what would be
something we could see besides the moon?
Like, like the north star, and other constellations, and other stars and galaxies,
What is constellation?
Stars joined together, I don’t know, like they make pictures.
Do you know what phase the moon is in?
No
So we are going to look at question number 4, Question #4 has four stars labeled A, B, C,
and D. using some of things we learned in class, can you talk about the picture? Describe
maybe those four stars?
Star b, letter b, it’s like the variable star and then the brightest star has the most magnitude and D.
just smaller stars that change.
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If I gave you a magnitude number of 5 and a magnitude number of 12, which star would be
the 5 and which star would 12?
The 5 would be the most brighter.
So which one of those labeled?
From this picture? It would be letter B, number 5
Which one would be 5 and which one would be 12?
This would be 5 and 12 would be probably this one, letter D.
Which star is closest to u s ?
Letter A
How do you know?
By the distance between them
Okay, we are going to look at question #7, question #7 has two pictures of the night sky, the
same part of the night sky, one in January and one in August. My question to you is,
describe any changes you see.
Some of the changes. The bright star. Likes in January it doesn’t show how bright it is and in
August it’s
So, if we went to the computer lab and I gave you a file folder that had all the images from
2006, tell me what you would have to do those images to getting them ready for us to be able
to look at a variable star.
Like you have to go to Mira, file, open all files, and choose the classroom, your period, and after
that you have to choose what year you want to look up. What was it 2006. and then you open all
images and that is how you start.
What would you have to do to all those images?
To, you got to delete all the ones that seem all blurry. Like whatever.
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What is science?
Science is the study of or the experiments, yeah
Who does science?
Scientists
And who are they?
People that care for everything.
What would a scientist look like?
All crazy.
What would a characteristic be that someone would need to be a good scientist?
The what?
A characteristic
Well, intelligence
Why would they have to be intelligent.
I don’t think, well think all kinds of intelligence, because they are inventing. And it takes a lot of
brains to do it.
Will you use science in your everyday life outside of school?
Umm, well sciences, isn’t it like experimenting. I think so yeah
What is astronomy?
Astronomy is the study of planets, stars, space
What is a star?
A star is ahh a ball of fire with gases.

310
Can you tell me about a star’s life cycle?
No
What is variable star?
The ones that go brighter, that are
What is magnitude?
Magnitude, I think it is the is the distance.
Does the night sky change?
Like
Like if we went out tonight and we went outside 3 months later, would it be the same?
Yeah
What would we see if we went out tonight?
Stars
Do you know what phase the moon is in?
Fourth quarter.
How can we use technology to help us study astronomy?
Like the microscopes
We are going to look at 2 questions. We are going to start with question #4, question #4 has
four stars labeled, can you described to me those 4 stars?
Well, this on is the variable star letter B yeah and letter A is more dense, letter D you can’t see
it because it is bright right? They ones that you can see are brighter. And this one is kinda
disappearing. And you can’t see the letter D.
If I give you two magnitude numbers. If I gave you the magnitude of 5 and 12, which
lettered star could represent those two numbers?
5 could be the brightest and 12
So which letter?
5 would be B and 12? D
Which star is closest to us?
The north star. I don’t know
We are going to look at another question. Question #7, it is the same picture of the sky but
at different times. So the question is, are the pictures the same?
They are they same but the stars aren’t. Like this one looks bright over here than here.
So you pointed to RR Aql, it is variable star. If I give you two magnitude number again, I
give you 5 and 3 which night would RR Aql be a 5 and which night would RR Aql be a 3.
This one would be the 3 and this one the 5
So night 2 would be 3 and night 1 would be 5. So if we went to the computer lab and I put
on a new batch images for you. Let’s say all the images from 2006, what are some things we
would have to do those images to get them ready to study variable stars?
Umm….well we can do. Open all the images. And put it on fast so you can see where the star
moves and where it doesn’t.
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What does a scientist look like?
Smart
Will you use science in your everyday life?
I might. Umm..
What is astronomy?
Pass
What is a star?
A star.
What is a variable star.
Variable star, I don’t know how to say it. When it gets brighter and lighter. I don’t now.
Dimmer is the opposite of brighter.
Dimmer is the opposite of brighter. I don’t know how to say it.
So you were explaining brighter and you were trying to find a word the opposite, so bright
and dim.
Cause I don’t know how to say.
Yeah, it is hard to explain. Does the night sky change?
The night sky?
So if we went outside tonight and looked up and if we went outside in three months would it
be exactly the same?
No.
Who would it be different?
The stars would be a little bit bigger and smaller.
What would be something we could see outside tonight?
Full moon (he is correct!)
Anything else.
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What is science?
It’s the study of the stars and different chemicals and the body functions and different systems
Who are scientists?
People who study science
And who are they?
They study, well, scientist study the different types of systems, depending on their, their, what’s it
called, I don’t know, they’re
What would a scientist look like?
Hmm.. I don’t think there is like a stereotype for scientist. I can be like anyone.
What would be a good characteristic that a person would need to have to be a scientist?
They would have to like love science.
Do you use science in your everyday life?
Yes
How so?
Like I like looking at stars and so I look at them. When I have to calculate some, some distances
or something
Do you like science?
Yes
What is something that you really like about it?
I like the stars, looking at the variable stars. I like them
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What is something you don’t like?
The, when something is hard and I can’t figure it out, it’s like that, I don’t know.
What is astronomy?
It is the study of stars.
What is a star?
It’s something that is floating in the galaxy.
Can you describe a star’s life cycle?
Well, first it just gets shiny, and there are different phases, and the variable star, the nova, that
like it white dwarfs they suck in the other star and then they are all full and then the other one is
all empty and they explode.
What is a variable star?
A star that changes.
Changes what?
Changes like in brightness and like the distance.
What is magnitude..
They volume of a star. I don’t know
How can we use technology to help us study astronomy?
Well, with the new telescopes and new measurement tools.
Does the night sky change?
Yes, when it has variables stars and the with the cycle of the moon.
If we went outside tonight and looked at the night sky what phase would the moon be in?
I haven’t see it lately but I think it is like in the third quarter. (she is right)
Is there anything else we could see besides the moon.
The stars and maybe some planets. And some constellations
What is a constellation?
A group of stars, that the scientist have a certain name for it, and they see different phases it
changes.
We are going to look at question #4, Question #4 has four stars labeled, A, B, C, and D. I
would like for you to describe those four stars with one of the things you have learned in
class.
Well, B looks like the biggest star and D would be like a, like a variable star because it is pretty
small, and A is pretty big too. And C would look like it would change too. And B since it’s so
big, I don’t think it is going to last like that through the whole year. I think that they are all
variable stars.
Which on e is closest to us?
I think it is the biggest one since it is brighter, and we can see like bigger.
If I gave you too magnitude number, magnitude number 5 and Magnitude number 12,
which two stars would represent those numbers?
D and A.
So what would D equal?
#5, no, D would be the 12 and A would be 5.
So if that is true, what would you guess B would be?
About a 2.
What would you need to confirm for a 100% that you had a variable star, what would be
other data that you would need?
The I can’t remember what it is called, but there is a certain data that you would need that we did
on the computer. That you need to find out how big the star is, you can see how far it is.
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We are going to look at question #7, Question #7 has two pictures of the night sky that are
the same, one in January and one in August. Can you describe any changes you see.
In January there are more stars but they look smaller. And then in August there are fewer stars
but some are bigger.
Anything else?
No
If we went to the computer lab and I loaded all the images from 2006 onto the computer,
what are some things you would have to do to those images, before we could do the end
result where we get the graph?
Umm they Julian Dates and the magnitude numbers and what else? Register them and stack them
so you can see the changes in them.
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What is science?
Science it’s the study of a certain thing that you would like to know. Like atoms or the earth,
basically it is the study of something I think.
Do you like science?
Yeah, I like it. I like the hands on experience.
Can you explain to me what hands on is?
Umm when you perform experiments, like different things, like do diagrams. Or actually do class
activities or just more hands on like instead of listening to a lecture, why don’t you just show the
students instead of lecturing them. It will actually get there, and the students will remember, hey
we did this.
What is something you don’t like about science?
I don’t like the periodic table.
Who does science?
Who does it? Everybody does.
How so?
Everybody has to like for instance um a mechanic; he has to do some kind of science. Because
he has to know what goes into a car, like the transmission the oil, everything he has to know
exactly how many measurements, and things. He knows like if he measures, if he mixes one
thing with another it might cause the car to break. Or everybody uses science somehow.
What would a scientist look like?
Scientist look like, you mean stereotypical? No what you think. A scientist is anybody really.
Anybody who is willing to take a risk. Or try to perform something that will like, will have more
research that will maybe help someone. That is a scientist to me.
What is a characteristic that a person would need to be a good scientist?
Umm. Like I guess the hunger for knowledge. I guess the main thing is you are experimenting
and looking for an answer. For something for you know like scientist that look for aids or for an
answer for it… or breast cancer.
What is astronomy?
The study of stars
What is a star?
A star is a ball of gas.
Can you describe a star’s life cycle, like where does it start, what happens to it and where
does it end?
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Umm a star’s life cycle, I think, I am not sure, it starts up it is made up of mainly debris. So like
if the debris like gathers together to make different elements. And becomes gas and becomes
hydrogen, a lot of gases and stuff like that. And then it lives after its life, when it dies the energy
disperses out. And it will become something else. It will evolve to something else.
What is a variable star?
A variable star is what we have been talking about. Well so for a I have understand that a
variable star is a key point to something, so like on the mira, you are always saying look for the
variable star and it is always the variable star. It is like the brightest star or one of the stars you
want us to find. It is starting place so you can find other things.
How doe we use magnitude to describe a variable star?
You use it, like how bright it is, like I think, it might be the other way. The higher the number the
lower the star’s magnitude and the lower the number the higher the stars magnitude. Or it is the
other way around. What do you mean by magnitude? Like the brightness, how much energy
it has.
Does the night sky ever change?
Does it change? yes. How does it change? the stars like they fade in and out. They are like
never the exact same place they go in and out.
If we went outside tonight and we look at the night sky, are there some specific things you
could tell me about besides the moon?
Umm constellations do you know any? Orion, Orion’s belt, the big dipper, the little dipper,
that’s it.
How do you know about Orion’s belt?
Just reading in books, and I like a lot of fantasy books, and a lot of things happen in Orion’s belt.
So we are going to look at question #4. It has four stars labeled A, B, C, and D, I would like
for you to describe to me anything the differences or similarities between these stars?
The difference is all their magnitudes they all vary from different sizes. The similarities, they are
all stars.
If I give you a magnitude of, I am going to give you two magnitudes, and I want you to give
me one those stars that corresponds to it? I give you the magnitude of 12.
I think magnitude of 12 would be D because you can barely see it. And magnitude of 3? Ahh 3
would probably be A or B.
Which star is closest to earth?
Umm B.
How do you know?
Because it is the brightest. Because you can see it more clearly
Can we look and see, can we look at the night sky and see a star change its size?
No, I don’t think so, because it light years away from us, and you can’t tell, maybe the star will
go out today but you won’t be able to tell for another 100 years.
We are going to look at question #7, question #7 has two pictures of the night sky, the same,
but several months apart. I would like for you to describe to me any changes that see.
There is a lot of different stars, stars have moved or jumped. And a lot of them has just gone off
like you can’t see them at all they have disappeared. I have circled where they have just, they are
gone the stars.
Are there any variables stars in the field?
Yes, there’s three. Can you show them to me? This one, this one, and this one.
So the first one you pointed to is RR Aql so I would like you to give me the magnitude
numbers that corresponds to those two. So night one magnitude and night two magnitude.
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Night one I think would be like a really high number like 12 or 13? Okay, let me give you a
frame of reference. Stars that aren’t on here are going to be a magnitude of about 12. stars
that we are starting to pick up like that one right there would be like a 10. so this would like
an 8, night one, would be an 8. Night 2 would be like a 2 or a 1.
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What is science?
The study of like plants and bones and umm…like planets and things like that.
Who does science?
Scientists
And who are they?
Ah, people that study that, science.
What’s a good characteristic a person would need to be a good scientist?
Umm…interest in like what they are going to do.
Do you do science outside of school?
Umm..I am pretty sure I do but I’m not like conscious of it.
Do you like science?
Not really
What is something you don’t like about science?
All the different, the names like the names things have. I think that is confusing.
What is astronomy?
The study of stars
What is a star?
A white thing in the sky.
Can you describe a star’s life cycle?
I don’t think I know it
What is variable star?
Umm…it’s a star that like over the time changes its brightness or something like that.
What’s magnitude?
The brightness of the star
How can we use technology to help us study astronomy?
Umm…better telescopes, umm things to like send out into space to look at everything
Does the night sky change?
Yes,
How so?
Umm..probably the stars can move a little even it is like an inch, they will probably will move
really, the brightness of a stars.
If we went outside tonight what phase would the moon be in?
Umm..well, I wouldn’t know the name but it’s two steps after cresent.
What could we see besides the moon?
Stars
Do you know any specific stars?
No
We are going to look at question #4, Question #4 has 4 stars labeled, and we have been
learning some things in class can you describe for me those 4 stars?
Umm…no, probably D would be like a variable star. Umm umm.. probably like also C. and
that’s it. I don’t know if B would be.
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If I give you two magnitudes numbers, if I give the magnitude of 5 and the magnitude of 12,
what two stars would that represent in the picture?
B would be umm…5 and A would be 12.
If that is true, what would the star’s number be if it was brighter than B?
It would be lower.
What do you mean by.,..
Like the number would be lower than 5
Which star is closest to us?
I don’t remember
Next question that we are going to look at is question #7, question #7 has two pictures of the
night sky, the same section of the sky, one is in January and one is in August. Can you
describe any differences, or are they the same?
No, like some stars are like brighter in August than in January and they seem to like have moved
a little.
If you leave out the movement can you so me which ones are bigger or brighter?
Like there and there…umm…that one looks clearer and that one looks bigger. And that one close
to it.
So this one here was RR Aql, so again if I give you two magnitudes number, 3 and 5, which
night would be RR Aql having the magnitude 3 and which one would magnitude of 5
This would be 3 and this would be 5
If we went to the computer lab and I had downloaded all the images for 2006, what are
some things you would have to do before we could use that to analyze the variable stars?
Look through each of the slides, I guess. And check if there are any blurry ones or any that you
can’t use. And you would have to look for the variable star and umm..like focus on that one. Put
the little rings like around it. And the click the little analyzer.
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What is science?
Umm..like basically astronomy earth, earth something that has to do with earth, natural
environment. Animals.
Who does science?
Anyone.
What would a scientist look like?
It could be anybody.
What would be a characteristic a person would need to be a good scientist?
Basically know the stuff.
Like what kind of stuff?
Hmm…how to do labs and hmm like to investigate and look for stuff.
Do you use science in your everyday life?
Yeah, in school.
Outside of school
Sometimes at home
Can you think of a specific example.
Umm dealing with my animals like pets, my plants, watering them,
What does a scientist look like?
There’s no specific person. Like hmm..
Do you like science?
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Yeah. A little bit
What is something you like?
Hmmm…well anything with plants, that has to do with plants. Hmm gardening stuff,
experimenting like class and stuff.
If there something you don’t like?
Hmm.. it’s like complicated and when it is like work. Like written stuff.
What is astronomy?
Hmm basically it has to do with stars, the solar system, and all that
What is a star?
Something that brights in the night, I don’t know
What is a variable star?
Many stars.
What’s magnitude?
I don’t know
How does technology help us study astronomy?
Computers, see them closer,
Does the night sky change?
Sometimes I think it does
How does it change?
Umm they, sometimes stars are brighter than the other ones. Or separated. Yeah
If we went outside tonight, what would be something you could besides the moon?
The stars.
We are going to look at question #4, Question #4 has four stars labeled A, B, C, and D.
Could you describe to me those four stars.
What do you mean like? How do they relate to each other, how do they not relate to each
other. They, they are stars, but some are brighter and bigger than the other ones.
So which one is the brightest?
Umm B, and then A, D and C.
Which one is the closest one to us?
Umm…I cannot know.
If I gave you two magnitude numbers, if I gave you the magnitude number of 3 and 10.
Which two stars would represent the magnitude of 3 and which one would represent the
magnitude of 10.
This one is the three and this one the two. So C would 3 and D would be 10.
Question #7, Question #7 has two pictures of the night sky, the same part of the sky. Are
they the same or are the different. And If they are different how are they different.
They are different cause they are not in the, the star are not in the same place. And a lot of them
are brighter then the other ones.
Can you show me a few that are brighter?
Yeah, these, and night 2 you can’t even see some.
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It doesn’t matter. Doesn’t have a special feature.
What’s a characteristic a person would need to be a good scientist?
Just a characteristic, I think, I think go to school, I don’t know and have a college or something.
Just to know the basics of what scientist do.
Do you like science?
Yeah
What is something you like?
I like a lot of things about it. I like the study of everything.
What is something that you don’t like?
Umm…I don’t like ….there’s nothing
Will you use science in your everyday life outside of school?
Basically you do.
Can you give me an example?
Ahh…how you do at school
What is astronomy?
Astronomy is the study of space
What is a star?
It’s a gas, it’s a gas, I don’t know
Can you describe a star’s life cycle?
No
What’s a variable star?
It is when it moves by time.
What’s magnitude?
When it grows
What do you mean by that?
When, wouldn’t it magnitude, for example when the star grows or something like that.
If I give you three numbers, 1, 3, 5, and told you that they were magnitudes, which one
represents the brightest star.
1
How can we use technology to help us study astronomy?
Because technology has advanced and you can see more things from here to sky, space.
Computers that are
Does the night sky change?
Yeah, sometimes its darker, sometimes its lighter.
If we went outside tonight what would be some things that we would see?
The stars, the moon, we could see a planet, but I don’t think, I am not sure.
We are going to look at question #4, Question #4 has four stars labeled A, B, C, and D.
Could you describe to me those four stars?
What do mean describe them?
Can you tell me something about them.
Yeah, some are brighter and some are bigger.
Which one is brighter and which one is dimmer.
D is dimmer B is brighter.
Which one is closest to us?
B
How do you know?
Because it is more brighter, I don’t know.
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If I give you two magnitudes numbers again, I give you the magnitude number of 3 and 12,
which star would represent 3 and which would represent 12.
Umm…A and D
So which number would A be?
3
And D would be the 12?
Yeah
Okay we are going to look at questions number 7, question number 7 has two pictures of the
same part of the night sky. but at different times. Are the same or do they change?
They change
Can you tell me how they change?
The stars change, they look different and some are brighter then they were.
Can you show me one that is brighter?
Umm..this one
Okay that is RR Aql. If I give you two magnitude numbers again. If I give you the
magnitude number of 3 and magnitude number 5. Which night does RR Aql represent a
magnitude of 3 and which night a 5.
So which one represents a 3 and a 5
Yes, for this star here, RR Aql.
A3
So night 2 would be 3
Oh you said 2 or 5

Yeah, 3 and 5. so is night one a 3 or 5, and is night to a 3 or a 5.
Night two is 3.
Let’s say that we go back to the computer room, and I had a folder for you guys
with all the images from 2006. So it is like I have given you a new folder. What are
some things we would have to do images to get them ready.
Go get a new folder, and a new folder gonna, gonna change.
So I put a new folder of images there, so it is like 1996, and 1997 only now it is folder
of 2006. A brand new data set. What would have to do it?
We would have to, we would have to do that, that Mira thing, and take the blurry images
and all that.
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What is science?
Ahhh… the study of living things…
Who does science?
Scientists
And who are they?
People who study umm…science…yeah
What would a scientist look like?
I don’t know with glasses and a white jacket. I don’t know. That is kinda it.
What is a characteristic a person would need to have or be to be a good scientist?
Nerd
How so?
They should be like very smart.
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Why is being smart important?
So you can get a good job. Yeah
Do you like science?
No
What is something that you really don’t like about science?
Having to do essays
What’s astronomy?
The study of stars
What is a star?
It’s up in the sky, yeah.
Can you describe a star’s life cycle?
Nope
What is a variable star?
Umm…I don’t know it has something like next to it. But I don’t know
What is magnitude?
Magnitude? I don’t know either
Will you use science in your everyday life outside of school?
Would I, I don’t think so.
How do we use technology to help us study astronomy?
With, I don’t know, new telescopes and stuff. Like technology gets better and everything they
find some new stuff
Does the night sky change?
Yeah
How so?
Umm…I don’t know it changes over time, yeah
If we went outside tonight and looked at the sky, what are some things that we could see?
Stars, the moon, I don’t know
If I give you three magnitude numbers 1,3,5 which number represents the brightest star?
Umm….I forgot, is it one? That is the questions. Oh, okay, I think it is one
So we are going to look at question #4, Question #4 has four stars labeled, can you describe
for me those four stars?
Star A, B, C, and D
Is there anything you can tell me about them?
Some are brighter then the other ones.
Which one is the brightest?
Ahh…star B
Which one is the closest to us?
To us? Star B
How would you know?
Cause it looks like bigger, so it looks like closer.
If I give you two magnitude numbers again, say 5 and 12, which star would represent 5 and
one would represent 12?
5 and 12.
Okay so 5 is B and 12 is C.
We are going to look at question #7, Question #7 has two pictures of the same part of the
night sky. but at different months. Are they the same or are they different?
Different
How so?
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Ahh…the one in January it has, they are not as bright as the ones in August.
Is there specific star or stars that are bright or dimmer?
Yeah, on night 2, that one with the arrow.
Okay, that is RR Aql. I am going to give you two magnitude numbers again and have you
tell me which night corresponds to which number. I am going to give you three and five.
3 and
So night 2 is 3 and that night one?
5
So if we were in the computer and there was a folder of images from 2006, what are some
things you would have to do to that set of images to make it ready to analyze?
What would I have to do?
Like it is a brand new folder, what are some things we would have to do to get them ready?
Umm…open the folders and then read it, then, turn on the computer.
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What is science?
The study of umm animals the stars
Who does science?
Scientists
Who are they?
People who study the earth
What would a scientist look like?
Umm
What’s a characteristic a person would need to be a good scientist?
I don’t know
Do you use science in your everyday life outside of school?
Pass
What is astronomy?
The study of stars
What is a star?
I don’t know
What is variable star?
A star that changes in brightness.
What is magnitude?
It’s when a star changes its brightness
If I gave you three magnitude numbers 3, 5, and 7. Which number represents the dimmest
star?
5
How can we use technology to help use study astronomy?
Pass
Does our night sky change?
Yes
How does it change?
It has more or less stars that are bright.
What would be something that we could see tonight if we went outside?
The moon and stars
Do you know what phase the moon is in?
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No
We are going to look at two questions. The first question is question #4, it has four stars
labeled. Could you describe to me those four stars?
Some are bright and others are dim.
Okay, so which ones are bright?
Umm….A and B
Which one is closest to us?
B
How do you know?
I just guessed
If I give you two magnitude numbers again, the magnitude of 5 and the magnitude of 12,
which star would be 5 and which would be 12?
C would be 5 and A would be 12.
Okay we are going to look at question #7, has two pictures of the night sky, the same part of
the sky, and the question is, are they same or are the different. And if they are different,
how are they different.
The difference stars got brighter or dimmer.
Can you show one or stars that got brighter or dimmer?
Umm…this one.
Okay, so that is RR Aql. Again if I give you two numbers, if I give you the number 3 and
the number 5, which night is RR Aql magnitude 5 and which night is it magnitude 3?
I don’t know
If we went to the computer lab and I gave you a whole new batch of images, say all the
images from 2006, what would we have to do to those images to get them ready?
We would have to eliminate the blurry ones.
And then what?
And then register them.
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What is science?
Science? It is the study of like everything.
Who does science?
Mr. Kaigler. Scientific guys.
What would a scientist look like?
Hmm…glasses, a nerd I guess. I don’t know. Weird hair cut
What would a characteristic be that someone would need to be a good scientist?
Well, I guess like, well I think everybody can be a scientist.
Well, what is something that you would need to have to be able to be a scientist?
Be smart
Why be smart?
Well, there are a lot things that you need to learn about science.
Will you use science in your everyday life outside of school?
I don’t know.
What is astronomy?
Well, they study of stars, the sky.
What is a star?
Star is umm…I don’t know.
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What is a variable star?
A variable star…I don’t know
What is magnitude?
Magnitude? I don’t know
Does the night sky change?
Yeah, I guess.
How so?
Well, like the star move.
What would be something we could see if we outside tonight?
Umm…the sun, maybe the moon.
Do you know what phase the moon is in?
Not right not.
We are going to look at two questions. Question #4, which has four stars labeled, A, B, C,
D. Can you describe for me those four stars?
Right here? Oh….they are shining. Or bigger.
Which one is shiner or bigger?
Ahh…B is the biggest one, then A
Which one is closest to us?
B,
How do you know?
Because the more closer the more you see it shiny.
If I give you two magnitude numbers, if I give you the magnitude number of 5 and the
magnitude of 12. Which star would represent 5 and which 12?
Hmm….I guess 5 would be B
And 12?
12 would be D.
We are going to look at another question. Question #7, Question number 7 has the same
part of the night sky but at different times. The question is, are they the same? Are they
different, and if they are different how are they different?
Don’t this one, night one, you see more stars. And on night 2 you can’t see that many stars.
So this star right here is RR Aql. So it has a different magntide here than it does here. So I
am going to give you two number again, and I want you to tell me which night represents
which number. So I am going to give you the number 5 and the number 3.
Night 2 is 5
So night 1 is 3. If we went to the computer lab and I had a new folder of images for you
guys. So all the image from 2006. What would we have to do those images to get them
ready?
Do I need to explain the procedure. First you open it. The how was it, you said. They you open
like all of them. Get rid of the ugly ones. And I guess that is it.
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What does a scientist look like?
Umm..a scientist, I picture a scientist like always dressed in white. But umm…but he really
doesn’t look like have to like wear white, it is just someone who really explores and is really
interested in what things are made out of and the chemicals and everything.
What’s a characteristics someone would need to be a good scientist?
Umm…I think they would need to umm…know a lot of math and they need to have like
experience with chemicals.
Do you like science?
I think it’s fun.
What is something specific you like about science?
What I like about science is that you get to explore different things. And you learn more about
things you never even thought existed
What is something you don’t like about science?
What I don’t like about science is having to like remember the little umm…the little symbols for
the chemicals. I think that is confusing.
Do you use science in your everyday life outside of school?
I think everyone does, yeah.
Can you give me an example?
Umm… I think for example if I am cooking egg, that is science because of the chemicals of how
oxygen mixes with the heat and everything.
What is astronomy?
Umm..I think astronomy is dealing just with stars and planets and the universe and space.
What is a star?
A star? I think a star is a planet. That is what I think.
Can you describe a star’s life cycle?
Umm…pass
What is a variable star?
I think a variable star is changes though out time.
How does it change?
Like it gets bigger or smaller, or brighter or darker.
What is magnitude?
Umm…pass
How can we use technology to help us study astronomy?
Umm…pass
Does the night sky change?
The night sky? I think it does. No, actually, ahh, I don’t think it does, I think it just gets brighter
with the sun, but I think it is probably dark. I don’t know. That one’s Pass…
If we went outside tonight what would be some things that we see?
Well, we would see stars, and we might see variable stars and we might see variable stars,
shooting stars, and yeah that’s it.
If I gave you three magnitude numbers 1, 3, 5, which number would represent the brightest
star?
Ahh…. I think it would 1.
We are going to look at question #4, Question #4 has four stars labeled, A, B, C, D. Can you
describe for me those four stars?
Umm…star A it seems like its like bright but it is medium sized. Star B is the brightest star or
the biggest. Star C would be the small, small, star or the star more further away. And Star D is
just like a little bit smaller than A but it’s still small.
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If I give you two magnitude numbers again. If I give you the magnitude number of 5 and
the number of 12. Which star would represent 5 and which star would represent 12?
I think 5 would be B and 12 would probably C.
Which star is closest to us?
I think B is closest to us.
How do you know?
Because it looks closer since it is brighter.
We are going to look at one more question. Question #7, it has two pictures of the same
part of the night sky, several months apart. Can you tell me any difference you see?
I see that this star right here gets brighter on night number two.
That is RR Aql. If I give you two magnitude numbers again, magnitude 3 and magnitude 5.
Which night is 3 and which night is 5?
I think 3 would be night number 1 and 5 would be night number two.
If in the computer lab, if I made a folder of all images that I had for 2006, what are some
things you have to do the images to get them ready to be analyzed?
I think I would have to look at each slide and like delete the foggy pictures, and then I would
register the stars. And I would…Pass
Bold =Researcher
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What is science?
Science is doing a lot of different of experiments. And finding out a lot of new thing that you
want to know.
Who does science?
Scientists, doctors,
And who are they?
Who are the scientists? Like,
Like who are they, are they a special group of people, or are they….
Well, people can study to be scientists.
Do you like science?
No
What is something that you really don’t like?
All of them. The different number and like putting I don’t know it is confusing me
What is a characteristic a person might need to have to be a good scientists
Well, I guess know about, know what you are going to do like you plan or hypothesis and all that
stuff
What is astronomy?
Astronomy is dealing with the stars and all that stuff, planets
What’s a star?
A star well, there are variable stars and just stars that are gas right, in the sky right?
Can you describe a star’s life cycle?
Umm…I am trying to think
How it starts and how it ends.
Pass
What’s is variable star?
A variable star are the ones that blink a lot, they go fast. And yeah
What’s magnitude?
Pass
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If I give you 3 numbers 1, 3, 5 which magnitude number represents the brightest star?
3
If we go outside tonight what would be something we could see in the night sky?
A lot of stars, variable stars, and just not just as much, maybe some planets but we don’t notice
them
Would the night sky change ever?
Yes
How so?
It changes, I know it does change, but I don’t know how.
How do we use technology to help us study astronomy?
Well, by building the microscopes and stuff.
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RRG101

RRB107
RRB110
RRG111
RRG118
RRB122

What do you think a variable star
is?
I really don’t know the differences
between other stars and variable
stars/a variable star is when a star
becomes to change. Magnitude:
how bright it is (what it looks like)
Period-brightest—lowest—vice
versa
A star that varies in size or in color
A variable star is a star that changes
A star that changes
Is that it is the brightest star
A star that has something changing
in it
Is a really big bright star you can get
How bright it is

RRB133
RRB155
RRG181B
RRB306
Star varies
RRG322
A star that changes its brightness
RRB323
Is a star that is always changing
RRG324
RRG331
RRG333
RRB339
RRG366
RRB381
RRG603
RRB605
RRB611
RRB616
RRG680
RRG688

I think it is a star not yet names.
What would you guess would cause
it to vary. There is a lot of stars
A star changes
I think what have more in a such
star the sky in is very cute
A star that moves from places to
other places
Is a star that has a variable numbers
of something
A star that can change due to it’s
astmosphere
When a star changes
A star that is only one A NOVA
Changes of star
When the star change
A star that changes (NOVA)
It is a star that changes

What would you guess might cause it to
vary?

The age changing
Time and the light and energy
What part of the sun is hitting the star
Age and growth (volume)
I don’t know, maybe size and age
Time, lights
The way the stars move away
Heat
That the world moves. So it is always
changing

Time
Are in think is the not..
I don’t know
I don’t know what vary means
Due to the gasses that it burns off
Maybe change by nova
They end up al way in the same place
Different kind of variables
The size and how old it is
When it expands it is a super novea or when
its going to explode
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RRB699

Is a star that looks closer to
earth but in reality it is
farther than earth

Is the brighter the star
means that it get closer to
earth.
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APPENDIX U: REFLECTIVE JOURNAL WRITING ON ASTROMETRICA
Write a paragraph about what you see changing or is different.
RRB303B What I see is between the changes of the images the stars has more
brightness and then go varie some stars and brighter more and
others not. I think it has many a lot of changes
RRB306
This week the variable stars are more visible. The star brightness
level is clearer. The variable you could tell if it get brighter or
dimmer the…
RRB311
The images were seeing today are slightly different from last weeks
with these images you can see the variable a little bit more better
you can distinguish them more. Plus there or little more bigger.
RRG311
In the blinking picture I see a few things. Almost all the stars start
out at a regular brightness. Then get brighter and brighter. The gas
of the stars go out. Yet all the dull stars from the beginning are still
there
RRB313
They go from dim to dark. The all get brighter then they dim
down. And they don’t show that much light
RRB322
The image is different on the Capitals they get bigger and smaller
you can see it’s the little ones get bigger the biggest ones get bigger
RRG322
The stars that we are seeing now are different from the ones is
Friday because on Friday the stars increased its luminosity just a
little and now they turn a lot brighter. You can easily see which
are variables. For a moment there seem to be little stars and
suddenly a lot of them appear. The ones that were semll turn many
times bigger. The stars slow and some of as seem to appear
RRB323
Well not all the prestars are clear but if you stare at the stars mostly
the same ones are always changing. In some pictures it is brighter
than others
RRB324
In the image AG-AJ-BG-BJ= I see that the stars get less briter and
sometimes lighter. And on some many stars are not there and
others are
RRG324
The stars keep getting brighter and brighter as it blinks more some
of the pictures have more stars than others. The star is either get
smaller or bigger as well as the brightness. There is not much
change going on they practically look like it the same picture with
a little bit of motion.
RRG331
On the five images they change like some are light and bright and
ones are small and lest bright. Some are big and without light
RRG333
The change in the image is that in a has between more that in the
other in the imagine is that have a ??? more
RRB339
The difference between the two blink images is that in the second
blink you can see more variable stars because there are 5 pictures
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blinked
RRG344
From AJ04 the stars are much brighter and larger. Big OB more
stars appear but not as bright as AJ04 the stars are go less righter to
CJ018, DF04 are the brightest stars
RRG366
I chose 5 images and they started to blink them. I ‘m looking at
them I see a lot of variables stars (big and small). They are
blinking a lot and look really different. They keep getting big, fat,
bright, small, light, etc. I see a lot of stars that are changing a lot
RRG366B The images are changing rapidly and their blinking readily fast. I
see bihgger stars some more than others smaller stars look like
little speeks. I see that the larger stars don’t lose their brightness
and their position, and there is so a lot of dots.
RRB377B The only thing that I have seen after the study, that there are a lot
of variable stars that turn from light 2 dark different sizes
RRB381
In these photos it is showing how the stars change. The stars are
getting larger and then dulling out completely. When the stars dull
out it seem that there are mo9re of them and less bright stars. The
brighter stars the less small stars there are. In one of the photos
theirs is a trait from the largest star to the second largest
RRB388
The difference between the two blink images is that in the second
blink you can see more variable stars because there are 5 pictures
blinked
RRG388
Every image changes in many different way. 1st image doesn’t
really change its just a small changes/maybe two doesn’t really
change either. 3rd image doesn’t really change either, it doesn’t
start changing until the 4th image pops up. 5th image doesn’t
change either.
RRG398
What I see is a bunch of variable stars blinking. The stars go from
dark to light and go back. The stars start from picture AJ04 which
is the darkest and it end in D10 DF04 which is the lightest
RRB399
I change 5 different images. And what I see in these different
kinds of images is a lot of differences. What I see in these images
is that some stars are little, some stars are big, I see some brighter
or darker, and blinking stars
RRB605
What I see in the chart is that it seems that the starts get smaller
and smaller. Like if the night was turning into day. Some stars
even look like pulsating stars. In the top right corner seemes like
the sun is coming out or something. All these pictures seem that
they were taken in different times of the day.
RRB611
The difference between last week stars are that they are more
bright stars. The variable star are the that are the brightest and all
the stars. The stars are randomly in different places and don’t have
enough other images
RRG613
What I see in the screen is that as it blinks, a few stars go
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RRG617

RRG649

RRB668

RRG680
RRB681
RRG688

RRB699

disappearing and only a few stay. It gets smaller/larger they few
stars that stay
In the images there are differences because some of them like
images 1 &2 show the stars very clearly and bright. Images 3 &4
seem to show the images from a very far distance. On images 1
&2 the stars are brighter and you can pic a point and navigate and
then go back to the exact point where you were. In images 3 & 4
you see the stars from a very far distance.
The difference in what I see is that time is makes the stars change
and make them bigger and smaller by time they change. That what
I see that there is a big difference and small to big and it look the
stars do change and the variable stars get bigger
The changes that I see are that the variable stars change the light
changes. The variable stars get less brighter. What I would change
if I would was that I would make the variable stars more darker.
The stars get less brighter.
In the images the same stars are getting bigger and smaller. Some
of the stars that blink get brighter or dimmer and make these
images better for others I see I would make them bigger and darker
I see a couple of stars then more and then more and more, also
some don’t disappear. Also some are way brighter then other.
While some just stay the same size.
In the images I see many of the same stars getting bigger and
smaller every time the images inverts. Also the more bigger the
stars get the closer they get to each other. With the other images,
the variables are easier to find. To make these images better for
other to see I would have circles the indicate were the variable stars
are located in case people get lost. Track the 2 pictures are shows
the stars blinking and the other is harder to find since the stars look
smaller
On all the images I see the same stars, the stars get bigger and
smaller, on some of the images the stars get very dark. ON image
3 or four all you see is little stars and then it gets very big.
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APPENDIX W: EXPLORATORY FACTOR ANALYSIS #1
Table 17. Factor loadings from exploratory factor analysis (EFA) unconstrained
with Varimax rotation
Item
1

2

3

4

Factor Loading
5
6

7

29
.801
24
-.773
19
.705
28
.634
32
.597
-.404
5
.862
13
.752
14
.632
6
.563
10
.528 .416
1
.774
23
.361
.618
15
.602
26
.450
.578
30
-.781
27
.622
17
-.599
18
-.355
-.542
21
.848
25
.725
9
.442
2
.688
3
.675
11
.7962
4
.714
22
20
.462 .413
8
-.461
12
31
7
16
.417
.458
Note: Loadings less that 0.35 were omitted.

8

9

10

11

.385

-.464

.857
.475
.881
.539

-.355
.820
.741
-.514
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APPENDIX X: EXPLORATORY FACTOR ANALYSIS #2
Table 18. Factor loadings from exploratory factor analysis (EFA) constrained to 4
factors with Varimax rotation
Item

Factor Loading
1

2

3

4

13
.768
16
.673
18
-.667
14
.606
6
.601
.354
5
.579
17
-.544
2
.504
27
.500
.408
30
-.473
9
.448
19
.834
29
.757
28
.665
24
-.645
26
.641
15
.620
10
.443
.603
23
.532
-.369
32
.431
3
.383
1
.353
11
.616
20
.495
.374
22
.486
25
.7960
21
.660
4
-.660
Note: Loadings less that 0.35 were omitted. Items deleted because loadings were in
more than one factor and had similar values: 7 and 12.
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APPENDIX Y: EXPLORATORY FACTOR ANALYSIS #3
Table 19. Factor loadings from exploratory factor analysis (EFA) constrained to 3
factors with Varimax rotation
Item
Difficult/Insecure
(DI)

Factor Loading
Confidence,
Enjoyment, and
Usefulness (CEU)

Scared of
Astronomy (SOA)

14
.686
18
-.651
27
.628
13
.613
17
-.569
9
.553
2
.541
5
.526
12
-.523
30
-.514
6
.505
.389
16
.454
20
.4520
11
.413
19
.837
29
.750
28
.666
26
.650
24
-.646
15
.425
.627
10
.497
.615
23
.551
32
.420
1
.353
7
.351
25
.786
4
-.661
21
.632
Note: Loadings less that 0.35 were omitted. Item deleted because loadings were in more
than one factor and had similar values: 3.
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