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ABSTRACT 
 

This dissertation looks at the effects of an educator-scientist partnership on 

the creation of an inquiry based science lesson for the middle school classroom. The 

lesson was initially created by a scientist following their science research, but 

changed as the scientist began working with teachers. The changes in the lesson 

show that scientists and educators may not agree on what is considered appropriate 

for a science lesson because of time commitment and grade level. However, by 

working together the partnership is able to reach a compromise of the lesson that 

allows for the students to get the best possible outcome. This dissertation also 

shows that science research is a method of inquiry, which can be brought to the 

classroom through inquiry education. 

The science research the lesson followed looks at the interstellar dust cloud 

DC 314.8-5.1, which is unique because of the cloud’s proximity to a B-type star with 

no known association. This thesis did a survey of the area looking for background 

sources that can be used for future spectroscopical studies. Further, the survey led 

to the discovery of two possible young stellar objects. 

In order to fuel educator-scientist interaction and to bring inquiry education 

into the middle school classroom a scientist created a web-based science lesson that 

incorporated real NASA data into the middle-school classroom. This lesson was 

based on the scientist’s research in infrared astronomy within the broader context 

of astrobiology. The lesson includes students plotting real data; in the process the 

students learn about infrared radiation, star color, and the wavelength/temperature 

relationship. These are all topics that were studied in the scientist’s research, which 
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led the scientist to the idea of creating a lesson for the middle-school classroom. 

This lesson is based on the principles of inquiry-based learning. Inquiry lessons can 

bring together these ideas into one place and hopefully inspire new generations to 

explore the world and universe through science.  

The scientist then worked with five teachers to edit the lesson for each 

teacher’s classroom. For four of five teachers the lesson changed from an online 

based lesson that used Excel to a PowerPoint presentation and paper graphing. It is 

shown here that partnerships between scientists and educators are beneficial for 

both parties as it allows scientists to understand how to communicate their 

scientific findings to the general public, while allowing teachers to stay updated with 

the most advanced science research. 
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Chapter 1 
 

Section 1.1: Introduction 
 

“Hydrogen is an odorless, colorless gas which, given enough time, turns into people.” 
- Edward R. Harrison 

 
 Astronomy, as a branch of science, is not often taught in the K-12 school 

system. The only exposure to astronomy topics students gain is to meet basic, state 

mandated, requirements for testing. Until college, most students have only been 

taught the most elementary concepts of astronomy. Astronomy, as most scholars 

believe, is the oldest science and in the past, knowledge of the subject was crucial to 

any formal education. Astronomy itself encompasses concepts of chemistry, physics, 

mathematics, geology, and, indeed, biology in the broader context of the search for 

life in the universe (i.e. astrobiology). Why, then, is astronomy not considered a vital 

part of K-12 education?  

 To conduct research, scientists must first identify a larger topic of 

interest in their research that poses important unanswered questions. They will 

then investigate that topic by trying to solve smaller problems which may lead to an 

answer to the larger problem. This is analogous to the “inquiry” method of 

education and in reality this method is an everyday practice for scientists. In 

astronomy, for example, interstellar dust was initially studied because it presented a 

problem for astronomers. The medium interfered with light that was emitted from 

distant stars and therefore affected the results of the research conducted by 

scientists studying these stars. Through further evaluation of the medium, scientists 

came to understand that interstellar dust is an important factor in both the 

beginning and end of star formation. The scientists found that the interstellar 
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medium contains all of the vital ingredients from which stars and planets are 

formed. As new stars form, often new planets will form concurrently; thus, having a 

better understanding of the physical and chemical composition of dust clouds can 

give researchers a better understanding of the origins of these celestial objects. 

Furthermore, using the solar system as a key example of the potential outcomes of 

star formation, scientists can begin to understand the fundamental origins of life. 

Similarly, the author hopes to show that astronomy, through the use of the inquiry 

method of education, truly is the key to a comprehensive understanding of the many 

branches of science and that through the study of astronomy in K-12 and through 

using a more applicable method of education students can begin to understand the 

fundamental concepts of science.  

The interdisciplinary method of using astronomy principles along with 

concepts from other branches of science allows scientists to better understand 

astronomical phenomena, such as star, planetary formation, and the origins of life 

on those planets. The multidisciplinary nature of this research is exactly why the 

author was drawn to astrobiology. With a wide variety of scientific experience, 

astrobiology is the key field to suit the author’s interests. Furthermore, like many 

scientists in history, the question of the origins of life has always been a key in the 

author’s mind. All life can be reduced to molecules and compounds; thus if the 

origins of life can be found in the origins of the universe, these same molecules and 

compounds can begin to explain human existence and the possibility of other life in 

the solar system and beyond. Thus a multidisciplinary approach must be taken in 

studying and understanding the origins of life. However, because one branch of 
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science does not operate in a vacuum, researchers must incorporate concepts from 

all of the branches of science, while recognizing their connections and correlations, 

to explain the origins of life and its complex systems. 

Just as the different branches of science have connections and correlations, 

so does natural science and social science. In this dissertation the author will show 

that the research style used in natural science can be used in education. If scientists 

use inquiry methods in their research, students should be taught these methods 

early in school. While it will be shown that natural science and social science have 

many similarities there are some major differences also that may make the research 

presented in this dissertation seem different. This dissertation will explore natural 

inquiry, which follows a set of natural laws, and human inquiry which has free will 

and does not follow the laws of nature. This difference presents itself in the 

research, but the author will show that the similarities between human inquiry and 

natural inquiry are the driving factor behind the research.  

The author will show that middle school students can learn astronomical 

concepts in greater detail than currently required by national standards, while being 

introduced to other branches of science through astronomy education. No academic 

subject operates in a vacuum; therefore, a comprehensive approach to teaching the 

sciences through multidisciplinary fields, like astronomy, helps students to retain 

not only concepts relating to the specific branches, but also to see how the branches 

and concepts therein relate to one another. Through their experience in the middle 

school classroom, many science educators believe that “astronomy is far too 

abstract to present to students,” a phrase commonly heard during discussions with 
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teachers. Stars and planets are not objects that students can easily see and, outside 

of Earth, they are impossible to touch. When students think of science they have an 

idea of what a laboratory is and what a scientist does. Usually astronomers and their 

research do not fit that stereotype. However, there are astronomical topics such as 

infrared radiation that can be taught using methods that would present students 

with current astronomy research. Infrared is a part of the electromagnetic 

spectrum, which is often presented in the middle school science curricula. However, 

the word “astronomy” is rarely mentioned in the presentation of the 

electromagnetic spectrum. Astronomy can clearly be utilized more effectively to 

cover these subjects; for example, astronomers use infrared light to study 

interstellar dust clouds. However, often science educators are unaware of resources 

available to aid in this presentation or unsure how to frame the lesson to give the 

students the maximum benefit of learning through astronomy. Traditional teaching 

and learning techniques may not be the most effective way of presenting these 

innovative lessons.  

One of the most applicable and realistic methods of teaching astronomy or 

any branch of science is the inquiry method (Hall & Sampson, 2009; Marshall & 

Horton, 2008; Akerson et al., 2007). Studies in education theory have supported this 

as a useful method of teaching science as it fosters growth and understanding in 

research methods while encouraging students’ curiosity and critical thinking. In the 

inquiry method of education, a student is not given specific research questions, 

answers, nor is success a guarantee. The students must come up with their own 

questions, after a guided lesson on certain topics, and are encouraged to seek out 
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the information necessary to answer the formulated questions. Students experience 

the reality of research and therefore are not guaranteed success, which can create 

further opportunity to investigate why their results came out as they did. This is the 

same method in which science research is conducted and how professional science 

researchers operate. Therefore in this method of science education, students are 

better equipped with the skills for research in their future, either in academics or a 

career and in the case of science, can learn vital computer and critical thinking skills.  

 When the author, as a science researcher, first learned about the inquiry 

method of education, it brought to mind the method they, along with countless 

scientists in history, have used in scientific research. This method sparked the 

author’s interest because it is the same method a scientist would use to formulate 

their own research. Scientists become fascinated with a topic and may not know 

what question they are trying to answer nor do they know the answer. Rather, 

scientists collect and analyze data about the topic, then produce a set of 

observations. Further understanding of those observations can lead to the 

formulation of theories and further research into those theories. In this dissertation 

the author seeks to better understand a particularly unique dust cloud and uses 

inquiry to research the dust cloud. The author will show that the act of learning, 

through the inquiry method and how to research and analyze data should be 

brought into the classroom early in students’ academic career so that they can 

become better equipped to succeed in higher education or on the job. At the same 

time, using the inquiry method in science education can help pique young students’ 

interest in the sciences and encourage them to think critically about the world 
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around them. Therefore science educators across the country should integrate this 

real-life method of research in their lesson planning for the middle school 

classroom.  

To assist in the transition to a more inquiry based approach to science 

education, science educators and science researchers need to create partnerships to 

ensure success. Who better than a scientist, practicing an inquiry method to 

investigate real-world topics, to help bridge the gap between science education and 

research, along with an educator who understands how to present new material to a 

lay audience? Through these partnerships and using the inquiry method, middle 

school students could be presented with a current topic in science and then perform 

their own research with real data. The benefits in this partnership are threefold for 

the science educator, the research scientist, and the students. First, the science 

educator can form multiple partnerships with various scientists and stay current 

with the latest advances in the field, in essence continuing their own education. 

Second, the science researcher, using their own research, may come upon solutions 

to certain problems, but also learn to format their research to present to a lay 

audience. This can assist in procuring further grant funding and even writing 

publications. Finally, the students involved are learning the methods of research 

through forming critical thinking and analytical skills, which will prepare them for 

their future either in academia or a career. Moreover, students may become 

intensely interested in the sciences and choose to pursue careers in STEM discipline. 

This would help reignite national achievement in the fields of science and 

mathematics helping to make future generations more competitive on a global scale. 
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 An introduction to modern astronomy research can be given through 

appropriate background lessons and familiarization of students with any complex 

terminology. This allows for astronomy to be taught to students earlier in their 

academic career. The process of star formation is an appropriate place to start for 

students, as it often seems to engage them. Star formation starts when gravitational 

energy causes a cloud of interstellar dust to begin collapsing and as the cloud 

collapses it begins to spin to conserve angular momentum. That spinning causes the 

cloud to flatten like pizza dough being tossed in the air. The pressure at the center of 

the cloud increases, eventually causing nuclear fusion which then creates a star. As 

stars begin to form they also create a circumstellar disk, which is also made up of 

interstellar dust and gas. These disks may go on to form planets that orbit the star 

(see Figure 1.1).  At the end of a star’s life processes such as novae or supernovae 

eruptions (a process where the star will blow off its material) will return the matter 

back to the interstellar medium. This process has dramatically altered the gas and 

dust. Given this scenario of star and solar system formation from interstellar matter, 

it is important to examine the properties of the dust clouds. Such research can help 

scientists further understand the origins of solar systems and thus, the origins of 

potential habitats for life. Studying and understanding the composition of these dust 

clouds is fundamental in understanding the planets and stars that will eventually 

form. The molecular makeup of the cloud in which these stars and planets form 

influences that of the raw materials for planet formation and thus potential for 

hosting life. Ultimately, such investigations will help to determine the universality of 

potentially life-hosting planetary systems. Origins of life and extra-terrestrials is a 
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topic that often interests middle-school students, so by using this topic to introduce 

astronomy scientists and educators are able to hook students’ interest. 

 
Figure 1.1: Step-by-step guide to star and planet formation from an interstellar 
cloud (Constructed by Mark McCaughrean at the Astrophysikalisches Institut 
Potsdam). 

 
Through understanding the composition of a dust cloud, astronomers can 

better predict and understand its ability to host life. First; however, the components 

of these clouds must be made identifiable. Evaluating the makeup of the interstellar 

medium is performed by using stars located behind the clouds. Stars located behind 

dense dust clouds are a valuable resource because they give astronomers a target 

upon which to study the clouds by using spectroscopy. Extinction by dust dims the 

light of the background stars, and clarity only near stars, astronomers can study the 

composition of the gas and dust in the cloud from the presences of absorption 

features, which can be ionic, compound, or molecular. Observations in the near to 

mid-infrared allow studies of these features to be extended to dense molecular 
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clouds where visible studies fail. This research can also be presented to middle 

school students in a way that would interest them and encourage them to do their 

own inquiry research. 

Section 1.2: Background and Nomenclature 

 In order to understand the approach and method used in this study, some 

background and nomenclature used in observational astronomy and research 

education should be clarified first. This section will aid in the understanding of 

astronomy terminology and concepts for educators and conversely, education 

terminology and concepts for scientists. 

Section 1.2.1: Astronomy 

 Photographs of dense star fields in the Milky Way galaxy show dark 

areas in which it seems there are no stars. There are two possible explanations for 

these areas: that they indeed do not contain stars or that the stars are blocked from 

sight. Upon closer examination of these dark areas, stars are present but their light 

is filtered. It is now known that there are, in fact, stars present in these areas, but 

humans are unable to see them because of interference by the intervening 

interstellar medium. The ISM contains both gas and dust and persists throughout 

the Galaxy. Dense regions are known as dust clouds and contain the environments 

in which stars form. Stellar evolution is a major source of dust in a galaxy. In the 

early stages of stellar formation, a dust cloud will spin increasingly faster; this 

increasing speed will thin and flatten the cloud while continually collapsing at the 

core. Inside the core of the cloud, the pressure increases as its temperature 

increases until reaching the point of nuclear fusion. Dust is expelled in the outflows, 
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a release of gas and dust from the poles of the center of mass during star formation, 

and is blown off due to stellar mass loss. This dust and gas is recycled back into the 

interstellar medium.   

The dust includes micron-sized silicate particles, sometimes encased within 

an ice mantle. This ice is often composed of H2O, CO, or CO2. Because of its size, these 

particles are very good at absorbing visible light. When observed in longer 

wavelengths of the electromagnetic spectrum, however, the light from these stars is 

detectable. Electromagnetic radiation emitted by the dust is detectable in the far 

infrared, a subsection of the infrared, while also molecular line emissions are 

detectable from the gas using radio astronomy. It is also evident that this extinction 

of light is not localized to these dark regions, but occurs throughout the disk of the 

Galaxy, which is pervaded by the ISM.  

 Extinction occurs when electromagnetic radiation interacts with a medium 

containing small particles. The radiation’s intensity is reduced by absorption and by 

scattering. Absorption is the process by which the energy of the photon is 

transferred to the particle, which becomes heated. Scattering occurs when the 

photon is deflected from its path by its interaction with the particle. Dust particles of 

the ISM are not uniform in size and the particle’s size determines its ability to 

scatter or absorb a photon of a given wavelength. Since scattering is more efficient 

at shorter wavelengths the light appears red. This is the same process whereby 

sunsets appear red on Earth. Observing a source through two color filters and then 

calculating the color excess can measure this reddening. For example, the Two 

Micron All-Sky Survey (2MASS) provides photometry in three filters, J (1.25 
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micrometers), H (1.65 micrometers), and K (2.17 micrometers), for which the color 

excesses would be  

EJ-H = (J-H) – (J-H)0 

EH-K = (H-K) – (H-K)0 

Where (J-H) or (H-K) and (J-H)0 or (H-K)0 are observed and intrinsic color indices, 

respectively. As the extinction will be greater at shorter wavelength and magnitudes 

increase numerically for dimmer stars, J will be numerically greater than H; 

therefore, EJ-H will be positive for reddened stars and zero for unreddened stars, 

similarly for EH-K. Intrinsic colors are determined using a variety of methods (Itoh et 

al. 1996) while observed colors are measured using telescopes and satellites. The 

relationship between total extinction at a given wavelength and corresponding color 

excess depends on the wavelength dependence of extinction, or the extinction curve. 

See chapter 5 for further explanation. 

 Scientists probe the information from these clouds using infrared and radio 

photometry and spectroscopy. Infrared light is electromagnetic radiation in the 

wavelengths of 800 nanometers to 300 micrometers. This range is often called “heat 

vision” as it allows scientist to see the temperature of an object. Using Wien’s law, 

temperatures which are best observed in the infrared can be determined; usually 

between 10 and 3500 kelvin. Some of the information carried by the 

electromagnetic spectrum arises in the formation of spectral lines, as absorption or 

emission. Then the chemical and molecular composition of the dust cloud can be 

ascertained through spectroscopy. 
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Section 1.2.2: Education 

 Inquiry education is a student driven method of teaching, which revolves 

around asking questions. This approach to education is analogous to scientific 

research methods. In inquiry education, students are encouraged to ask themselves 

questions, which are meaningful to their work or topic, and may not easily arrive at 

answers. Teachers must avoid giving answers in many cases and almost never give 

direct answers. Instead teachers use probing questions to guide the students in their 

learning and exploration of the topic. The inquiry method is motivated by Postman 

and Weingartner's recognition that “good learners and sound reasoners center their 

attention and activity on the dynamic process of inquiry itself, not merely on the end 

product of static knowledge” (Postman and Weingartner, 31–33). This is the same as 

in science research; researchers center their activity on the process of discovery. 

Scientists do not hope for a particular answer, which would introduce bias or could 

skew the results, but allow the data and smaller questions to guide them to the 

answer. Teachers practicing the inquiry method to educate must behave differently 

from a traditional teacher in many ways, which may make inquiry methods difficult 

to follow. Postman and Weingartner suggest that inquiry teachers have the following 

characteristics or follow these principles (pp. 34–37): 

 They avoid telling students what they "ought to know". 

 They talk to students mostly by questioning, and especially by 

asking divergent questions. 

 They do not accept short, simple answers to questions. 
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 They encourage students to interact directly with one another, 

and avoid judging what is said in student interactions. 

 They do not summarize students' discussion. 

 They do not plan the exact direction of their lessons in 

advance, and allow it to develop in response to students' 

interests. 

 Their lessons pose problems to students. 

 They gauge their success by change in students' inquiry 

behaviors (with the above characteristics of "good learners" as 

a goal). 

Further, they write that certain characteristics are common to all good learners 

(Postman and Weingartner, 31–33), saying that all good learners have: 

 Self-confidence in their learning ability 

 Pleasure in problem solving 

 A keen sense of relevance 

 Reliance on their own judgment over other people's or 

society's 

 No fear of being wrong 

 No haste in answering 

 Flexibility in point of view 

 Respect for facts, and the ability to distinguish between fact 

and opinion 
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 No need for final answers to all questions, and comfort in not 

knowing an answer to difficult questions rather than settling 

for a simplistic answer 

When examining Postman and Weingartner’s characteristics of a good learner, it 

seems that the list of characteristics could also describe a good science researcher. 

Skills like problem solving, having a flexible point of view, and a good sense of what 

is relevant to a topic are vital to science research. These characteristics are valuable 

for students as well, if encouraged to think this way earlier in their academic career. 

It is for these reasons that science research lends itself quite well to and seems an 

easy fit to be explored through inquiry education. 

 Research in inquiry education has five main approaches, which are: narrative 

research, phenomenology, grounded theory, ethnography, and the case study. 

Narrative is an approach in which understanding/researching the way people find 

meaning in their lives or work is the focus. Narrative inquirers are not so much 

interested in what happened, but more emphasis is placed on the meaning people 

obtain from those events. Phenomenology is similar to narrative, but instead of 

focusing on the individual, it focuses on a group. Phenomenologists focus on 

describing the factors and characteristics all participants have in common as they 

experience a phenomenon.  

Grounded theory’s intent is to go beyond a description and to generate or 

discover a theory. It operates almost in a reverse fashion from traditional research 

and at first sight, may appear to be in contradiction to the scientific method. Rather 

than beginning with a hypothesis, the first step is data collection through a variety 
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of methods. From the data collected, the key points are marked with a series of 

codes, which are extracted from the text. The codes are grouped into similar 

concepts in order to make them more effectively analyzed. From these concepts, 

categories are formed, which are the basis for the creation of a theory, or a reverse 

engineered hypothesis.  

Ethnographers focus on an entire cultural group. Sometimes a group may be 

small (a few teachers for example); this is called microethnography.  Ethnographers 

are interested in studying how a group shares the same processes, actions, or 

interactions and how they develop a shared pattern or behavior, beliefs, and 

language. Case study research involves the study of an issue explored through one 

or more cases or occurrences within a bounded system (Creswell, 2006). 

 In the education research component of this research project, the author 

used microethnography, grounded theory, and case studies. These theories fit the 

research best according to how the data was collected and analyzed. Each teacher 

will be a case study of how they and the scientist interact. The author will then use 

microethnography to describe and interpret the patterns shared amongst the 

teachers about inquiry methods in astronomy education. Using the data collected 

from these will lead the author to a theory of if and how teachers and scientists 

work together.  

Section 1.3: Properties of DC314.8-5.1 

 DC314.8-5.1 (hereafter shortened to DC314) is a dark cloud of interstellar 

gas and dust. It has some unique and unusual properties, which identify it as a 

particularly promising region for study. Table 1.1 lists some of the properties for 
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DC314. Currently it is speculated that there is little to no star formation in DC314 

(Whittet, 2007); however, this study hopes to fully explore the question of whether 

DC314 is forming stars. Further, this study will lead to a catalog of background stars 

(see Table 5.4) that will present viable candidates for spectroscopy. Spectroscopy 

will allow scientists to understand the molecular composition of DC314 and also 

how the nearby B-type star, HD 130079, affects the chemistry of the cloud. DC314 

has very little foreground extinction, which implies that almost all of the extinction 

and reddening of objects toward the cloud is occurring within the cloud itself. 

Therefore, DC314 could provide an excellent site in which to study the properties of 

interstellar grains under the influence of radiation from HD 130079. Contemporary 

research into the irradiation of grains by stars typically considers stars which are 

formed inside of the cloud being studied. DC 314 is different in that HD 130079 has 

no association with DC 314 besides its proximity (Whittet, 2007). 
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Figure 1.2: Radiation from a field star having an initial intensity, IV0, passes through 
a dust cloud and suffers extinction. An instrument measures the radiation, Iv, from 
the star. The star located behind the cloud is called a field star while the one located 
inside the cloud is called an embedded star. DC314 is a special cloud in which a B-
type star is located very close affecting the chemistry inside.   
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Table 1.1: 
 
 Properties of DC 314.8-5.1 
 

 
Adapted from “A Study of the Isolated Dark Globule DC 314.8-5.1: Extinction, 
Distance, and a Hint of Star Formation” by D. Whittet, 2007 The Astronomical 
Journal, 33 (2). Copyright 2007 by AER. Adapted with permission. 
 

Section 1.4: Teaching Astronomy Using Inquiry Methods 
 

 Franknoi (1996) shows that K-12 teachers rarely present astronomy to their 

students; it is not until selected advanced high school courses or, more often, not 

until college that most students are exposed to the intricacies of the field. Much of 

astronomy education takes place outside of the classroom and focuses only on the 

“three big ideas” (Plummer & Zahm 2010). According to the national education 

standards, the three big ideas in astronomy for K-12 students are the seasons, lunar 

phases, and the day/night cycle, which while important are considered more Earth 

science than astronomy. This is one reason that for many students astronomy is 
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only presented one week in a semester long Earth science course. A myriad of 

research has been conducted in science education and it has been shown that 

inquiry is often the best method for teaching science. Inquiry lends itself nicely to 

sciences like biology, chemistry, physics, or geology. Akerson et al. (2007) argues 

that a common perception is that astronomy does not lend itself well to inquiry 

education. It is the author’s belief; however, that this perception can be challenged 

through the right lessons and willingness by both teacher and students to learn. 

Through the author’s graduate research in astronomy, the author has used inquiry 

methods often to formulate research studies. Such a useful approach can be used in 

the field of science education to the benefit of students, especially those in the early 

stages of their education. 

 If inquiry methods are applied to astronomy education, then astronomy can 

be brought into the classroom at a younger age. Students would develop problem-

solving and critical thinking skills earlier in life and learn the methods of conducting 

research. These skills would help them later in college or in their career. Astronomy 

is a field of science that is extremely multidisciplinary in nature and makes it 

necessary to work with scientists and researchers in different fields of study. 

Teaching students astronomy using inquiry methods will help them to learn how to 

work well with others, especially those in different fields or with different interests 

by finding a common ground. Further, by using data from NASA and the author’s 

astronomy research, the students will learn to analyze scientific data from NASA 

missions, work within a database system, and see how a research scientist would 

work. Moreover, through using inquiry as the method of teaching astronomy, 
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students’ curiosity is encouraged, while they gain the satisfaction of formulating 

their own questions, and then find out why certain things work the way they do. 

Section 1.5: Plan of Action 

 It has been shown in the previous sections the importance of understanding 

the interstellar medium and star formation to the science of astronomy, and 

methods of bringing astronomy research into the classroom using inquiry. The 

selected example, DC314, is a dust cloud of great interest that requires further 

investigation using spectroscopy. The methods used to study the cloud can be 

adapted to create an inquiry based astronomy lesson for middle school students. 

The two components of the study are related through the common idea of inquiry to 

investigate scientific phenomena, then to bring this process of investigation into the 

classroom to build excitement around science education and a deeper 

understanding of astronomy for middle school students.  

 First, the author surveyed DC314 using 2MASS, IRAC, and WISE data, to 

analyze the data to identify and characterize field stars that are both highly 

reddened and bright enough to be suitable targets for spectroscopy. Then the author 

created an inquiry lesson that allowed students to use similar techniques using data 

from a well-understood dust cloud, the Rho Ophiuchi cloud complex. This lesson 

was presented to multiple teachers who used their classroom experience to help 

arrange the lesson and tailor it to their students’ unique characteristics. Next, the 

lesson was presented to the students using inquiry methods. Afterwards the 

teachers and scientist discussed the lesson and how it could be improved to ensure 

continued use in the classroom. Through the combination of both the scientist’s and 
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teacher’s experiences and knowledge, all the necessary steps were taken to ensure 

that the lesson was both innovative and easily understood by the students.  
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Chapter 2 

Astronomy in Middle-School Education: A Literature Review 

Section 2.1: Introduction 

 This literature review came about as a method for the author to fully 

understand how astronomy is taught in middle school and to see how middle school 

students and teachers accept astronomy. Further, the author would like to see how 

teachers and astronomers work together to create lessons for the students. 

Teachers are experts in education; while, astronomers are experts in their fields of 

research. The two should work together in order to create the best possible 

education material for students. Articles for this review came from the literature 

focusing on post 1990 (with 2 articles coming before that year), as this is the time 

that astronomy education seemed to really branch off from science education as an 

independent field of study. 

This literature review will be organized using a broad to narrow approach. 

With that this review will first discuss the history of astronomy education research, 

followed by a discussion of science education standards and where astronomy fits in 

with those standards. Next the author tries to understand where astronomy 

education is taking place and how educators are teaching astronomy. Further, the 

author reviews the question how can scientists and teachers work together to help 

create better astronomy lessons that can be used in the classroom? Finally, the 

review discusses the use of inquiry methods to teach astronomy and using real data 

provided by NASA space missions in the classroom. 
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Although astronomy is considered to be one of the oldest sciences, 

astronomy education research is in its infancy. Before 2001, research in astronomy 

education was sparse. This all changed in late 2001 when the journal Astronomy 

Education Review (AER) was first published. Now researchers have a common place 

to submit journals and read other’s works. “Contrary to tradition, the editors at the 

AER are currently posting articles immediately upon completion of the review and 

editing process, meaning that authors (and readers) do not have to wait to see the 

results in print (S. Wolff 2002, personal communication)” (Bailey & Slater, 2003). 

Upon the review process being completed articles can be found online at 

http://aer.aas.org/. While many fields may consider online journals sub-par to print 

journals; this is not the case in Astronomy Education. As the online journal articles 

go through the same scrutiny as print articles, but online access allows for quicker 

release to those who are interested.  

Bailey and Slater (2003) did a large review of astronomy education research, 

but their main focus was on “studies that attempt to systematically analyze issues 

such as student conceptions on a topic or the effectiveness of a particular 

instructional or curricular intervention…” (Bailey & Slater, 2003) and not on 

“…descriptions of innovative activities, curricula, or instructional techniques” 

(Bailey & Slater, 2003). This review will focus on instructional techniques in 

astronomy. By better understanding what methods allow for the improvement of 

astronomy education educators are able to determine what methods they should 

use to teach astronomy to middle school students. Bailey and Slater (2005) also did 

another literature review analyzing the three largest misconceptions in astronomy; 
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the shape of the Earth, what causes phases in the Moon, and why stars move as time 

progresses. These misconceptions usually stem from an incomplete understanding 

of the scientific process or a simplest explanation approach. Further, astronomical 

objects are very difficult for humans to sense and therefore humans will over 

generalize what they are seeing. However, in either review the authors did not 

discuss methods of fixing the problems they found. This dissertation hopes to show 

that the best method of astronomy education is to give students real data which 

scientists are gathering en masse every day and show them how astronomers are 

using this data in their research. Further, allow students to visit astronomers or 

have astronomers visit students to form long-term bonds that will get students 

interested in both college and careers in science and astronomy. 

Section 2.2: History of Astronomy Education Research 

 The goal of this literature review is to further understand how astronomy is 

presented in the classroom to grades 5 through 9 as well as developing a better 

understanding of the ways educators find and select their lessons. The author hopes 

to learn about whether teachers are aware of or are able to access alternative 

lessons provided by scientific institutions such as NASA. This dissertation would like 

to further investigate and answer the question: “How can scientists and teachers 

work together to use NASA data in lessons for the middle school classroom?”  

Currently the largest focus of astronomy education research is the study of 

students’ perception of the Earth’s shape, the Moon phases, and the four seasons 

(Bailey & Slater, 2005). For example, often students would describe the shape of the 

Earth as “round,” but with more probing, researchers begin to understand that 
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“round” actually had more of the implications of a spherical shape, than just a two 

dimensional circular object. However, the majority of science education literature 

shows that only a few astronomy-specific topics such as Earth’s shape, Earth’s 

seasons, and planetary orbits have been researched in-depth (Bailey & Slater, 2005). 

Such a narrow focus only covers a small portion of the subjects and concepts that 

can be demonstrated using the solar system and space. Some possible topics that 

can be covered for middle school students that involve astronomy are the study of 

life in space, stellar evolution, how new stars and planets are formed, exoplanets, 

and cosmology, the study of how the universe and galaxies formed. These are just a 

few topics that could be discussed in middle school to get students interested in 

astronomy. 

 There have been studies comparing and contrasting the constructivist 

method, which argues that students learn from doing and traditional approaches to 

astronomy education where students learn from lectures and discussion (Ward, et 

al., 2008). Specifically studies of astronomy education in inquiry methods, which are 

constructivist, versus explicit instruction methods of teaching which is a traditional 

approach (Hall & Sampson, 2009; Marshall & Horton, 2008; Akerson et al., 2007). 

Akerson et al. (2007) examined the effect of guided inquiry versus explicit 

instruction in the K-6 classroom. Guided inquiry is when the teacher provides 

students with only the research question and students must design the procedure to 

test their question and then give explanations of the results.  Explicit instruction is a 

systematic instructional approach that includes set of delivery and design 

procedures derived from effective schools research merged with behavior analysis. 
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The results of Ward et al. showed that constructivist methods are superior to 

traditional methods in the 4-6 grade level.  

 The Ward et al. (2008) study was conducted by using 750 students in grades 

3-6 who were given affordable equipment to carry out a set of both indoor and 

outdoor hands on, discovery based activities. The 750 students used the astronomy-

based physical science curriculum called Project ARIES. These students were 

compared to 650 4-6 grade students, the control group, who were taught through a 

series of open ended assessment measures, using a pre- and post-test format. The 

two groups were compared using three modules: Exploring Time, Exploring Light 

and Color, and Exploring the Earth in Motion. The comparison was a collaborative 

effort with an internal staff and an independent external assessor. To compare the 

students were given a 17 question pre- and post-test from each module in the ARIES 

project. The major statistical test the ARIES group used was a paired comparison t-

test. Both groups showed a gain in knowledge, with the group using Project ARIES 

having a larger gain. The authors concluded that Project ARIES and constructivist 

methods are a great method for teaching physical science and space science topics 

to middle school students. However, the researchers admit that further funding 

could be used to help control more variables such as: demographics, selection of 

teachers, teacher qualifications, background, teacher experience, and school/district 

factors such as size. Project ARIES is a valuable resource for science educators to use 

to introduce astronomy into the classroom in a way that teachers find non-intrusive. 

With requirements to teach physical science standards in current curricula, Project 
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ARIES serves as a tool to expand upon the necessary topics while using astronomy 

to demonstrate them. 

 Hall and Sampson (2009) looked at inquiry and argumentation to teach 

phases of the Moon to seventh grade students. The students were given a research 

question and a goal, but were not informed about what to do or how to reach that 

goal or answer that question. Once each group of students had come up with their 

explanation they formed an argument to convince the other groups of why their 

explanation of the answer was the correct explanation. The students then presented 

their findings and wrote a report. While this method of teaching astronomy is 

interesting, one can see some problems arising with agreement on a wrong answer 

and classroom politics. For example, if the entire class agrees that one explanation is 

correct when in reality it is not then the students may have a problem unlearning 

the incorrect answer and learning the correct answer. However, the teacher could 

guide the students to the correct explanation through guided inquiry. Further, 

educators have to make sure that some groups of students are not chosen as correct 

purely on non-merit issues like popularity. A shy group may have the correct 

answer, but do not present as well or are not as well liked as other groups. Further, 

what about an argument that has no substance, but the students speak the loudest 

or with great charisma. This does not mean their ideas are correct. Is there a way for 

a teacher to correct this problem? This was something the study did not look into, 

but may be of interest in further research. 

 Experienced astronomy researchers have the valuable scientific knowledge 

that is necessary to bring into the classrooms, but often find it difficult to translate 
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such complex subject matter into a form that middle school students can 

understand. At the same time, science teachers have the experience and knowledge 

necessary to teach the age group in question, but often find it difficult to introduce 

new subject matter, having to find time to learn it themselves, and then teach it in 

class. In 1977 Jeanne Bishop said, "It seems essential that experienced astronomy 

teachers and astronomers should work together, with equal responsibility, to 

develop accurate, up-to-date, but practical and interesting readings and activities. 

Neither of these groups can develop effective programs alone" (Bishop, 1977). 

Bailey and Slater (2003), in their literature review, agree that the largest missing 

part of astronomy education research is in the field of practice-theory connection. 

The theories about teaching methods for astronomy are constantly being developed 

and are easily available through journal articles and workshops. Education 

researchers have used quantitative, qualitative, and mix-method approaches to 

better understand how astronomy should be taught in middle school. Also, 

astronomers have often made recommendations on what astronomy topics should 

be part of the national standards. The two sides get together at workshops and 

meetings to discuss with each other, what should be done to ensure that astronomy 

is taught in schools. The field of astronomy will not grow and expand without new 

generations excited about science and at the same time, students need to be taught 

the exciting new astronomy topics to pique their interest at a young age. The 

partnership between research scientists and science educators is mutually reliant 

on one another and needs to be recognized as such. 
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One of the goals of NASA (National Aeronautics and Space Administration) is 

education and public outreach. As a part of every mission, NASA does outreach and 

often also releases lessons for teachers to use in their classroom, which involve the 

science behind the NASA mission. For example, the latest NASA mission, WISE 

(Wide-field Infrared Survey Explorer) is an infrared telescope that is looking for 

new stars and raw materials that will eventually make stars. As part of this mission 

NASA released a group of lessons that are tailored to middle school classrooms. 

These lessons are designed “to train WISE Educator Ambassadors in authentic 

infrared astronomy research, create standard-based curriculum on exciting topics in 

infrared astronomy, engage students and the public in asteroid research, develop 

programming for museums and science centers, and engage the public in WISE 

science” (Méndez, 2008). Among teachers that the author has spoken to, the largest 

problem with the NASA lesson plans is the difficulty of finding them online. Further, 

many teachers did not even know that NASA creates and publishes lessons for their 

missions. Not all teachers get the chance to attend conferences or workshops where 

NASA tells teachers about their lessons.  NASA can do a better job of making the 

lesson plans available to teachers. When talking to teachers one of the complaints 

received most often is the time commitment needed for a teacher to find and test a 

new lesson. NASA has recognized this deficiency and started by creating a website 

called MY_NASA_DATA that gives teachers access to Earth science data from NASA. 

However, there is currently nothing like this for astronomy data. The creation of a 

simple website that allows teachers to download data from previous NASA missions 

would help increase the interest in astronomy in the classroom. NASA plays a large 
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part in astronomy education in the United States, through the use of their lessons 

teachers and scientists can meet on a common ground to educate future generations 

about the wonders of space and the vastness of what is left to discover.  

Section 2.3: Education Standards 

 "All states and schools will have challenging and clear standards of 

achievement and accountability for all children and effective strategies for reaching 

those standards" (National Research Council, 1996). These standards are what the 

United States government has deemed required to know and understand as 

students’ progress through school. According to the Department of Education the 

standards have seven main goals. They are to ensure that lessons:  

 Area aligned with college and work expectations;  

 Are clear, understandable and consistent;  

 Include rigorous content and application of knowledge through high-order 

skills;  

 Build upon strengths and lessons of current state standards;  

 Are informed by other top performing countries, so that all students are 

prepared to succeed in our global economy and society;  

 Are evidence-based. 

The national standards are purposefully vague and it is therefore left to each state to 

come up with their own state educational standards that follow the national 

standards. These standards vary from state to state.  

A study by Morrow (2002) showed that scientists commonly have seven 

misconceptions about the national standards. These misconceptions are: 
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1. “The NRC Science Standards are required for all schools.” The national 

standards are broad topics and each state interprets these topics differently. 

Further, each school district can interpret the state standards differently. The 

standards are more of a guideline of what students should know upon 

completion of a certain grade, but these lessons vary by state. 

2. “The National Science Standards are a list of scientific facts students should 

know.” The standards are much more than a set of facts that students must 

memorize. The standards also include methods of teaching and assessment. 

For example, the national standards recommend an inquiry method to 

teaching science. 

3. “Standards-based methods of science teaching are consistent with the way 

most of today’s scientists learned science in school.” Many current scientists 

grew up learning science using traditional methods; that consist mainly of 

lectures, memorization, and textbooks. However, these methods may not 

work with students who will not grow up to be scientists. Therefore, the 

national standards advocate using inquiry methods to teach science. 

4. “’Standards-based activities’ are equivalent to ‘hands-on activities.’” Hands-

on activities are not enough to meet the national standards; further hands-on 

is not the same as inquiry. Table 2.1 gives an example that explains the 

differences. Hands-on is necessary, but not sufficient for inquiry teaching. It 

is also possible for an activity to be hands on and not meet the standards. 
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5. “The NRC standards apply only to curricular materials.” The standards also 

include methods for teacher professional development. The standards are 

not only about material, but how to properly teach the material.  

6. “Scientific research topics are easily linked to standards, and thus a K-12 

education product or activity that is ‘standards-based’ or ‘aligned with 

standards’ is easy to create.” Creating new lessons is not only about the 

topics, but how to teach those topics to the students. “To align a lesson with 

the standards requires awareness of the research about how students learn, 

what misconceptions they commonly have, how their capabilities change 

with age, and what instructional and assessment methods work best--all of 

this in addition to a deep understanding of the fundamental science being 

taught by the lesson (Morrow, 2002).” 

7. “Practicing teachers generally know all about the standards and how to apply 

them.” Many things go into being a good teacher. For example, teachers know 

how to handle a classroom of active young people while also knowing what 

methods of teaching works best for their students. Although, teachers are 

trained in methods of adapting ideas into lessons they may not be trained to 

consciously know how to apply the standards in their lessons.  

These misconceptions were gathered from working scientists through conducting 

presentations and discussions at the Space Science Institute’s annual workshops for 

scientists on K-12 education, working with scientists in partnership with educators 

to develop an educator guide related to a NASA planetary science mission, and from 

interacting with scientists who are consulting with the Space Science Institute to 
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help prepare education and public outreach segments to research proposals for 

NASA Office of Space Science programs. 

This is important, because we ask these scientists to assist teachers in coming up 

with lessons for their classroom. Among many teachers this author has spoken to, 

teaching the standards in a set time (usually eight months in the United States) was 

cited as one of the most difficult parts of their job. In order for teachers to feel 

comfortable enough to introduce new lessons into their classroom, the lessons 

should serve as replacements for old lessons but still cover the same national and 

state standards.  

Recently there have been increasing numbers of teacher development 

workshops that attempt to bridge the gap between teachers and research scientists 

in order to facilitate discussions about current research topics and create lessons 

that would bring these topics to the classroom (Schultz et al., 2008). One problem 

with the standards is that they often only contain requirements for the “big ideas” in 

astronomy. The big ideas include, planetary orbits, seasons, and Moon phases. One 

idea discussed by Ward is to use astronomy to teach physical science (Ward, 2008).  

This would allow for the required standards to be covered, while also teaching 

astronomy concepts that may otherwise be overlooked. Teachers agree that 

astronomy topics are often the most fascinating to students in middle school, which 

allows for an easy hook (Sadler et al., 2009). The problem is using these astronomy 

topics to teach the required standards. 

The only national content standard requirements relevant to astronomy are: 

 K-4: Objects in the Sky, Changes in the Sky  
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5-8: Earth's History, Earth in the Solar System  

9-12: Origin/Evolution of the Earth System, Origin/Evolution of Universe 

 
Even though the recommendations made by the AAS (American Astronomical 

Society) are as follows: 

K-4: Add the relation of light and stars; comparison of motions of terrestrial 

and celestial objects.  

5-8: Add stars as sources of energy, heat and light; role of gravity in guiding 

solar system motions; Geological properties of Earth compared with other 

planets.  

9-12: Leaping to origin of universe in context of Earth sciences/planetary 

systems is shallow; in physical sciences, add role of gravity in driving 

evolution of physical universe and concepts of gravitational, kinetic and 

radiant energy (Pasachoff, 1998). 

These recommendations were made by research astronomers, but never 

implemented. One potential reason for this lack of implementation is the difficulty of 

explaining these complex topics in the given class time as well as presenting the 

topic in ways that suit the grade level. This is another reason that teachers and 

scientists need to work together to ensure that astronomy topics are properly 

implemented in the middle school classroom. 

Section 2.4: Using Astronomy to Teach Physical Science 

 Project ARIES is one example of using an astronomy-based curriculum to 

teach the physical sciences such as chemistry and physics (Ward et al., 2008). This 

approach was shown to have a neutral to positive effect on the students’ 
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understanding of the necessary concepts in these fields. Using astronomical 

concepts, teachers were able to use the solar system and its planetary objects to 

demonstrate the physical concepts of gravity, light, the chemical makeup of the 

planets, and the building blocks of life.  Some examples at different levels may be 

pressure and nuclear fusion. Velocity, momentum and forces can be described in 

terms of comets and meteors. Students may be able to better understand certain 

topics because they are visible to them. For example, fusion is what powers the Sun 

and brings energy to Earth. Astronomy fits in naturally with physics and there is 

even a branch of science called astrophysics. However, in K-12 schools astronomy is 

part of Earth Science. Many researchers believe that astronomy is more related to 

physics than to Earth science. 

 Percy (1995) has stated that astronomy is not more effectively used within the 

science curriculum for several reasons: 

1. Few teachers, especially at the elementary level, have any training in 

astronomy.  

2. Teachers think that astronomy must be technical and mathematical and that 

it requires elaborate teaching equipment.  

3. Simple, inexpensive "hands-on" activities are needed, preferably ones that 

get around the problem that "the stars come out at night, the students do 

not."  

4. Inappropriate teaching techniques fail to address students’ ingrained 

misconceptions about physical and astronomical phenomena. 
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Some physical science concepts that are taught that could easily be taught using 

astronomy concepts include: light and color, sources, transmission, uses of energy, 

wavelength, motion of objects under forces, gravity, etc. By using astronomy to aid 

in teaching physical science concepts educators are introducing students to another 

possible career opportunity.  

Why astronomy? Astronomy is a science that does not have as many pre-

requisites to understanding as other sciences. Astronomy is the oldest science, since 

man has looked up they have wondered about the sky. Further, astronomy is a 

quickly growing field of science. Astrobiology is the study of life in space. One 

amazing aspect of astrobiology is its multidisciplinary nature. Astrobiology is a mix 

of astronomy, biology, geology, and chemistry. In middle school teachers often 

encourage students to work together in groups and astrobiology allows educators to 

show students why it is important to be able to properly work in groups. 

Astrobiologists who do research are required to be able to work with people outside 

of their field and therefore must be able to explain complicated topics in their field 

to those who are not in their field or do not have their level of knowledge. The 

people who best understand a topic are able to explain that topic to others. 

Section 2.5: Where is Astronomy Taught? 

 Since the standards are rarely taught using astronomy and astronomy 

knowledge among middle school teachers is limited (Bednarski and Larsen, 2008), 

where are students getting their astronomy knowledge? Like our ancestors, young 

students see the Sun rise and set as well as the Moon and stars at night. This often 

leads to questions that students will ask their parent or guardian. The problem 



  

37 
 

arises when the parent or guardian has a limited knowledge of astronomy and 

cannot give a correct answer or instead gives a wrong answer. For many the best 

places to gain astronomy knowledge are in schools, museums, or 

planetariums/observatories. It has been shown that while teaching astronomy in 

schools would be ideal, it is often expensive or impractical. This leaves science 

museums and planetariums/observatories. Many people are getting their 

knowledge of astronomy from the Internet, television, and movies, which are not 

always accurate. However, getting that initial interest is important and then 

correcting the misconceptions comes next. Movies and television are notorious for 

making science mistakes, such as explosions in space or how often large asteroids 

impact Earth. However, there is also a current movement by many experts to help 

clear up astronomy and science misconceptions to the public. Some leaders in this 

include Dr. Neil deGrasse Tyson of the Museum of Natural History in New York City 

and Phil Plait of the internet Blog “Bad Astronomy.” These are just two examples of 

people who write books and make television appearances to state facts and to help 

the public understand what is really happening in science and astronomy. 

 There is also a large collection of amateur astronomers in all communities 

who have been shown to be both knowledgeable in their field and willing to teach to 

the community. Storksdieck et al. (2002) has shown that many amateur 

astronomers regularly serve their communities as informal astronomy educators. 

Further, the outreach done by the amateur astronomy community is frequent and 

helpful. It is possible for teachers to reach out to them and have them come to their 

classroom to show students about astronomy. 
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 The number of planetariums in the United States has grown since World War 

II because of the invention of the computer. Currently there are at least 120 

permanent planetariums in the United States alone. In 2009, Microsoft Research and 

Go-Dome partnered on the Worldwide Telescope Project, whose goal is to bring 

sub-$100 planetariums to small groups of school students as well as provide 

technology to make larger planetariums less costly. The future of learning 

astronomy outside the classroom looks bright; however, people should not rely on 

education to take place outside the classroom (informal education). Every student 

does not have the opportunity to visit places outside the classroom to learn about 

astronomy. Students are only required to go to school and therefore teachers should 

be heavily relied on to teach astronomy. 

Section 2.6: Teaching the Teachers 

Previous research on current and pre-service elementary teachers has 

shown that many elementary teachers hold the same misconceptions about 

astronomy concepts as are found with their elementary-aged students. Examples 

include what causes seasons or what causes the Moon to have phases. Some 

students and teachers believe that the distance the Earth is from the Sun causes 

seasons. They believe that in the summer the Sun is closer to the Earth and in the 

winter the Sun is farther. The problem with this thinking is that when one 

hemisphere has summer the other has winter, yet the Earth is the same distance 

from the Sun for both hemispheres. Some misconceptions about the phases of the 

Moon include that the phases are caused by the Earth’s shadow or that the Moon 

creates its own light. Everyone has seen the Moon and it is a great chance for 
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teachers to clear up misconceptions as all students can see the Moon. Investigation 

of teachers’ astronomical knowledge found that, while middle school and high 

school teachers show a greater understanding of astronomy than elementary 

teachers and the average college student, secondary science teachers still fall short 

of proficiency on standard Astronomy 101 concepts (Plummer and Zahm, 2010). 

Astro 101 (http://astronomy101.jpl.nasa.gov/) is a program “devoted to 

improving teaching and learning in Astro 101 by conducting fundamental research 

on student beliefs and reasoning difficulties related to astronomy, and instructor 

implementation difficulties related to teaching astronomy” (Brissenden, 2011).  On 

the website teachers are able to find material that they can use in their classroom to 

teach astronomy topics and maybe even discover new teaching strategies. Further, 

teachers can attend workshops and request guest lectures from local astronomers 

who volunteer to help teachers. 

Miranda (2010) found that teachers in urban middle schools have a 

preconceived notion that their students lack the ability to succeed in astronomy and 

the teachers allow this to affect their instruction decisions. Teachers may be weary 

of teaching astronomy because either they do not understand the concepts or they 

are afraid their students will not understand the concepts. These teachers are failing 

without trying out of fear. Of course, scientists can help reduce this fear by creating 

a partnership with teachers and guiding teachers through astronomy concepts. 

Through the study Miranda (2010) found that given the chance students were able 

to grasp many of the astronomy concepts like any other science.  
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Section 2.7: Educator-Scientist Partnerships 

 Increasing numbers of trained astronomers are using their experience to 

create labs and exercises that can be used by teachers in the classroom. Often these 

lessons are created through joint cooperation. One example of this is the work being 

done by the University of Nebraska-Lincoln (http://astro.unl.edu/). The group has 

created applets that show different concepts in astronomy that can easily be 

manipulated by students and used as teaching aids by teachers. Their examples 

range from simpler topics like planetary motion to more complicated ones like 

Hertzsprung-Russell diagrams. These models accurately describe astronomical 

phenomenon and allow students to change variables that affect how the phenomena 

behaves. 

 One complaint amongst teachers about lessons created by scientists is that 

too often the reading level is too high. Without aid from educators scientists may 

use vocabulary or jargon that is above the grade level of the students the scientists 

are teaching. Many times lessons are designed for “K-12” students, but this is nearly 

impossible. Lessons should be created for K-3, 4-6, 7-9, and 10-12 students. It is 

impossible to create one lesson that is beneficial to all grade levels simultaneously 

without being either too simple or too complex. What is easy for a high schooler 

may be impossible for a middle school student. We depend on teachers to take the 

lessons and edit them for their classroom, but often teachers do not have enough 

time to do this. More and more teachers are relying on “classroom ready” lessons. 

 Working with a professional astronomer is not always possible for teachers, 

but there is a large group of enthusiasts in every community usually willing to help. 
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Gibbs (2007) has shown that teachers “believe that the astronomer partner 

positively influenced students’ attitudes toward science and that amateurs may be 

especially effective at the elementary school level” (Gibbs, 2007). Amateur 

astronomers are a large group of people usually available in all places. Further they 

bring knowledge of the science that teachers may not have. Teachers however, bring 

their own knowledge of how to properly bring this information to the classroom. 

Students enjoy when an “expert” is brought in and they may have more trust for 

what they say compared to their teacher who they have grown comfortable with. 

 Another option has been for students to visit scientists at their place of work. 

This allows students to see what scientists do on a day-to-day basis.  However, it is 

not always possible to bring students to scientists; therefore, research has been 

done to show the effectiveness of videoconferences (vodcasts) on students. The 

scientists were interviewed about their jobs and what they do and these videos 

were shown to students. Students do not like it when these invited scientists speak 

“over their head” or give a “boring” talk. Students need to be engaged and shown 

that they can do “university level” work. By doing this, educators improve students 

desire to choose science as a career and their desire to go to college, which are two 

very important things. However, one-time visits may not result in any measureable 

benefits to the students; students must have multiple-experience and extended, 

meaningful partnerships with these researchers to show measurable change. 

Further, some education researchers believe that one-time visits are “wow” 

demonstrations may be harmful to students as it may show them they are not like 

these scientists and can never be like them. Further research must be done in this 
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area. If a long-term partnership with researchers cannot be had, is it better to allow 

scientists to visit students once or to never visit them at all? This would be a great 

topic for a future research study. 

 So what do teachers need from scientists in order to feel more comfortable 

teaching astronomy and using real world data? Slater et al. (2009) found that 

approximately 40% of teachers are rarely, if ever, using available resources of data 

that scientists make available. One major problem that Slater et al. found was that 

there are too many data sets available to teachers and each one requires a different 

method or system to access the data. This can often make teachers feel 

overwhelmed. One suggestion that has been made is to use the My_NASA_Data 

project, which allows for scientists to present their data in a format that can be read 

by common spreadsheet programs (Slater et al., 2009).  

Section 2.8: Methods of Teaching Astronomy 

 Methods used in evaluating astronomy lessons are similar to the methods 

used to evaluate any other science. For example, concept inventories have been 

created to help evaluate astronomy lessons just like there are concept inventories 

used in physics. A concept inventory is a criterion-referenced test designed to 

evaluate whether a student has an accurate working knowledge of a specific set of 

concepts. Two of the major concept inventories for astronomy are Bailey’s Star 

Properties Concept Inventory (SPCI) (Bailey, 2006; Bailey, 2007) and Barder’s Light 

and Spectroscopy Concept Inventory (LSCI) (Barder, 2006). These concept 

inventories are specially designed to evaluate core concepts in astronomy. Most 

introductory astronomy courses begin with a review of light and spectroscopy. 
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Barder was able to show by using the LSCI, teachers are able to better understand if 

students learned the properties of light, which can also be used in an introductory 

physics course; having a solid understanding of light make future studying of 

astronomy easier.  

 There have even been some non-traditional methods of teaching astronomy 

in the classroom. For example, Francis (2006) has used role-playing in the 

classroom as a method of teaching astronomy. “Students play the role of competing 

teams of researchers, racing to solve some astrophysical mystery” (Francis, 2006). 

The idea of role-playing came about after a survey done in Australia showed that 

students believed physics was rote and unsociable. This is the opposite of how 

modern research is done, in groups and with a lot of talk amongst peers. Francis 

(2008) uses role-playing to teach about the runaway greenhouse effect on Venus. In 

this exercise groups of students are given roles and each of these roles contain some 

clues to why Venus is so hot, but the role also contains some information that is not 

related to why Venus is hot. The idea is that no one group can get the answer on 

their own, but they must in fact work with the other groups to piece together all the 

clues in order to understand what is happening on Venus. Further, there is inquiry 

in this method as when the students believe they have they have an answer they 

present it to the rest of the class. What matters is not that the answer is correct, but 

that their peers accept the answer as correct. This is real science as more facts come 

in the answer may change, but the answer should be accepted by the scientific 

community. This method of teaching is fantastic because it gives the students real 

world training on what research in science is like. One idea that uses role-playing 
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would work well in explaining how astrobiology works. Each group would represent 

a field in astrobiology (astronomy, physics, geology, chemistry, biology, etc.) and the 

groups would have to work together and find a way to explain things to each other 

to come up with a proper theory to why something happens the way it does. 

Another non-traditional method attempted by Hall and Sampson (2008) was 

argumentation. “An activity designed in this manner can help students understand 

difficult science concepts. It can also help students develop complex-reasoning and 

critical-thinking skills, understand the nature and development of scientific 

knowledge, and improve their communication skills” (Duschl and Osborne 2002). 

Most topics can be set up in a debate manner allowing students to pick a side and 

research the topic (Norris, 2007). The method of debate is intended to have 

students learn both sides of an argument to such an extent they understand not only 

why their side is correct, but why the other side is wrong. Many people believe that 

one cannot truly understand a topic unless they have the ability to teach and 

convince others. This is the debate method’s argument for why it can be properly 

used in the classroom. 

 Some researchers have taken a constructivist approach to teaching 

astronomy while others have taken a traditional approach. Ward (2008) has shown 

that a “constructivist curriculum yields increased learning for Grades 3–6 students 

studying physical and space science concepts compared with Grades 4–6 students in 

control classrooms” (Ward et al., 2008).  Further, Diakidoy (2001) has shown that 

taking preconceptions into account when teaching astronomy helps improve overall 

knowledge. This is important because as discussed earlier many people have prior 
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knowledge about astronomy that is often incorrect or lacking. Diakidoy split up 65 

students and taught them about the shape of the Earth and the day/night cycle by 

using two separate methods. One group got standard textbook instructions while 

common misconceptions, such as what causes the seasons on Earth or why the 

Moon has phases, were taken into account when teaching the second group. The 

non-textbook group got hands-on work and was able to have group discussion, 

while the textbook group followed the book exactly and teacher lectured for the 

entire 80-minute period. The two groups were first given a multiple-choice pre-test. 

The students were told to consider each question carefully and circle the choice the 

taught represented the best answer. The “textbook group” followed the guidelines 

and recommendations of the Geography Teacher’s Manual. The students would read 

short passages that were handed out; after the reading was complete the main 

topics would be written on the board in front of class. Because each lesson in the 

Geography Teacher’s Manual was designed to be taught in 80 minutes the second 

group also got 80-minute lessons. The non-textbook group’s lessons were designed 

to be flexible and to proceed according to students’ ideas and understandings. The 

students did three activities; the first was designed to enforce the notion that the 

Earth has a spherical shape and to introduce the concept of gravity. The second 

activity was designed to show students how the Earth can appear flat to those on it, 

but is not in fact flat. The third activity demonstrated how day changes into night on 

Earth. After the lessons, both groups were given a multiple-choice post-test. The 

analysis of the results of pre- and post-test show that both within and between 

groups the effects of the teaching styles were significant. “The findings of the 



  

46 
 

present study confirmed the main hypothesis. Fifth-grade students who received 

experimental instruction of target astronomy concepts demonstrated significant 

improvement in their understanding and learning of these concepts as opposed to 

students who received standard, textbook-based instruction.” (Diakidoy, 2001) This 

study was well done, but only had a sample size of 65 students. The authors admit 

that the t-tests of the delayed post-test scores were not significant. Another study 

with more students would improve the analysis of the two teaching methods. 

Section 2.9: Using Inquiry Education to Teach Astronomy 

 One problem experienced by many is a full understanding of what is meant 

be inquiry education. Often people believe this means hands-on and lab oriented, 

but this is not the case. A table adapted from Morrow (2002) best explains the 

differences between conventional science, hands-on science, and inquiry-based 

science. 
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Table 2.1: 
 
Comparison of Conventional, Hands-On, and Inquiry Based Approaches to Science 
Education 
Conventional Approach Hands-On Approach Inquiry-Based Approach 
The teacher tells students 
that stars can be classified 
by examining their size 
and temperature. The 
teacher shows pictures of 
stars in a textbook and 
asks students to 
memorize the names of 
the different types of stars 
according to their 
temperature and size. 

The teacher tells students 
that stars can be classified 
by examining their size 
and their temperature. 
The teacher shows 
pictures of stars in a 
textbook and shows real 
photos of stars taken by 
the Hubble Space 
Telescope and asks them 
to match the pictures with 
the real stars. The teacher 
asks students to 
memorize the star types 
for the test. The class 
moves on to another 
hands-on activity about 
star formation and 
planets. 

The teacher tells students 
that scientists classify 
stars by the different 
features they have. The 
teacher asks them to come 
up with ideas for what 
features would distinguish 
one star from another. 
The teacher shows them 
real photos of stars taken 
by Hubble Space 
Telescope to explore their 
ideas and to make 
observations and gather 
data that would help them 
create their own 
classification scheme for 
stars. The teacher asks 
them to compare their 
schemes with established 
classification schemes and 
to present reports on their 
results. The teacher 
follows up with a lesson 
about the nature and 
classification of stars at a 
different time. 

Adapted for astronomy from “Misconceptions Scientists Often Have About The K-12 
National Science Education Standards” by C. Morrow, 2002, Astronomy Education 
Review, 1(2), p. 85. Copyright 2002 by AER. Adapted with permission. 
 

 
 One of the best methods of inquiry education in astronomy is using real data 

in the classroom. Astronomy is on the forefront of science, changing every day. This 

allows for data to be released almost immediately after being taken. This data is 

used by astronomers when doing their research, but can also be used by students 
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and teachers in the classroom. Some examples of data released to the public that can 

be used by teachers in the classroom are: categorizing galaxies with GalaxyZoo 

(Raddick et al, 2010), finding new planets and stars using Two-Micron All-Sky 

Survey (2Mass) and Wide-Field Infrared Survey Explorer (WISE), or finding new 

galaxies and the furthest stars in the galaxy using the Sloan Digital Sky Survey 

(SDSS). Students and teachers can also look for pulsars using the Pulsar Search 

Collaboratory (Rosen et al., 2010). Further, students can even collect their own data 

using a digital camera to find cosmic rays from space (Sibbernsen, 2010). 

PlanetQuest (http://planetquest.jpl.nasa.gov/atlas/atlas_search.cfm) allows 

students to search a database of all planets discovered so far outside of the solar 

system. There is also the American Association of Variable Star Observers 

(http://www.aavso.org/) who uses data to find new variable stars.  These are just 

some of the many examples of data available to the public, which can be used in the 

classroom. 

 “Astronomy provides an innately engaging scientific context within which 

teachers can engage students in research investigations that make use of publicly 

accessible databases” (Borne, 2009). Not only are students learning through inquiry, 

but they are also developing real world life skills that they can use in any field after 

completion of their education. The use of this data often teaches students how to 

develop their own questions while at the same time giving them the same tools that 

scientists use in their field of research. There have been multiple publications (see 

Fitzgerald, 2008; Pössel, 2010 for examples) by students and teachers who have 

used publicly available data to discover something new in astronomy. The students 
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often get a publication credit, which always looks good when applying to things in 

the future. One possibility is a follow up study to see how these research 

experiences affected their interest in astronomy. 

 Inquiry has five essential features that can be satisfied by using real data in 

the classroom. The five essential features of inquiry are: Learners are engaged by 

scientific oriented questions, learners give priority to evidence, which allows them 

to develop and evaluate explanations that address scientifically oriented questions, 

learners formulate explanations from evidence to address scientifically oriented 

questions, learners evaluate their explanations in light of alternative explanations, 

particularly those reflecting scientific understanding, and learners communicate 

and justify their proposed explanations (Olson & Loucks-Horsley, 2000). 

 First let’s talk about “Learners are engaged by scientific oriented questions.” 

This falls under the teachers’ responsibility to come up with a proper question that 

will guide the students, but at the same time use the data that has been gathered. 

Students can also be assigned to come up with their own questions they would like 

to answer with the data. This is open-ended inquiry.  This should not be a problem 

as scientists doing research have to come up with a research question they would 

like to answer with the data when either asking for funding or putting in a request 

to have the data gathered. These questions are often “why” or “how” questions that 

science asks in order to better understand something. For example, “How are stars 

formed?” or “Why do dust clouds collapse to form stars?” These are just two 

examples of inquiry type questions that could use infrared data provided by NASA 

missions. 
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 “Learners give priority to evidence, which allows them to develop and 

evaluate explanations that address scientifically oriented questions.” This feature of 

inquiry is taught to students as they begin with a hypothesis and then as they study 

and analyze the data they are given they will begin changing their hypothesis to 

better fit the data. This again teaches students what researchers in the field do when 

they have new data. This theory of students learning how science researchers work 

and modeling their studies on the same is called Views of Nature of Science. 

Schwartz et al. (2004) discuss methods of bridging the gap between scientific 

inquiry and the nature of science. Science in an “authentic context” may not be a 

new idea, but as of the last ten years it has begun to gather momentum as a way to 

teach science. Lederman et al. (2002) designed a questionnaire as a method of 

assessing students understanding of the views of science. The questionnaire they 

created has been shown to properly assess the effectiveness of nature of science 

education methods. While the questionnaire is a great assessment tool educators 

cannot rely on a single method of assessment and must design other ways of 

assessing inquiry education methods. 

 “Learners formulate explanations from evidence to address scientifically 

oriented questions.” The evidence in this case is that the students are given actual 

data collected by NASA for research scientists who requested it. As the students 

study and understand the data they begin to form an answer to the questions given 

to them by their teacher. The students may even go further and request more data 

from their teacher or depending on the level download available data themselves.  
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 “Learners evaluate their explanations in light of alternative explanations, 

particularly those reflecting scientific understanding, and Learners communicate 

and justify their proposed explanations.” The group method in which in a classroom 

of 24 students there are six groups of four students allows the classroom to have six 

different hypotheses. After studying the data and tweaking their hypothesis the 

students then must present their findings to the other groups and try to convince 

them why the data shows what they believe it shows. The alternative explanations 

are the hypotheses given by other groups. These other hypotheses may actually 

cause some groups to change their mind themselves. This is science at its purest. 
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Table 2.2 (Morrow, 2002): 
 
Comparison of How Scientist and Educators Approach Science Topics 

 
 “Learners communicate and justify their proposed explanations.” This 

feature can be used as a method of testing what the students have learned. As in the 

real world, the students would have to submit a paper about their findings to their 

peers (other students) who would then read over and understand the results in 

order to form an opinion on whether or not this hypothesis is correct or should be 

studied further. 

Scientific Research Approach Standards-Based Teaching Approach 

Raise fundamental question of interest 
that is addressable via scientific 
investigation. 

Engage student interest; guide the 
development of questions [i.e., establish 
basis for inquiry] in a specific area of 
content. 

Research what is already known. Discuss with students what they already 
"know" or think they know [prior 
knowledge assessment] to help 
address the question(s). 

Make a prediction or hypothesis in 
answer to the question of interest. 

Ask students to make a prediction or 
hypothesis in answer to a question of 
interest. 

Plan and implement an experiment to 
test the prediction. 

Plan and implement an experiment to 
test the prediction [hands-on activity]. 

Reflect on the results of the experiment 
and how they affect what was known 
before. Be alert for how the new data do 
or do not readily fit into the existing 
structure of scientific understanding. 

Reflect with students on the results of 
their hands-on activity/investigation 
and use their predictions to assist them 
with gaining new/deeper understanding 
of content. Be alert for any shifts from 
"prior knowledge" as students integrate 
their new experiences. 

Communicate new knowledge via talks 
and papers. Science community judges  
the validity and value of the results. New 
questions are raised. 

Communicate new knowledge via 
presentations, papers, demonstrations,  
and exams [assessment methods]. 
Teachers judge students’ learning and 
guide them to apply it to new 
circumstances. 



  

53 
 

There are two types of inquiry: guided and open-ended (Martin-Hansen, 

2002). The method of using real data in the classroom can follow either method 

depending on the grade level of the students and what the teacher believes their 

students can do. If the teachers would like the students to try and answer a specific 

question they could use guided inquiry. On the other hand, teachers could use open 

inquiry and have each group of students come up with their own hypothesis about 

something and use the data to try and prove their hypothesis. Then at the end each 

group would present their findings and their peers would have to agree on what is 

the most likely correct hypothesis. This is as real world as science can get and that 

allows students to both feel like they are contributing to science while also fully 

understanding how the field of science works. 

 There have also been critics of inquiry method of teaching and also teachers 

sometimes have trouble using inquiry methods in their classroom. For example, in 

inquiry students are not give the answer directly, but must find the answer for 

themselves. Using real data in the classroom could possibly help ease students 

pangs when it comes to not having a direct answer, because teachers can say that in 

real research scientists do not know the answer and are doing the research in order 

to find out the answer. This will allow students to get real world experience. 

Assessment can be done through debates are group projects. Students can use what 

they learn to persuade the other students that their theory is best supported by the 

data. Students do not need a “correct” answer, but to only understand the material 

and have the other students accept their answer as the most “correct.” In research 
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the same happens, the community only accepts a theory until more information 

comes along to change the theory. 

 Astronomy research mostly takes place on computers; therefore, a lesson 

that is focused on using a computer would be the most realistic for students. There 

are many lessons that teach infrared astronomy that have been released by NASA; 

however, no research was available that looked into the effectiveness of these 

lessons. While the lessons are created and used, do researchers know that they are 

effective at teaching middle school students about infrared astronomy? This 

dissertation will focus only on creating a realistic infrared astronomy lesson for 

middle school students, but one possible future study could look at how students 

are affected by these lessons.  

Section 2.10: What’s Next? 

 Of course, having more astronomy coursework in middle and high school 

would be a great step. Krumenaker (2010) did a survey of high school principals and 

astronomy teachers and found that the two largest needs to have more high school 

level astronomy courses were teachers and students. Further, by increasing 

astronomy awareness on the state and national level standards educators could 

increase the need for astronomy courses in middle and high school general 

curricula. Many schools require science electives and astronomy fits perfectly in that 

mold. This literature review has shown that while progress has been made in the 

last twenty years there is still more work to be done. More and more schools are 

hiring teachers with astronomy backgrounds and are offering astronomy classes. 

Colleges are slowly adding astronomy focuses and majors. This leads to more people 
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with education degrees haven taken an astronomy course in college. While teachers 

and scientists have begun working together, there is still more knowledge they can 

share in their respective fields. Astronomy, like other sciences, has many 

misconceptions throughout that educators need to correct. The author has learned 

that there are many people who are working on astronomy education, but it will just 

take time. From talks with students it seems the common idea is that science is 

“hard” or “boring.” This research hopes to show that students’ interest can be 

piqued by using real data and by showing the students that they are capable of using 

the data to get real results just like scientists who do research for a living. 

Section 2.11: Conclusions 

 Scientists and teachers are not working well enough together to create lesson 

plans for students. Both parties bring an expertise that the other does not have and 

the groups should meet more often to further science education. These meeting 

between educators and scientists can take place and many different opportunities 

such as education conferences and/or science conferences. NASA makes research 

data available to the public and the author’s findings show that teachers are not 

taking advantage of this data. The reasons vary from “did not know it existed” to “do 

not know how to use it.” Using real data in the classroom is a perfect way to get 

inquiry education into science, which is recommended by the national board of 

education. Research scientists know what this data is and how it applies to science, 

while teachers are trained in creating lessons that students understand and will 

learn from. When teachers and scientists work together students get the best of 

both worlds. Students get to feel like scientists while getting real world experience. 
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 The studies presented in this literature review have showed that inquiry 

methods for science education allow students to grasp the topics better than other 

methods. Further, teachers have many chances to use inquiry lessons in their 

classroom, but for a number of reasons are unable. The range of inquiry lessons is 

vast. Students can use data in the classroom, debate a topic with their fellow 

students, visit a research scientist in their lab, or have a scientist visit them either in 

person or through telecommunications. 
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Chapter 3:  
 

Education Research Methodology 
 

Section 3.1: Introduction 
 

The literature reviewed in Chapter 2 has shown the need for a better 

understanding of how and why educators and scientists should work together. 

Further the literature has shown that it is possible to create inquiry-based lessons, 

using real data from NASA missions, which can be used to the benefit of the middle 

school classroom.  To both support education and provide an opportunity to 

experience science on the cutting edge, teachers and scientists need to work 

together. The experience would be mutually beneficial. Through a closer 

partnership, science teachers would be able to keep up with current research, which 

can be difficult given the amount of work and standards educators must keep up 

with and meet. Conversely, scientists would get a better understanding of what 

must be done with research and findings to make them suitable for introduction 

into the classroom or presentation to the general public. Often, scientists need to 

present their work to a group that may not have the same level of knowledge in 

their particular subject. Scientists need to have the skills necessary to reach many 

age groups and levels of education to communicate the importance of their research. 

Through the right partnership with science educators and classroom activities, 

researchers can help inspire future generations to explore the world through 

science.  

Astrobiology by definition is the study of life in space. One of the greatest 

advantages of astrobiology as a field is its role as a multidisciplinary science, but it 
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can also be one of its challenges. Astrobiology encompasses chemistry, geology, 

biology, physics, and astronomy. The field is relatively new and is, itself, evolving. 

From the author’s experiences science is evolving from the model of a single 

researcher or small single-discipline group working on an issue to a field with 

interdisciplinary groups of scientists working together to solve a problem that spans 

disciplines. Because of its collaborative nature and incorporation of multiple 

branches of science in one field, astrobiology can be used as a tool and asset in 

science education. Through astrobiology, younger students can learn to work 

effectively together in groups and cooperate with one another. One challenge of a 

multidisciplinary field is that of scientists of different specialties not having the 

ability to explain information or complex theories to scientists from other 

disciplines. For example, it may be easy for a chemist to explain their work to other 

chemist, but it can be difficult for a chemist to explain advanced topics in chemistry 

to a biologist who may not keep up with modern advances in chemistry. Scientists 

need not only to understand their field but also be able to explain it to many 

different people and age groups.   

I believe that research scientists can gain the skills necessary to discuss their 

research with almost anyone by working with teachers. A teacher’s job is to take a 

difficult topic and explain it to those who do not understand the topic or in many 

cases, have never heard of it. Science is an ever-advancing field and it can be difficult 

for anyone to keep track of new discoveries or topics in the respective branches. 

This is where a good educator-scientist partnership can be useful. Teachers have 

experience presenting and explaining advanced topics to their students. These 
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methods of education can be passed on to scientist and would help them learn to 

explain their research to scientists and the general public. All the while, scientists 

are helping teachers to keep up with modern advances in science, which can be 

incorporated in the classroom.  This partnership would bring about a new 

generation of teachers who are closer to the science community, keeping up with 

advances, and scientists who can better communicate with those outside their field. 

Students involved in classrooms with this educator-scientist partnership would 

experience the advantages of being tapped into the innovations in the scientific 

community.  

The present study uses an example in astronomy with relevance to the 

broader context of astrobiology. The overarching question for this work is, “How 

can scientists and teachers work together to create inquiry-based astronomy 

lessons for middle school students?” The sub-questions that this study is intended to 

answer to guide the overarching questions are as follows: 

 How do teachers adapt an inquiry-based astronomy lesson created by a 

scientist? 

 How do teachers and an astronomer work together in the implementation of 

the adapted inquiry-based astronomy lesson? 

 What do teacher reflections reveal about their experiences adapting and 

teaching the inquiry-based astronomy lesson with an astronomer? 

 
A qualitative research approach has been selected to investigate the above 

questions because the attributes being tested are not quantifiable.  Using qualitative 
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research methods can give details about the classroom environment such as: the 

notions of teachers regarding astronomy lessons, the preconceptions of students 

and their ability to do real science work. A qualitative study is most suited to this 

type of research because it helps give individual meaning and in-depth detail to the 

research question and sub-questions.  Patton (2002) describes how researching a 

small, random sample of participants using in-depth interviews, direct observations, 

and an analysis of written documents will help increase the credibility of the results. 

This study seeks to answer how teachers and scientists work together when 

creating inquiry lessons in astronomy, which is not something that can be 

definitively measured. Therefore, using a qualitative research approach over a 

quantitative one makes the most sense. Creswell (2007) notes that the researcher is 

the primary instrument of observing and reporting in qualitative research. It is for 

this reason that a description of the researcher’s background is presented in this 

study. 

Section 3.2: Research Design 

The research question guiding the study was the catalyst for the design of the 

research.  A multi-site case study method will be used to investigate the effects of an 

educator-scientist partnership on inquiry methods of astronomy education in 

middle school classrooms. Having several data sources will help to triangulate the 

data and substantiate findings (Patton, 2006). The case study was selected because 

of its ability to give a holistic description and its ability to give a sufficient and 

comprehensive picture, without losing its central focus (Patton, 2002).  According to 

Yin (2009), “A case study is an empirical inquiry that investigates a contemporary 
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phenomenon in depth and within its real-life context, especially when the 

boundaries between phenomenon and context are not clearly confident” (p. 18).  

This study intends to investigate the aforementioned phenomena in depth and 

within the context of the middle school setting. The case study design will be used in 

this study because of its ability to give “intensive descriptions and analyses of a 

single unit or bounded system such as an individual, program or groups” (Merriam, 

1998, p.19). While case studies can sometimes be singular and still exemplary, this 

study consists of multiple case studies with the intentions of understanding the 

partnership between middle school teachers and scientists. The researcher will 

conduct five case studies on the partnership between a middle school teacher and a 

scientist. Data will be collected from multiple sources including: one-on-one audio 

recorded pre-lesson interviews, written observations of interactions during inquiry 

lesson implementation, and audio recorded post lesson interviews. Case studies are 

also explained to be descriptive as they try to achieve “a rich and thick description 

of the phenomenon under study” (p. 29).  Because of the descriptive nature of a case 

study, the researcher will give a description of the participants’ background and 

school context in the findings section of this study. Further the researcher will try to 

fully diversify the teachers to remove any bias or unforeseen affects that could alter 

the findings. By utilizing the multiple case study method, the author will present an 

in-depth understanding of the phenomenon and meaning for those involved then 

analyze the data using descriptive analysis.  
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Section 3.3: Selecting Participants 

 This study’s main focus will be on teachers and scientist working together 

and therefore will not actually focus on the students. A future study could and 

should be done to measure the effectiveness on students in classrooms with positive 

educator-scientist partnership. The study will aim to recruit anywhere from five 

teachers with a multitude of experience teaching science to middle school students. 

The scientist will be a current graduate student in astronomy, but in the future 

could grow to local amateur astronomers with knowledge of the field or other 

university research scientists. The teachers will be asked to complete a brief survey, 

which will help to gain information about their respective school’s location, 

socioeconomic status, the teacher’s experience, interest in participating, and 

previous experience working with scientists in their classroom. From this 

information the five most representative participants will be chosen. 

 In order to choose a truly representative sample of teachers for the study, the 

teachers will need to meet certain criteria. Most teachers need to have access to 

computers, with no more than four students to a computer. These computer 

systems must be equipped with Excel and it is preferable that the students have 

used the program to cut down on introduction time. If access to computers is a 

problem, the lesson will be adapted into a PowerPoint as necessary. Individual 

teachers must fit other criteria to have a variety of subjects to compare. The 

teachers must first be science teachers and have a variety of experience levels. 

Hopefully participants will be available who have experience of 0-5 years, 5-10 

years, 10-15, and 15 or more years of experience. The researcher would like to be 
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able to gauge the level of interest and willingness to alter their lesson plans 

according to years of experience. Selected teachers need to have classrooms that 

represent a variety of socioeconomic status. Finally the teachers selected will 

represent a range of experiences having scientists as guests in their classrooms. 

Through these criteria, the teachers chosen for the case studies will represent 

subsets of larger populations of teachers across the country.  For further 

background information on teachers see chapter four, section one. 

  The case study method will involve research of each participant with detailed 

changes to the lesson that tailor it for each classroom; because of the extent of 

involvement in lesson planning, five teachers seems to be a reasonable number of 

participants for one researcher to investigate given the projected timeline. All 

teachers will receive a consent form to fill out for the audio-recorded interviews. 

This will ensure that any issues, mistakes, successes, or changes be recorded and 

addressed as the researcher sees fit.  

 This study focuses on educator-scientist partnerships, but along with the 

careful selection of teachers is a careful selection of scientist. For this study, the 

researcher will act as the scientist. The researcher is a Ph.D. candidate in 

astrophysics. Further, the researcher has taken classes in education research and 

has worked closely with educators in the classroom and on special projects. The 

researcher has also received the Walter Eppstein award for outstanding work as a 

teaching assistant. For these reasons, it is with confidence that the researcher can be 

called a scientist and fits the necessary role in this research. 
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Section 3.4: Intervention 

The study will be conducted through a process of intervention with teachers, 

and using the inquiry methods set forth may alter their process, albeit temporarily, 

with their students. First, the researcher created a new inquiry based astronomy 

lesson from their experience doing astronomy research. The goal of the lesson was 

to mimic, as close as possible, the way modern astronomy research is performed 

and bring that experience to the middle school students. After the initial creation of 

the lesson, a pilot study was performed on a group of non-science major 

undergraduate students at Rensselaer Polytechnic Institute. See section 3.6 for more 

information about the pilot study. 

The ultimate goal is for the teacher and researcher to work together closely 

editing the lesson and making changes to make it appropriate for their classroom 

and generate the best possible experience for their students. It is for this reason that 

the teacher should experience teaching science to middle school students and be 

interested in learning about modern astronomy topics. The teachers will have the 

ability to change anything in the lesson. During the initial meeting with the teachers, 

the lesson that was created for this study will be discussed and any alterations they 

want or need to make will be incorporated. This will hopefully ensure its success in 

their classroom and encourage its use in future school years. 

After the selected educator and the scientist approve any changes to the 

lesson, the teacher will then present the lesson in their classroom. This research 

focuses on the teacher and the way it is presented to the students, but not 

necessarily the extent of the students’ success. During the lesson, the scientist will 
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take notes on the teacher’s and scientist’s involvement in the lesson and 

interactions. This will allow the researcher to record and later observe the method 

used to present the approved lesson. It will also allow for the observation of the 

interaction between teacher and scientist in the classroom during the lesson. The 

lesson is computer-based (for this reason computers will be required) and to 

encourage all students’ participation, the class will be divided into groups of 2 or 3 

students. Each group of students will have their own computer to use for the lesson. 

Students will be encouraged to find their own answers and ask questions if certain 

issues arise that will support the methods of inquiry education. Teachers will 

circulate each group and ask probing questions or answer questions with 

suggestions of routes to find the answers rather than giving the answer 

automatically.  

 The lesson is specifically designed to suit teachers who have limited free time 

in the classroom. The lesson has four parts; each should take about an hour to 

complete. If the teacher has time available in a computer lab to do the entire lesson 

in one sitting, that would be ideal; if not, they can pick whichever part would have 

the greatest impact on their students. The idea of the lesson is to mimic as closely as 

possible, while still making it accessible to middle school students, how scientists 

actually conduct research. Science research is in itself inquiry-based and having 

students participate in activities as similar to real research as possible, they will be 

learning through inquiry methods. The students will use NASA data that is freely 

available, but often unknown about, to create plots that will help them understand 

how and where in the galaxy new stars are formed. 



  

66 
 

Section 3.5: Creating the Lesson 

 Astronomy research in the experience of the author is inquiry. In the author’s 

science research they had to come up with an original question, find out how to 

answer that question, answer the question, and then make conclusions about the 

answers. This is the definition of inquiry. Along the way the author felt that some of 

the research done, if presented properly, could be conducted by middle school 

students. Over two summers, the researcher worked with a group of middle school 

students at the Bernard Harris Summer Science Camp who had an interest in 

Astronomy. These students, aged 9-12, showed interest in astronomy and the ability 

to understand the scientific research presented.  

 After the science camp, it was decided to design and commit to paper an 

astronomy lesson that closely followed the author’s graduate science research. The 

first step was to find the parts that middle school students would be able to finish on 

their own, or with a little guided assistance from their teachers. After working on 

the lesson, it was realized that the lesson would require a computer and therefore it 

was decided that the best method of presenting the lesson would be using a 

webpage. This decision allowed the author to use images and links to outside 

material, which while not necessary could help improve student knowledge. 

Section 3.6: Pilot Study 

 After completion of the initial lesson and webpage, the lesson needed to be 

tested on students in order to ensure that the lesson made sense and that the lesson 

could be completed, i.e. there were no un-understandable directions or misguided 

words. While it would have been better to do the pilot study with the same age 
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group as the final study, the opportunity presented itself to present the lesson to a 

group of undergraduate students at Rensselaer Polytechnic Institute. These students 

were all taking an astronomy course; many were non-science majors who were 

taking an astronomy course so as to complete their requirement in science. 

 Since the idea of the pilot study was not to test if the lesson was done well for 

middle school students, but to ensure that the lesson made sense and could be 

completed from beginning to end, it was decided that age or grade level did not 

matter and so the pilot study moved forward amongst the undergraduates. These 

students were used for the pilot study because they were able to do the lesson and 

evaluate the strengths and weaknesses of the lesson and also imagine what would 

work or should be changed to make it more user-friendly. Since this lesson is aimed 

at sixth to eight graders, the main goal of this pilot study was to make sure the 

lesson could be completed in a timely manner, that the information was accurate, 

and all of the instructions made sense. It was also a test to see if non-science majors 

could understand the lesson; if it was difficult for them without guidance and 

instruction from the teacher, it might be impossible for children in middle school. 

After the pilot study and upon completion of the lesson, necessary changes were 

made.  

Some of the pilot study participants suggested making guided videos. 

Further, the website was changed to flow better and make the lesson easier to 

follow. Some other changes were grammatical in nature. Many students in the pilot 

study pointed out that the screenshots did not match what they were seeing. The 

reason for this was that the screenshots were taken for another project. This was 
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also fixed to make it easier for students to follow the lesson. Once the changes were 

completed and approved, the search for teacher participants began. 

Section 3.7: Data Collection 

This section contains a description and reasoning behind the methodological 

strategies that will be used to collect data for the research questions presented 

earlier. The overall approach is to gather data that would answer the question, “How 

can teachers and scientists work together to create inquiry-based middle school 

labs?” The data will be collected before, during, and after an inquiry-based lesson is 

presented by a teacher to a group of middle school students. The teachers will be 

interviewed individually and the interviews will be audio recorded. 

Question 1: How do teachers adapt an inquiry-based astronomy lesson created 

by a scientist? The data to answer this question will be gathered through interviews 

by the scientist. Before the lesson is taught in the classroom the teacher and 

scientist will meet to discuss the lesson and what changes should be made to ensure 

the lesson is the most effective in the teacher’s classroom. The “before” interview 

lesson will be compared with the “after” interview to see how many changes the 

teachers are willing to make.  

Question 2: How do teachers and an astronomer work together in the 

implementation of the adapted inquiry-based astronomy lesson? Data for this lesson 

will be collected during the duration of the lesson being presented in the classroom. 

Written notes will be taken of the teacher and scientist’s interactions during the 

lesson. 
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Question 3: What do teacher reflections reveal about their experiences 

adapting and teaching the inquiry-based astronomy lesson with an astronomer? Data 

to answer this question will be collected after the lesson is presented in the 

classroom. Both the teacher and scientist will self-reflect and a post-lesson 

interview will be done that will ensure the lesson is the best it can be.  

Table 3.1 provides a timeline for data collection and analysis; outlining dates 

that specific stages will be conducted and completed. 

Table 3.1: 
 
Data Collection and Analysis Timeline 
Date Phase 
08/2011-10/2011 Initial creation of inquiry-based 

lesson 
11/2011-12/2011 Pilot study with college 

undergraduates 
02/2012-03/2012 Review and editing of lesson 
04/2012 Begin looking for participants for 

study 
10/2012  Initial meeting with teachers 
10/2012-12/2012 Editing of lesson with input from 

teachers 
03/2013 Lesson is taught by teacher in 

their classroom 
03/2013 Post lesson interviews with 

teachers 
04/2013 Data transcription and analysis 
05/2013 Write-up (results, discussions, 

conclusions, implications) 
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Table 3.2: 
 
Overview of the Methods of Data Collection, Data Analysis, and Research Questions 

Research Questions Data Collection 
Methods 

Data Analysis 

How do teachers adapt an 
inquiry-based astronomy 
lesson created by a 
scientist? 

Audio recording of 
pre-lesson interview. 

 
Pre-interview and 
post-interview lesson. 

Grounded Theory: 
Transcription of audio 
recording of pre-lesson 
interviews with 
teachers. Comparison of 
before and after 
interview lesson. 

How do teachers and an 
astronomer work 
together in the 
implementation of the 
adapted inquiry-based 
astronomy lesson? 

Audio recording of 
educator-scientist 
interaction during 
lesson presentation. 

Grounded Theory: 
Transcription of audio 
recording of teacher. 

What do teacher 
reflections reveal about 
their experiences 
adapting and teaching the 
inquiry-based astronomy 
lesson with an 
astronomer? 

Post-lesson self-
reflection essay. 

Narrative study: 
Analysis of post-lesson 
reflection. 

 
Section 3.8: Data Analysis 

 
 A description of the process of qualitative data analysis is provided in this 

section. All interviews and audio recordings will be transcribed in full and their 

contents will be used as the major portion of data analysis in this study. A 

microethnographic study (“Research that attends to big social issues through careful 

examination of small communicative behaviors (Barron, 2006).”) of the audio 

recordings of pre- and post-lesson teacher interviews along with the audio and 

video recording of the teacher teaching the lesson to their classroom was the main 

method of data analysis. The scientist and the teacher will both do a self-analysis of 

their experiences. In the self-analysis the participants will discuss how they felt 
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about the lesson, what they did and did not like and discuss their overall experience. 

This descriptive analysis will be used as a tool to understand what can be done to 

ensure the continued success of educator-scientist partnerships. All interactions 

between teacher and scientist will be recorded and analyzed. These interactions 

include questions, comments, suggestions and any other verbal exchange between 

teacher and student about the lesson during the pre- and post-lesson discussion. 

This study will use a grounded theory approach in an attempt to create theory from 

the collected data. According to Charmaz (2006), grounded theory can complement 

other research methods, such as case studies.  In grounded theory, there is much 

flexibility when collecting and analyzing data.  Charmaz (2006) states, “Grounded 

theorists evaluate the fit between their initial research interests and their emerging 

data” (p. 17). Strauss and Corbin (1998) describe theory to be themes that are 

interconnected to each other through statements that show their relationship to 

help explain some type of phenomenon. Using this description the main purpose of 

this study is to find how teachers and scientists interact when creating in inquiry 

based astronomy lesson. 

 Grounded theory involves three types of coding in the processing of data.  

According to Strauss and Corbin (1998), the three coding schemes are open coding, 

axial coding and selective coding.  Open coding is the process where concepts are 

“identified and their properties and dimensions are discovered in data (p. 101); 

axial coding is “the process of relating categories to their subcategories” (p. 123); 

and selective coding is assimilating and refining the theory (p. 143).  The analysis 

for this research will use this type of coding to create a theory for how teacher and 
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scientist interactions occur and if improvement is possible. Grounded theory 

interviewing involves asking participants questions about a narrow field of topics to 

help researchers obtain explicit data to help construct their framework. The data 

analysis for this study will draw upon grounded theory techniques and will then be 

examined at length. 
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Chapter 4 
 

Education Research Results 
 

 This chapter encompasses the results and analysis of the science education 

lessons which were integrated into each classroom. The background of each of the 

five teachers who volunteered to be part of this study are surveyed and then 

systematically compared to show the experience, academic grade of students, and 

student demographics. Then, this chapter explores the pre-interviews with each 

teacher and how the lesson changed after this preliminary meeting. Next, the 

execution and analysis of each lesson is presented and compared to the other 

classrooms. Finally, this chapter presents the post interviews, in which the teacher 

and the scientist discuss the lessons learned and each of their experiences in the 

classroom. Throughout this chapter the necessary evolution of the lesson, from 

theoretical to actual lesson depending on classroom needs, is explored. This 

evolution shows the need for flexibility and creative problem solving skills 

necessary in the lesson as well as the scientist and educator involved. 

Section 4.1: Participant Characteristics  

 To begin the educational study, the author had to find a group of teachers 

who were willing to work with a scientist to test an inquiry-method astronomy 

lesson in their classrooms. This proved to be more challenging than originally 

thought. First, contact information for teachers is not readily available. Even when 

speaking with the participating teachers, all of them noted that they indeed wanted 

to work with local scientists. In reality, it is difficult for local scientists to get in 

touch with the teachers. It was only after speaking with local teacher organizations 
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that access was granted to an e-mail contact list. Then, there was an issue with the 

time commitment for some teachers. Once contact was made with local science 

teachers, a letter explaining both the science research and the science lesson was 

sent. This e-mail was sent out to over 250 science educators in New York State and 

after three months, return e-mails were only received from ten teachers. After 

responding through e-mail and explaining the requirement of pre-meeting, lesson, 

and post-meeting, three of the ten teachers thought the time commitment was more 

than they could give and resigned. Next, after discussing a time frame of presenting 

the lesson, two other teachers were required to drop out because astronomy was 

not in their lesson plans until the very end of the year. Finally, the five remaining 

teachers agreed to a timeframe and the partnership between scientist and educator 

began. In order to ensure teacher anonymity, each teacher is given a code name 

from the NATO phonetic alphabet and gender neutral pronouns have been used. 

 Teacher Alfa: Teacher Alfa teaches 7th and 8th grade students physical 

science. The teacher’s 7th grade class is an advanced group of students who have 

selected the option of taking a second science course in their curriculum. These 

students take both physical science and life science in 7th grade which brings them 

ahead by one grade level in science. Alfa has ten years of experience in teaching. 

Teacher Alfa has never had a scientist visit the classroom before because of time 

constraints. Like many teachers Alfa expresses the time pressure put on by the 

school and the district to get so many things done in order to ensure students are 

prepared for standardized tests. This usually means they do not have time to find 

local scientists to come to the classroom. Teacher Alfa also has to worry that the 
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lesson the visiting scientist will bring fits into the curriculum and teaches standards 

that need to be taught for year-end tests. Teacher Alfa’s educational background 

includes a Bachelor of Science in Biology and a Master of Science in Secondary 

Education. The teacher is very excited to work with local scientists because Teacher 

Alfa is always interested in incorporating new lessons into their classroom activity. 

The teacher would like to bring the newest scientific breakthroughs to the students, 

but finds that there is not enough time to keep up with the breakthroughs. Having a 

local expert available would help Teacher Alfa keep up with breakthroughs. The 

teacher believes the students will respond well to an expert in the field. The teacher 

would love to create and incorporate new lessons into the class each year, but finds 

that with all the work required by the school and district outside of teaching 

students there is not enough time. Teacher Alfa’s school is equipped with a 

computer lab, which can be reserved for entire class periods.  While the students 

have no formal training in Excel many of them have used it for their state science 

fair projects. 

 Teacher Bravo: Teacher Bravo teaches chemistry to 9th and 10th graders, 

physics to 11th and 12th graders, and astronomy to 9th – 12th graders. Teacher Bravo 

has 29 years of teaching experience in these various subjects. The teacher has had 

scientists visit the classroom in the past, but it is very seldom. The teacher enjoys 

having scientists visit so that they can give “students exposure to a working scientist 

and hear about their research and to provide expertise to help answer questions 

that come up.” Teacher Bravo has a Bachelor of Science in Geology. The teacher 

attempts to keep up with modern breakthroughs in science through blogs, e-mail 
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alerts, and regularly reading Science News. The teacher then engages the students in 

discussions about recent scientific advancements and tries to design new 

curriculum material around recent discoveries. Teacher Bravo teaches at a private 

school so the teacher is not as constrained as public school teachers to frame the 

courses around the standards and therefore Teacher Bravo often tries to include 

new material into the courses each year. Each of the students has a laptop and they 

regularly use Excel to “manipulate data, graph data, and run calculations like 

correlation coefficients and slopes.” 

 Teacher Charlie: Teacher Charlie teaches 8th grade Earth science and has 16 

years of experience. The teacher very seldom invites scientists to the classroom 

because, “with our schedule they would have to commit to two full days in order for 

every class to have the same experience.” Teacher Charlie has a Bachelor of Art in 

Zoology and a Master of Art in Science Education. The teacher would like to work 

with local scientists if they could commit to the time that would be needed to teach 

all the students the same. Teacher Charlie does not keep up with breakthroughs in 

science because, “there is very little funding for conferences/workshops these days 

given the state budget cuts to education.” Teacher Charlie is always working to 

incorporate new lessons into the classroom each year and teaches some science 

standards using astronomy during the four to six week-long astronomy unit. 

Teacher Charlie does not have computers in the classroom, but does have access to 

computers, the students are not familiar with Excel, but Teacher Charlie is familiar 

with Excel. 
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 Teacher Delta: Teacher Delta is a 6th grade science teacher with 20 years of 

experience. The teacher tries to have scientists visit often, but is limited by the 

ability and time it takes to contact them. The last time a scientist visited was “a 

student teacher’s sister.” Teacher Delta enjoys having scientists visit because, “I 

want my students to understand that being a scientist is a real job (to make an 

attachment of a possible career for them in the future) and scientists are problem 

solvers.” Further, the teacher finds themself learning from visiting scientists as they 

are on the cutting edge of their field. Teacher Delta has a Bachelor of Science, a 

Master of Education in Organization and Management, and Master of Education in 

Education Administration. When asked if the teacher was interested in working 

with local scientists the reply was, “Absolutely!!!!” However, Teacher Delta has not 

had experience bringing in scientists to speak with the students. Teacher Delta 

keeps up with science breakthroughs by reading educational articles, science 

newspaper articles, and is an avid fan of the Discovery Channel and Science Channel. 

The teacher shares the knowledge gained from these media outlets with the 

students on a regular basis by incorporating the new information lessons. The 

school has laptops available by reservation for students and they know how to use 

them. As for Excel, Teacher Delta says the students have not used it, but is sure they 

can learn quickly. 

 Teacher Echo: Teacher Echo teaches 3rd through 6th grade science. The 

teacher’s only lesson relating to astronomy deals with the time of day and the Sun’s 

position. Teacher Echo has 34 years of experience teaching math and science. They 

have never had a scientist visit the classroom, but have taken the students to 
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“museum presentations when the budget permitted.” Echo wants scientists to visit 

the classroom to give the students another point of view and have experts answer 

the students’ questions. Echo has a Bachelor of Science in Elementary Education and 

a Master of Art in Reading. The teacher has not taken any science courses since high 

school, but was “appointed the science teacher for grades 3 through 6.” Eight years 

ago Echo participated in two summers at Cornell in a workshop for science teachers. 

Echo is very excited to have a scientist visit the classroom; currently the teacher 

shares with the students breakthroughs in science that they read about in the 

newspaper or sees on television news. Echo is always working to bring new lessons 

to the classroom, as “it is important to keep fresh and try new projects to keep the 

students’ interest.” Echo does not use any science textbooks in the classroom only 

“STC Kits from BOCES (Boards of Cooperative Educational Services).” The teacher 

does not have computers in the classroom, but is able to reserve laptops, which can 

be brought to the classroom, or they can reserve a computer lab. Echo is unsure of 

the students’ familiarity with Excel, but believes they have used it in other classes. 



 

 
 

7
8 

Table 4.1: 
 
Summary of Teachers’ Backgrounds 

Name Educational 
Background 

Teaching 
Experience 
(in years) 

Grade/ 
Subject 

Student’s 
computer 

experience/ access 

School 
Demographics 

Previous 
work with 
experts? 

Alfa BS-Biology 
MS-Secondary 

Education 

10 7th and 8th/ 
Physical 
Science 

Skilled/ school has 
computer lab 

Public School/ 
Suburban 

Yes, but 
rarely 

Bravo BS-Geology 29 9th and 10th 
/ Chemistry 

11th and 
12th / 

Physics 
9th-12th / 

Astronomy 

Proficient/ 
students have 

laptops 

Private School/ 
Suburban 

Yes, often 
invites 

research 
scientists 
from local 

institutions 

Charlie BA-Zoology 
MA-Science 
Education 

16 8th / Earth 
Science 

Beginning/ 
Access to 

computers in 
school 

Public School/ 
Rural 

Yes, often 
invites 
former 

colleagues 
Delta BS-Science 

Education 
MEd-Organization 
and Management 
MEd-Education 
Administration 

20 6th / 
General 

Education 

Beginning/ 
Access to reserved 

laptops 

Public School/ 
Urban 

No 

Echo BS- Elementary 
Education 

MA- Reading 

34 3rd - 6th / 
Science 

Beginning/ 
Access to reserved 

laptops 

Public School/ 
Urban 

Yes, once 
took students 

to museum 
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Summary: Most of the teachers participating in this study have similar traits 

and characteristics, but their differences called for flexibility in the lesson and 

partnership. All of the teachers had a decade or more of teaching experience and 

most keep up with scientific advancements. Only one teacher of the five did not 

solely teach some form of science. Most classrooms had access to computers if they 

were not directly in the classroom, but in some cases, this access was not regularly 

utilized. All but one teacher had previous experience working with scientific experts 

in some capacity. Table 4.1 shows a summary comparison of each teacher and their 

respective classroom environments. 

Section 4.2: Initial Meeting with Teachers 

 The pre-interview focused on how the teacher wanted or needed to change 

the lesson in order for it to be taught in their class. At this point the lesson had only 

been examined by a scientist who was unsure of the lesson’s usability in the 

classroom. Therefore, in the pre-interview the teacher and the scientist were able to 

discuss changes to the lesson that would allow it to be palatable to the students. 

This step proved to be valuable in both gaining insight into the challenges of both 

parties and tailoring the lesson to meet the specific needs of each student group.  

 Teacher Alfa: After reviewing the lesson, Teacher Alfa enjoyed the fact that 

the content was more in depth than they would normally go into for class. Typically 

Alfa has such limited time with the students; the teacher must cover multiple 

subjects in a short amount of time and does not have the time to cover the details 

and intricacies of each subject. In relation to the lesson plans, Teacher Alfa normally 

teaches the students about star color and star temperature, but only briefly.  In the 
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lesson the scientist has proposed, there is much more detail explained and time 

taken on the subject of infrared light and astronomy. Teacher Alfa plans on 

presenting the lesson to the advanced 7th grade group, who have already shown an 

aptitude and passion for science. Additionally, part of the class focuses on the 

students conducting their own authentic research and entering it into a local science 

fair. Therefore, Alfa wants to use this lesson to both introduce the students to Excel, 

while also getting them comfortable using it for research and data purposes. While 

Alfa thought the language in the lesson may be difficult, they believe the students 

will be able to understand it through context clues. Given enough time the teacher is 

positive the students will be able to complete the lesson mostly as presented.  

 Teacher Alfa considers infrared light and astronomy to be right at the 

students’ level, but something that the students would not see in class if not for a 

visiting scientist. Teacher Alfa’s reasoning is that they believe they do not have 

depth of background knowledge to scaffold the students up to the lesson. Alfa was 

pleased that the lesson used astronomy photos and understandable analogies in 

order to break up blocks of science information. The teacher says “the students are 

visual learners and that the visuals are another way to effectively pass along 

information. Also, analogies allow for information to be given in a different form 

which may be more digestible for students”.  Alfa tries to use real data in the 

classroom as often as possible, but does not like when data is “pretty and works out 

so nicely.” Alfa wants the students to understand that real data is not perfect and 

sometimes can create messy and complicated plots. “I find that lessons that are not 

created by me contain data that is pretty and works out.” 



 

82 
 

 The other thing about this lesson and experience that excited the teacher was 

that the astronomy portion of the class always garners the most questions from the 

students. Often, Alfa is unable to answer some of the students’ questions because the 

science is new and the teacher is unable to keep up with all of the new findings. A 

visiting scientist would be able to answer the students’ questions and hopefully 

increase their interest in science. When Alfa teaches astronomy the lesson starts big 

and goes smaller, teaching the universe first, then galaxies, then stars, then planets, 

and finally Earth. This lesson would fit perfectly in the middle to teach students 

“how stars and planets form.” 

 In the initial meeting, the teacher’s idea was for the scientist to teach the 

lesson to the advanced 7th graders and then later in the year, the teacher would take 

what was learned from the scientist and teach the lesson to the 8th grade science 

students. The teacher and scientist both feared that the time requirement necessary 

to familiarize the students with using Excel would be detrimental. The teacher 

believes it may take some time and work for them to understand Excel, but that is 

the reason Alfa wants to work with a scientist and to do this lesson. The teacher and 

scientist both understand this could take some time, but by using real world 

applications they believe it will actually make it easier for the teacher’s students to 

grasp the program and provide an introduction to its functions. This has gotten the 

scientist interested and excited as a new way to use the lesson. 

 Teacher Bravo: Upon initial inspection Teacher Bravo said the most difficult 

aspect of the lesson would be following the directions written because the lesson 

was written for Mac computers, but the students have both Mac and Windows 
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computers. “I tried the data manipulation and ran into some little snags along the 

way and actually worries me a little bit because I work with kids who have Macs and 

PCs and different versions of Mac and PC software.” This issue was quickly fixed by 

having a second set of instructions put on the website. However, this also brought 

up a future issue of why detailed instructions can be a problem. When creating a 

lesson it is not possible to take into account every circumstance so the teacher and 

scientist must think ahead as much as possible but still leave room to allow for 

flexibility in the lesson.  

 Teacher Bravo did not think the lesson was conceptually difficult, but only 

time consuming. Luckily since the teacher is at a private school they get the chance 

every other week to teach the students for four hours. Bravo is actually interested in 

teaching it in the astronomy course, but also using the infrared aspect of this lesson 

for the wave physics class. With the astronomy class already in place, this lesson 

works well for them. Every year Bravo gives the students a podcast on star 

formation to listen to and this year the teacher wants to follow that assignment with 

this in-class lesson.  

 Bravo says the best part of the lesson is that it uses real, readily available 

data. They want to let the students apply methods the students have learned 

previously to real data. “Letting the students apply methods they learned with other 

real data but not data about marbles going down inclines, instead about stars. And 

realizing that, it is a little complicated when you say the one thing, there is certainly 

access to the real data and manipulating the real data and getting a significant result 

out of it.” Bravo wants the students to know that NASA releases their data to the 
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public, “NASA is doing this amazing work of producing this stuff and putting it out 

there where anyone can get to it and this is something they can do on their own if 

they are so inclined.” In fact, the teacher cited the SOHO Sun data that they use in the 

classroom as a reason this lesson is enjoyable. Teacher Bravo mentioned that the 

problem with the data is that it can be difficult to get to and to understand what data 

is useful to the teacher. Teacher Bravo comments: 

Certainly I didn’t know they [my students] could access this data and if I did I 

wouldn’t have known what buttons to push to get the data. It can be the 

intimidating part of this lesson. It would be effective if NASA were to provide 

a service in which teachers could call or contact someone to help teachers 

identify what data may be of interest to them. Teachers could ask what 

certain variables mean and get help with explanations (Teacher Bravo, 

Interview, November 2012). 

While the data is available to the general public for review and use, it seems that the 

accessibility and navigability of the data sets is the issue. However, since Teacher 

Bravo is a private school teacher they do not have to worry about standards. Instead 

the teacher wants to focus on showing the students that NASA makes this data 

available and that anyone can use it to do research and work like a scientist. Also 

Bravo said, “…underlining I want them to think about what the tax dollars that go 

into NASA are accomplishing. And it does produce things the students use in their 

lives. I look forward to showing them six-week old Curiosity [rover] data.” 

 Teacher Bravo believes it is entirely possible to do this lesson the way it is 

presented with only some minor changes, mainly dealing with the hands-off nature 
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of the lesson from the teacher’s point of view. To the teacher it seemed that as 

written, it looked like it was for a student or group of students to do on their own. 

The lesson was, in fact, written in that manner but since the teacher expressed a 

concern the lesson was changed for their classroom. Bravo also wanted to students 

to be able to make more decisions during the lesson. The teacher is afraid the 

students would get into a groove of just doing what they are told without trying to 

understand fully why they are doing it. Therefore to incorporate more of a 

structured framework into the lesson, the teacher wanted to begin with a discussion 

and then allow the students to work on the background part of the lesson. This was 

followed by a second discussion about the graphing part of the lesson, after which 

students performed the graphing exercise, and then concluding with a final 

discussion about the results and comparison of the results in the class. 

 Bravo believes “it could be done without the website, but I think seeing it 

become more interactive; open to students to take the direction they want.  It 

allowed for easier access to the data and to nice astrophotography.” Teacher Bravo 

thought that some of the photos were distracting because the plots were not 

consistent in units, but Bravo mentioned that was not necessarily a bad thing as it 

helped relay the importance of units in science. The section of the lesson covering 

magnitude was discussed as a possibility of being skipped because it may be 

something conceptually difficult and unnecessary to explain. 

 The teacher thinks the video explanations were nice, but the most helpful 

aspect was the screenshot images that showed “this is what yours should look like.” 

This helped to make sure the teacher was on the right path to getting the correct 
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data. However, the teacher is apprehensive that the students would use this to just 

jump to the end without trying to fully understand what is happening. Maybe 

providing a separate site for teachers to access that they have the end results, but 

students do not would be helpful. 

 The teacher and the scientist discussed the use of analogies both in the 

classroom and in the lesson. The teacher uses them in the classroom, but the teacher 

and scientist both agreed that they can be tricky. The main question in the use of 

analogies is their applicability; if they are not fully explored they can introduce 

incorrect information. The analogy of the spinning skater acting similarly to a 

collapsing star was interesting to them. They have actually performed the spinning 

part of the analogy in the classroom to demonstrate conservation of angular 

momentum.  

 For the plots, Teacher Bravo discussed how they would like to incorporate 

them into the coursework. Bravo likes challenging the students, using plots, by 

giving them one and asking, “What does this plot tell you?”  The teacher is confident 

that the students will have no trouble using plots and, as long as they are using 

Excel, sees no reason why there should be a limit to the amount of data they can 

manipulate. Bravo uses Excel in the class for every science experiment and each of 

the students has their own computer they can use for the lesson. The students’ 

knowledge of Excel seemed to be an advantage. Their experience with the software 

allowed for a better use of the time typically needed to explain Excel’s basic use and 

functions.  
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 Bravo’s biggest hope for this lesson is to get to higher order learning 

objectives of kids discovering things and kids being scientists and seeing what 

follows. Teacher Bravo wants to use this lesson as a method of getting the students 

to think like a scientist.  

If I would have designed this I would have focused on showing them how to 

access the data and getting a couple columns of data that made sense to them 

and asking them ‘What can you now do with it?’ or ‘What would you do to 

find patterns in this?’ and letting them try several things and when they get 

graphs that you were leading them to asking them what the graph is showing 

them and what does it mean when this is way out here? Their first reaction is 

that it is an outlier, yeah but WHY is it an outlier? What do they get out of 

that? I want them to realize on their own that there is something different 

about that point, but what could it be? And what do I know? (Teacher Bravo, 

Interview, November 2012) 

 This collaboration gave the scientist high hopes because of the teacher’s 

focus on and commitment to science education. After the initial meeting and 

discussion the scientist knew that they wanted this teacher and this class to be the 

first that they worked with because of the students’ unique aptitude and the 

teacher’s passion for science. The scientist saw the students as the most advanced 

and the group most likely to grasp the concepts. Therefore, if something with the 

lesson was not correct or was confusing, this class would be the most likely to be 

able to rebound from a problem. Teacher Bravo was also very interested in the 

scientist’s research; not just having someone come in to take over the class for the 
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day so the teacher could have a break. Bravo went above and beyond in preparation 

and gave valuable ideas and notes to improve the lesson and the process.  

 Teacher Charlie: After first reviewing the lesson, Teacher Charlie believed 

some parts to be too advanced and the language too complex for the students. At 

that point, the lesson contained Greek symbols and advanced scientific jargon and 

had not been tailored for younger audiences. “The content of the lesson is not 

something generally covered by the district in 8th grade. Usually, the state-wide 

standards are for the 8th grade age range to learn the Earth-Moon-Sun system.” 

Teacher Charlie was concerned that the material covered in this level was more 

appropriate for the 9th grade level in the school district. “In the 9th grade class they 

talk about astronomy, star temperature, star color, and Wien’s law; while, in 8th 

grade they may only briefly mention those things so that the students are exposed 

to it before 9th grade.” Using vocabulary the students do not know can be a good 

thing, because Teacher Charlie hopes they will pick up what the new words mean by 

how they are used in the lesson. Teacher Charlie; however, goes further to introduce 

students to star formation. This introduction supports the lesson and provides some 

context, but the teacher believes the lesson can be used when teaching about 

graphing.  

Some of the main issues Teacher Charlie found with the lesson were the use 

of complex mathematics and symbols which the students would not be familiar 

with. For example, the equations that use Greek symbols like mu and lambda and 

also the use of powers in calculations would either confuse the students or be above 

their head. On the other hand, the use of technology in the lesson was very 
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appealing to Teacher Charlie, especially the use of Microsoft Excel, the website, and 

astronomical images. “Pointing and clicking and playing videos in their leisure time 

is something they can relate to and I think it creates a little bit of familiarity with 

them and it eases some anxiety [sic].” Teacher Charlie feared that the amount of text 

would be overwhelming to students, but did like that the text was broken up over 

multiple pages. This would make it easier for the teacher to present it to the 

students. If Charlie did not want to show them a certain part of the lesson it could 

easily be skipped.  

At the bottom of each page it says ‘Go on’, so even though it is all one long 

process it breaks it up. It helps me, as a teacher, if I just want to focus on one 

part. I don’t have to do some editing myself by setting the page at a certain 

position or [saying] ‘don’t worry about this we are skipping down’… 

For Teacher Charlie, the layout and use of technology is a strong point to the lesson 

as it allows for a more flexible and comfortable setting.  

 Teacher Charlie thought that the full lesson might prove to be time intensive 

for the students, given their limited experience with data and Excel. Bravo does not 

believe that the students have time to download the data from NASA using the 

website. The teacher says it would be time consuming while also not adding any 

further active learning to the lesson.  

I see what the goal is to have them enter data and see where the data comes 

from, it’s not just some here it is, it came from somewhere and someone 

collected it and here is how they collected it and here is how we are going to 
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use it to maybe already have the data set already distilled down to something 

a middle schooler could handle.  

The teacher would rather start with pre-downloaded and manipulated data which 

the students can use to make plots. However, Charlie liked that there is a backstory 

of where the data came from. Teacher Charlie wants the students to know that the 

data is collected from a real source, what that source is, the scientists who gathered 

the data, and how the data was collected in the lesson. A minor issue is that the 

process of reading the instructions while doing what the instructions ask 

simultaneously seemed very complicated to Teacher Charlie. It required the 

browser to have multiple pages open at the same time and seemed to rely heavily on 

switching back and forth. This could be confusing and overwhelming some of the 

students who may not be as familiar with computers or working with multiple 

programs at the same time.  

 Teacher Charlie wants to use this lesson as part of the data-plotting unit. 

“This would be a graphing kind of standard, which is part of the math standards. The 

idea of it is to be able to read and make graphs.” Normally the unit plans consist of 

five different plots, building up in difficulty. The final plot uses actual data collected 

previously by Teacher Charlie. With the introduction of this lesson into the teacher’s 

repertoire, the teacher could use this NASA data, which has been pre-manipulated 

for the students, as the final plot in this graphing unit.  Teacher Charlie was also 

confident that would be ample time to set up the lesson and plot the data in future 

80-minute class periods. 
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 After talking with Teacher Charlie, the teacher and the scientist agreed that 

because of the background knowledge required to teach this lesson Charlie would 

like the scientist to take the lead on the lesson’s presentation. Also, the teacher 

thinks the students would pay more attention to an expert visiting scientist. Charlie 

hopes that since the scientist is more familiar with the background information the 

scientist could scaffold the students up, allowing the students to draw their own 

conclusions during the second part of the lesson. The scientist found this interesting 

because Charlie wants the first part of the lesson to be more traditional teaching and 

the second part to be inquiry. This is interesting because the teacher and scientist 

would be scaffolding them up to not only the more complex concepts of the lesson, 

but also the method through which the lesson is presented. A question arose in this 

questioning; can the teacher and scientist give the students enough prior knowledge 

so that they are able to draw their own conclusions? The teacher and scientist both 

believe that, with the proper scaffolding methods, it is possible and all efforts will be 

focused to present the lesson in this manner. 

 Teacher Delta: Teacher Delta plans on doing the lesson throughout the 

school year. The class has only thirty minutes of science each day, but the teacher 

believes that this lesson has so much great information and is designed in a way that 

the lesson can be done in thirty-minute increments. Then later in the year Delta 

would like the scientist to visit the classroom and do the entire lesson again in a 

slightly different manner. Since the material is difficult for 6th grade students the 

teacher decided this method will help them understand it better. This lesson goes 

into details of astronomy that Delta would not normally have the chance to go in to 
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with the regular lesson. Teacher Delta mentioned that the use of “scientific jargon” is 

one of the largest benefits of the lesson.  

  …often times I think that our curriculum is middle to low road and so we are 

not challenging the students. We are not using specific scientific jargon.  And 

we dumb it down for them so they can easily understand it, but we leave the 

students that need challenging. Then when students go into science and they 

haven’t been exposed to the jargon, they do not have that background. They 

may understand a concept deeper than another teacher may realize but 

because they haven’t used the correct scientific terms or didn’t have a 

connection the teacher doesn’t realize it (Teacher Delta, Interview, October 

2012). 

Therefore it is important to introduce the students to technical terms and scientific 

language early in their academic experience. The students need to have this basis of 

knowledge upon which to grow.  

 Teacher Delta likes that the lesson uses multiple education techniques to 

reach different groups of students. For example, “there is great written content, 

great image, great videos, the analogies help explain things well, and there are also 

mini-labs that kinematic students would learn from.” However, Delta thinks there is 

just too much information for the students. The teacher would like to use this lesson 

as an introduction, by removing about a third of the information. “Less concepts, 

same detail for the remaining concepts.” 

 Delta often tells the students, “in the future their desks will be SMART 

boards.” For this reason, the teacher thinks the lesson works best as an online 
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webpage. Delta would like to develop the lesson further to be used on SMART 

boards. It would be great if the students could interact with the lesson using a 

SMART board. For example, being able to spin a dust cloud down to a start, or seeing 

how a graph changes if some features of a star (temperature, size, color, etc.) are 

changed. Delta also enjoys that the inserts are age appropriate, “I think sometimes 

in science we tend to baby it down. We make it cartoonish and silly to try and 

engage the kids, but I am firm believer that the kids are scientists.” Therefore, the 

teacher likes the use of scientific terms that the students may not initially know, but 

should know. 

 Teacher Delta is very big on challenging the students, so they want to try 

most of the things presented in the lesson. If the students truly are not getting 

something it can be skipped, but Delta says the teacher and scientist will not know 

what the students do not understand until the teacher and scientist try to teach the 

lesson to the students. Delta breaks the students into groups that they feel are at the 

same intelligence level; therefore, the teacher is able to tailor the lesson according to 

the students’ abilities. Delta will give the advanced students more challenging 

problems and the other student groups’ problems that are challenging to them, but 

would be easy for the advanced group to keep them engaged. 

 Teacher Delta plans on using this lesson because they want the students to 

understand where stars come from. While schools often teach the life cycle of stars 

what they really teach is from mid-life through death. Schools rarely discuss the 

creation of new stars. Delta thinks this lesson would be perfect for doing that. Since 

this is a difficult topic, the teacher liked the analogies presented and they often use 
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analogies in the classroom. One problem with the lesson is the lack of more external 

links and discussion presented. Teacher Delta says, “our kids don’t normally have 

scientific discussion, so giving them a reason to have those discussions with others 

is great.” The teacher would like to present the students with information the 

students can bring home to show family and friends. 

 After the initial meeting the scientist was excited about the way the teacher 

wanted to do the lesson. Delta wanted to use the website the scientist created to 

bring information to the students in small quantities. Then later have scientist visit, 

once the teacher thought the students had enough background information. When 

the scientist visited the class would go over the information again and do the 

graphing portion of the lesson. Having an expert visit the class would get the 

students re-interested in a topic they had been covering.  The scientist thought this 

was a unique approach and looked forward to giving it a try. 

 Teacher Echo: After reviewing the lesson Teacher Echo thinks the Excel and 

the data portion of the lesson would be way too advanced for the students. Further, 

while the school has laptops available to students they can be difficult to use for 

various reasons. Echo thinks they would spend more time getting the students 

prepared then actually teaching, so the teacher would rather not do parts of the 

lesson that require the students use a computer. Teacher Echo states, “I can present 

parts of the lesson on the classroom computer in the front and the students will then 

go home and try parts of the lesson that interest them further.” The idea was to 

simplify the data enough that the students could make plots by hand on graph 
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paper. This would help teach them about reading and interpreting data and how to 

make graphs from data. 

 Teacher Echo would like to use this lesson to teach about stellar evolution 

and NASA missions. The lesson will be used to teach about the electromagnetic 

spectrum and focus on infrared light. The visuals and analogies make it easier for 

students to grasp the difficult science concepts. Echo likes the images because they 

are real and look real, “This is a reason I like to stay away from the books because 

sometimes the books put a cartoon or a diagram. Students need to see the real thing. 

They need to know it is real.” 

 Teacher Echo’s students are more visual learners and so this lesson really 

helps them. Echo likes doing experiments in the class so they would like to recreate 

Herschel’s experiment where Herschel first discovered infrared light. However, the 

teacher wants to talk about the different NASA missions and how/why NASA 

collects data. While Echo feels the data may be too advanced for the students, but 

the teacher still would like the students to know the data exists. Echo will have the 

students collect data from the Herschel experiment and make plots so they feel like 

scientists doing research. 

 Teacher Echo wants to use this lesson to allow the students to be more 

independent from the teacher and to work together in groups. The topics presented 

in this lesson are not something the teacher would have covered if they had not 

been shown this lesson. Echo looks forward to doing this astronomy lesson because 

the students often ask astronomy related questions. 
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 Teacher Echo’s idea of having students hand plot data was intriguing to the 

scientist. Would it be possible to edit the NASA data so that it is still real, but it 

would be simple enough for the students to graph it by hand? Also, the idea of 

recreating Herschel’s prism experiment was also interesting to the author. It is a 

simple experiment, but it had huge results and impacts for the world of science. 

Further, the results were an accident and this can be a powerful message for 

students. Scientists do not go out looking for a specific answer they just collect data 

and interpret what the data tells them. 

Summary: There were a few main trends which presented themselves after 

comparing all of the teachers’ preliminary thoughts about the lesson. Through 

examining their concerns, the scientist found that all of them had some concern 

about procedural issues such as learning Excel, using computers, and time 

constraints. Only a few found the language in the lesson to be advanced, and one 

teacher even liked that it challenged the students to expand their knowledge. The 

main concern besides procedural issues was the amount of text and information, 

which could be overwhelming to a younger student. The data portion was also an 

issue for the students closer to the 6th grade level as it may be too advanced without 

the proper scaffolding.  

 There were also two main trends throughout the teachers’ goals for the use 

and outcomes of the lesson. Some teachers saw the lesson as a tool to introduce 

computer programs like Excel or to aid in teaching graphing. Such goals are not 

unreasonable or irrational, but border on losing the focus of the lesson which is 

astronomy. Other teachers wanted to use the lesson for its challenging nature to 
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make their students more independent learners, implement higher order learning 

objectives, and to familiarize them with the nature of science. These teachers saw 

the lesson as a jumping off point to introduce NASA missions, historical 

experiments, and to help teach more astronomical concepts like stellar evolution. 

Below is a table summarizing the teacher’s preliminary goals and concerns:  
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Table 4.2: 

Summary of Lesson 
Designation Lesson 

Presenter 
Preliminary 
Concerns 

Preliminary Goals 

Alfa Scientist - Time needed to 
explain Excel 
program 

- Teach infrared light concept  
- Use lesson as a pilot practice 

for next grade level,  
- Familiarize students with Excel 

Bravo Teacher - Mac  versus 
Windows version 
of instructions,  

- Lesson seemed 
time consuming 

- Students may just 
jump to the end 
with the 
screenshots 

- Use lesson in the astronomy 
and physics course 

- Expand knowledge of NASA 
data availability 

- Bring more structure to the 
lesson for the students 

- Implement higher order 
learning objectives for students  

Charlie Scientist - Language and 
math too 
advanced 

- Amount of text 
- Procedural 

switching back 
and forth 

- Use lesson as part of data 
plotting unit 

- Teaching the nature of science 
- Allowing students to draw 

their own conclusions 

Delta Scientist - Too difficult for 
6th grade age 
group 

- So much 
information may 
be overwhelming 

- Challenge the students with 
new terms and language 

- Use lesson to engage all types 
of learning abilities 

- Help students understand star 
formation 

Echo Scientist - Excel and data 
portion are too 
advanced for 
students 

- Computers are 
difficult to use  

- More time spent 
preparing 
students than 
actually teaching 

- Teach about stellar evolution,  
NASA missions, 
electromagnetic spectrum, and 
infrared light 

- Bring astronomy into reality 
for students  

- Recreate Herschel’s 
experiment 

- Allow students to be more 
independent learners 
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It was interesting to be able to see the trends emerge in only the preliminary 

interviews and discussion of the lesson. Their primary concerns and goals really 

seemed to define how the lesson would be presented and the paradigm of the 

scientist and educator partnership. While the scientist can relate to the teachers 

wanting to use the lesson as a jumping off point to present more scientific concepts, 

the scientist can see the value in the use of the lesson as a tool. In the use of the 

lesson as a tool for learning another skill, the students are still gaining experience 

with astronomy. Further, this was not something the scientist expected to encounter 

and therefore helps explain, from a scientific point of view, the needs of educators; 

especially their need to meet educational standards. 

Section 4.3: Teaching of Lesson in the Classroom 

 The idea of this study is to look at how teachers and scientists interact when 

creating a lesson. Because the scientist presented the lesson to the teachers and 

gained their input, it was the scientist’s responsibility to edit the lesson according to 

the needs noted by each teacher. This section will discuss the changes made to the 

original lesson for each class and will then examine what seemed to work in the 

class and what did not. It is also important to observe how the students reacted to 

this new lesson that was created from the teacher and scientist interaction. The 

lesson started out on a web-based format that followed the format of first discussing 

how stars form, Wien’s law and the relation between temperature and color, the 

electromagnetic spectrum and the discovery of infrared light. Then the students 

downloaded NASA data and worked in Excel to graph the actual NASA data. Once 

the graphing was complete, the students are intended to analyze the graphs 
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according to background knowledge and determine which stars are different and 

why they are different. Any changes made for each individual class are noted under 

the respective teacher’s section.  

 Teacher Alfa: Teacher Alfa used this lesson on the advanced 7th grade 

students and decided to try to use Excel. There were a few changes the scientist had 

to make to fit better with the students’ needs. The scientist taught the lesson using a 

PowerPoint presentation instead of using the online, self-guided lesson. This way 

the scientist was able to scaffold up the students and take the lesson step-by-step. 

The students were also given the manipulated data, rather than having to download 

it and clean it up. The other change made is that the students were given individual 

stars to plot instead of the entire list, which would better fit in their class period.  

The teacher asked the scientist to teach the lesson because Alfa did not feel 

comfortable presenting the information needed to understand the exercise. 

However, during the lesson the teacher graded papers in the back of the room and 

did not seem to be paying attention to the lesson as the scientist was presenting it. 

This made the scientist doubt that the partnership between this teacher and 

scientist would have enough of a give and take. The only time the teacher looked up 

from grading papers was to discipline the students who were not paying attention. 

 Since the scientist was teaching the lesson for the students and the teacher 

had expressed concern over the students learning and having experience with Excel, 

the lesson was tailored down to an introductory level. To do this, the scientist took 

out the more advanced Excel functions and parsed out the data activities. However, 

the students finished the lesson very quickly, in fact, quicker than any other class. 
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The lesson was planned to fit in the 50 minutes of class time. For the first 20 

minutes, the scientist did the background and introduction to the lesson which 

included scaffolding the students up to the more complicated concepts. The next 30 

minutes was allotted for the data plotting, but the students finished in 10 minutes. 

This was because the students had just finished their state science fair projects, in 

which each student ended up using Excel. With the lesson tailored down for an 

introductory level when the students were actually skilled with Excel, the scientist 

had to scramble to fill time. A better educator-scientist partnership could have 

avoided this problem. Had the scientist had prior knowledge that the students knew 

how to use Excel the lesson could have been changed; however, the teacher was not 

sure the students knew how to use Excel. 

Further, since each student had their own computer they were distracted. 

The scientist noticed, while teaching the lesson, that many students were using the 

computers for their personal web browsing rather than solely for the lesson. The 

scientist knew this because the teacher would shout at a student “close that, right 

now!”  While teaching the lesson the scientist could not see their monitors so there 

was no way to know they were paying attention or following along in the lesson.  

Throughout the lesson the scientist found that there were aspects of the 

lesson which worked and aspects that did not. It was found that the scientist’s 

knowledge of the background and scaffolding helped the students become prepared 

for the rest of the lesson. The two aspects that did not work out as expected were 

that the teacher was not actively listening and participating throughout the lesson 

and that the students were not adequately challenged by the Excel portion. Without 
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the teacher involved and actively listening and participating in the lesson, it seems 

that Alfa has no way of replicating the lesson in the future. Further, because the 

students actually did know Excel, but the scientist had overcorrected the lesson to 

account for students who were not familiar with the program, they were not 

adequately challenged. With the lack of communication between teacher and 

scientist about the students’ Excel use, the scientist felt that the class time was 

misused. The scientist ended up having to find something for the students to do with 

the remaining twenty minutes. The scientist believes that the students did learn 

during the background portion because they understood the plots that they 

generated and what they meant. This lesson proved to be difficult in working with 

the teacher but the lesson was successful in teaching the students about infrared 

astronomy, but did not challenge the students as much as the scientist had hoped.   

 Teacher Bravo: Teacher Bravo was the only teacher who felt confident 

enough to do the lesson completely on their own. The only addition or change to this 

version of the lesson was that the teacher wanted to have a bit more structure to the 

lesson with some teacher-led discussion. Teacher Bravo wanted to first present the 

background to scaffold the students up to the lesson, have them complete the self-

guided lesson, and then have a classroom-wide discussion. As a private school, the 

teacher was allotted more time, four hours total, to present the lesson. Therefore 

students had more time to grasp the concepts and delve into the science. With this 

extended time, the structure of the lesson was carried out the closest to the original 

design of the lesson.  
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Teacher Bravo started the lesson by showing the students gas emission tubes 

and talking about how different elements emit strongly in different wavelengths. 

The teacher then e-mailed them a link to the online version of the lesson and let the 

students follow the lesson at their own pace. This teacher and the scientist walked 

around the classroom to answer questions from the students. Bravo seemed very 

interested and invested in the success of the lesson and the students’ success.  

 The students were very comfortable with computers and the use of Excel. As 

a private school, the class was structured very different than a normal class. The 

students had four hours, two hours before lunch and two hours after lunch, to work 

on the assignment. This time allowed for more detail and for more individual 

attention given to each student. After all of the students had ample time to work on 

the lesson, there was an in-class discussion about what they learned and what some 

things they could do next are. This post-lesson discussion was very active with all 

students participating and coming up with ideas for possible future studies. 

Students compared their graphs with their classmates to look for differences and 

were able to come to conclusions about the stars’ properties. Many students pulled 

both the scientist and the teacher aside to ask more advanced external questions 

and showed interest in continuing the research in their own time outside of class.  

 Teacher Bravo’s class was unique in a few characteristics of the school’s 

structure, teacher investment, and student interest which made it easier to 

implement the full lesson. The students showed evidence of learning and retention 

of the lesson in their questions and ability to identify the stars’ characteristics. It 

seemed that the individualized manner of the computers and the students’ 
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knowledge of their use as well as skill with Excel made the lesson run smoothly. The 

lesson went according to plan during the four hour period. It was actually surprising 

to the scientist that it took four hours to fully introduce the lesson, allow students to 

plot the full data set, which was given to them, and then analyze the data. This 

lesson was unique because in the average public school, a four hour time slot and 

individualized computers and attention is unrealistic.   

 Teacher Charlie: Teacher Charlie had four different classes in which the 

teacher and scientist presented the lesson over two days; one class on the first day 

and three classes on the second day. These lessons were different because they 

presented the opportunity to alter the lesson after testing it out once. All of the class 

periods were 80-minutes long, which the teacher and scientist had originally 

planned to split in half. The first half was planned to be the background portion of 

the lesson and the second half was left for graphing, analysis, and discussion. The 

students were assigned individual objects in the data to examine rather than the 

entire data set. This presentation was conducted through PowerPoint rather than 

the web-based lesson. The students also did not use computers and Excel, instead 

they graphed by the data by hand.  

 The collaboration with Teacher Charlie went smoothly and the partnership 

was successful. This partnership showed the scientist that it is possible for scientist 

and teacher to quickly alter lessons according to the needs of the students and time 

frame. After the first lesson, the teacher and scientist ran out of time and had to 

adjust the lesson to fit the time constraints. The teacher and scientist came to the 

conclusion that the lesson would be changed so that the scientist’s introductory 
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section would be shortened to twenty minutes, then the teacher would take over 

and explain the graphing section for twenty minutes, then the students would have 

thirty minutes to graph the data, and finally the last ten minutes would be reserved 

for analysis and discussion. While the teacher originally sought to use the lesson as a 

tool for teaching the graphing unit, Charlie did want to support the students in 

forming their own conclusions and to teach the nature of science.  

 Students in Teacher Charlie’s class were mostly engaged and interested in 

the lesson. Each class had about twenty students and over half of them each time 

were engaged, asking and answering questions. To explain the lack of engagement 

by the rest of the students, Teacher Charlie stated, “you can’t always get every 

student to participate; sometimes some students are just not interested or are 

having a bad day.” Many of the students; however, had more procedural questions 

as the lesson progressed. There was some confusion with the graphing portion and 

students did not know how to graph decimal values at first. This presented the need 

for the teacher to alter the lesson and provide some supporting technical 

information to aid in the process. Otherwise the students seemed shy and stayed 

mostly quiet throughout the lesson.  

 This lesson’s setup was fascinating because there were four different classes 

with different students each time. After the first lesson on the first day there was 

time for the partnership to talk and the teacher and scientist were able to make 

some changes quickly to improve the lesson.  The students seemed to learn and 

warm up after they were presented with the background information. There was 

one student who actually showed up and went to sleep, but once the scientist began 
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the introduction and started asking questions the student seemed excited about the 

lesson and eager to learn. One aspect that worked for the students was the hand 

graphing, which allowed them to have hands-on experience with the data. The 

graphing also proved to be problematic when trying to graph the decimal values. 

Teacher Charlie was open and willing to collaborate to find solutions to the 

problems of going over time and dealing with the graphing issues. Though this was 

one of the least similar lessons to the original design, and unique in the amount of 

times that it was presented, it proved to be one of the most successful teacher and 

scientist collaborations.   

 Teacher Delta: Teacher Delta had a unique approach to doing the lesson. 

One problem in the district is that: 

Science is only thirty minutes per day and is also the last section of the day. If 

I take out setup time and the end time when students are not paying 

attention because they know the bell will be ringing soon to get on the bus, I 

might have fifteen minutes to teach science each day (Teacher Delta 

Interview, October 2012). 

Teacher Delta’s approach to the lesson was to present each part of the lesson in the 

15 minutes the students had allocated each day over multiple weeks. “The website’s 

design made it easier to break-up the lesson over multiple days and weeks.” After 

the teacher had presented all of the background information through the website 

format, the teacher had the scientist come in for a special two hour session with the 

students. In this session, the scientist presented the background information in a 

new way using a PowerPoint presentation of the website lesson, going over the 
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background information in more detail, and using scaffolding techniques to 

familiarize the students with the more complex terms and concepts in the lesson. 

Teacher Delta thought this would help with students’ retention stating, “I feel them 

hearing the same information twice from different people will aid them in 

understanding it better [sic].” After the scientist presented the background 

information, each student was assigned an object from the NASA data and worked 

on plotting it by hand. The students were presented with the numbers for their 

assigned stellar object and through guided inquiry decided what they wanted to do 

with the numbers. Because of the graphs presented in the pre-discussion they chose 

to make plots similar to the plots from the scientist’s research. After the plotting 

their assigned stellar objects on graphing paper, the students discussed what the 

graphs told them. Through the graphs, students were able to determine the color 

and temperature of the stellar objects and compare them to their classmates’ 

results. In this comparison they learned which objects were stars, which were new 

stars, and if any objects were not actually stars. If the objects were not stars, it was 

discussed that this might be important and that a scientist would contact NASA at 

that point to study the object further.  

While the teacher was very involved in the preliminary introduction of the 

lesson to the students, Delta relied on the scientist during the presentation of the 

lesson in further detail.  The teacher was confident enough to present the 

information to the students during the piece-by-piece lessons over the 6 weeks 

during their allocated science lessons; the teacher wanted the scientist to present it 

again in a different format. Teacher Delta thought that this would help the students 
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retain the information better. When the scientist arrived, the teacher handed over 

the class and sat down to grade papers. The partnership, in this respect, did not 

have the ideal give and take and mutual learning the scientist would have liked.  

The students in the class seemed very interested in the lesson and could not 

wait to ask questions about the concepts. This was especially true during the 

background portion of the scientist’s presentation. The scientist had to ask them to 

hold their questions until after the lesson. The scientist noticed that during the 

graphing portion of the lesson, many students were helping their classmates with 

their graphs. The students were excited to learn about the stars from an expert 

scientist who conducts this kind of research. All of the students seemed to be 

engaged in the lesson and followed the lesson through, but had even more questions 

which were related to space and astronomy.  

This lesson proved to be successful in the engagement of the students and 

ability for the flexibility of the teacher. The main aspects that worked with the 

lesson were the ability of the teacher to present it piece by piece during their 

science lessons, the students’ excitement to learn astronomy, and the partnership 

formed between the teacher and scientist. The teacher was able to slowly break 

down the lesson, through the web-based format, to introduce to the students. 

Having this slow and steady introduction allowed the students to have time to 

prepare for the lesson which the scientist would come in to teach later. This way the 

students had already been familiarized with the content, terms, and context of the 

lesson.  Further, the students were genuinely interested in astronomy and space-

related topics. This made it easier to keep them engaged in the lesson and excited 
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about using real data to plot stellar objects. Finally, the partnership formed between 

teacher and scientist proved to be mutually beneficial. Before the lesson the 

scientist was able to present a planetarium show to the class at a museum. Recently, 

the teacher has contacted the scientist twice outside the confines of this research 

project to come and speak with the class about the discovery of a new planet. The 

scientist was able to use this experience to enhance skills of public speaking and 

explaining complex scientific concepts to a younger audience. The only aspect that 

would make the partnership better would be to have the teacher engaged 

throughout the lesson.  

 Teacher Echo: Teacher Echo’s class had a few characteristics which made it 

necessary to tailor the experience from the original lesson to fit the class. First, 

Teacher Echo did not want to use computers in the class for various reasons, 

including the ability to get them to work, the extra distraction it may present, and 

the filters on internet access that may interfere with the lesson. Next, the class 

actually contains two teachers throughout the year, one of them being a student 

teacher and the other, Teacher Echo. This allowed each student to get more 

individualized attention during lessons. The lesson was set up to fit into an hour of 

class time so the scientist was able to use a PowerPoint and scaffolding techniques 

to assist students in their understanding of the lesson. In this class, the students 

hand-plotted the data instead of using Excel. Each student was given their own 

stellar object to plot rather than the entire data sheet. These changes allowed the 

students to be able to complete the lesson in the given time. 
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 Teacher Echo had the students work in groups of four to hand plot the data 

onto graph paper. For the planning period of the lesson, the teacher was very 

interested in creating new lessons or bringing in experts for new lessons, but wary 

that the teacher may be missing the mark with the students’ interest. 

I think it excites me to do something new. It motivates me to make a new 

lesson. We need to know where to go to find this new information. Often I 

don’t know if is appropriate or not or how feasible it is to do in my classroom. 

I have to read all through it then I wonder if I will spend all this time and the 

students will not be interested.  

This lesson allowed the opportunity to have an expert come in who has tested the 

lesson prior to the in-class presentation for its effectiveness. The risk is lowered 

with this situation because the lesson has been performed in some capacity before 

the students are presented with it. Teacher Echo seemed to also be interested in 

engaging the students during the lesson, walking around with the student teacher 

and the scientist to answer any questions that came up during the lesson. 

 For the most part, the students in Teacher Echo’s class were active 

participants in the lesson. Some students asked questions where they did not 

understand certain topics or encountered procedural issues in plotting the data.   

Afterwards the students had multiple astronomy related questions dealing with 

black holes, time travel, and the existence of extraterrestrial beings. This lead to a 

very good class discussion about each topic and students actually suggested ways in 

which they could use the data they had access to. If the data did not exist, they 

brainstormed what kinds of data to ask NASA to collect to help them with their 
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research. There were only a small number of students who did not want to 

participate in the lesson’s graphing portion and gave up without trying. They 

claimed that the lesson was difficult without attempting to understand. This seemed 

similar to Teacher Charlie’s situation where a few students were just not interested.  

 Teacher Echo’s lesson seemed to run fairly smoothly and had some 

similarities in the successes and failure of the other classes. The one aspect that 

made it especially easy to teach was having the extra hands of the teacher and 

teaching assistant to aid the scientist in reaching the students. The students also 

seemed to respond well to graphing the data given to them by hand.  Most students 

were very interested in the lesson and background because they had astronomy-

related questions that went beyond the lesson. The only thing that did not work was 

that a few students did not even want to attempt the lesson before giving up and 

saying it was “too hard.” The scientist found this disheartening because these 

students did not even want to try to perform the exercise. The other students; 

however, made up for it in their excitement. With the more individualized attention 

available, the excitement for the lesson by most students, and the engagement of the 

teacher this lesson seemed to establish a good partnership and experience between 

teacher and scientist. 

 Summary: Most of the teachers did not feel comfortable attempting the 

lesson on their own, which shows that a good educator-scientist partnership is very 

beneficial. With proper scaffolding students were able to understand advanced 

astronomy topics while also being engaged. Having an expert visit is one way of 

invigorating a classroom and can also be used as a tool to reinforce a teacher’s 
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claims and ideas. Teachers were very willing to express their concerns with the 

lesson which helped ensure a better lesson and the best possible outcome for their 

students. The concerns with the lesson were fairly consistent from teacher to 

teacher, those being the technological problems (computer and internet 

requirement) and the time constraints. With the expertise of the teachers the lesson 

was adapted to best fit the classroom. The original lesson, while well intentioned, 

was not ideal in practice, but because of the partnership between scientist and 

teacher was changed in a manner to allow the lesson to be used in the classroom. 

Table 4.3: 
 
Summer of Major Lesson Adaptations 

Teacher Major adaptations to the lesson 
Alfa -Scientist led PowerPoint background discussion 
Bravo -Teacher led discussion before and after the lesson 
Charlie -Scientist led PowerPoint background discussion 

-Teacher led explanation of graphing 
-Hand plotting of data instead of Excel 

Delta -Teacher led, 30-minute once a week for six weeks, background 
discussion 
-Scientist led PowerPoint background discussion on day of plotting 
-Hand plotting of data instead of Excel 

Echo -Scientist led PowerPoint background discussion 
-Hand plotting of data instead of Excel 

 
Section 4.4: Post-lesson Meeting with Teachers 

 
 The post-lesson interview examined what the teacher thought of the lesson 

after it had been presented and what they would do different in a future lesson. It 

was also asked if the teacher would consider doing the lesson again in future years. 

Also discussed were ideas on how to get in touch with scientists in the future. 

 Teacher Alfa: Teacher Alfa greatly enjoyed the lesson, but said, “While I 

know my advanced 7th grade students did well today, I don’t think my regular 8th 
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grade students would be able to do this lesson no matter how we changed it.” As the 

scientist continued to try and understand why Alfa believed only the 7th grade 

students could do the lesson the scientist learned that, “The problem is I don’t have 

a lot of time. For example, I had to teach earthquakes and volcanoes in one day. In 

the real world I would spend three days teaching just one advanced topic, but it just 

isn’t possible.” 

 Teacher Alfa did say that they learned some new things through the lesson 

that they could add to their future lesson plans.  Alfa explains, “I never knew that 

anyone could have access to real data from NASA, I am sure that is something my 

students would love to use.” The teacher was excited at the possibility of accessing 

actual NASA data for future use. Every year Teacher Alfa has the advanced students 

participate in the state science fair, where students are encouraged to perform 

original research and collect data for their projects. Alfa thinks this would be a great 

use of real data provided by NASA to expand the students’ knowledge of astronomy 

and the scientific method. 

 When it came to working with experts Teacher Alfa had some suggestions, 

but the biggest concern was time and flexibility.  Because of the time constraints 

that teachers are under, experts must be flexible when it comes to working with 

teachers and schools. Teacher Alfa says they would be comfortable contacting local 

experts, but the teacher does not know how to go about doing that. Also, because of 

time, lessons must cover a wide range of topics in a small amount of time. Teachers 

do not have the option of teaching one topic for a week. To alleviate this burden, the 

author suggests that in the future, these constraints of time and necessity of 
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standards to meet are communicated to potential experts. This way the teacher can 

bring in experts but their lessons will fit smoothly into the unit they are teaching 

and the lessons would introduce any skills necessary to be gained by being 

conscious of standards.  

 Teacher Bravo: Teacher Bravo is in a unique position at a private school, 

many of whose students have parents that work in the science field and therefore 

have a passion for science themselves. Teacher Bravo used the lesson for the 

astronomy class, but said “I could see myself using this lesson next semester in my 

wave physics class.” Bravo loved using the real data from NASA and thinks it is a 

great experiment for students to do to understand multiple wavelengths. However, 

the teacher said without an expert available to show how to use the NASA website 

the teacher would not have went forward with it as it would have taken more time 

than the teacher had to try and understand how to properly use the NASA site. “It 

would be nice if NASA if had a contact on how to use these things.” 

 Teacher Bravo was the only teacher that allowed the students to use the 

website on their own and really follow it self-guided. However, this could only be 

done because the students were much more advanced in science. Bravo thinks the 

future of education is in technology. Also, Bravo understands that when the students 

go home they are on the computer most of the day, so having a lesson online is only 

a natural progression.  

 Although Teacher Bravo said the lesson was challenging, they did not believe 

the lesson was impossible, “I think me framing the lesson as something that very 

few people in world use this data and do what you are doing helped it sync in for the 
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students. They are willing to work a little harder knowing that they are doing 

something that not everyone gets to do.” Teacher Bravo wants to push the students 

because the teacher knows that they do enjoy science and understands they need a 

challenge. 

 Teacher Bravo is very lucky because the school is located in an area of both 

multiple colleges and also multiple science related companies. Some of the teacher’s 

students’ parents do science for a living and so for Teacher Bravo to contact an 

expert is not the most difficult thing. Teacher Bravo also has the ability to travel to 

conferences and meet with other teachers, which allows for sharing of ideas about 

future lessons. Many public schools do not have this funding for their teachers to 

meet with other teachers outside of their school system. 

 Teacher Charlie: Teacher Charlie fully understands the benefit of having an 

expert come in to the classroom for multiple reasons. Charlie once worked in the 

science field doing research before becoming a teacher. It is understood that 

students can get complacent when they hear the same teacher over and over. By 

inviting in experts Charlie hopes to have the students understand that the teacher 

knows what they are talking about.  

 “I will not lie, after our initial meeting I was worried, but things worked out 

great because you took my thoughts and ideas and changed the lesson to work in my 

class.” Teacher Charlie was afraid the lesson would not work, but after talking and 

working together to make changes the teacher thinks the lesson went really well. “I 

am glad we changed from a website based lesson to a power point. If we would have 

done the website it would not have gone as smoothly.” By working with the expert 
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Charlie was able to do modern science, while also making the lesson digestible for 

the students. While the website was great in theory, it practice it does not work in 

the classroom.  

 Teacher Charlie feels that some of the stuff learned from this lesson will be 

used in future years. It will not be done exactly the same, but just by working with 

an expert Charlie learns a little more each time. Teacher Charlie and the scientist 

were also able to work together well enough that they could change the lesson on 

the fly as each class was done. By the fourth and final class the lesson was very 

polished.  

 Teacher Charlie is at an advantage from other teachers in that they used to 

work in science before becoming a teacher. Therefore, Teacher Charlie still has 

contacts that they can use to get in touch with and invite scientists to the classroom. 

However, the teacher understands the problems that come with trying to find an 

expert to come to the classroom for a lesson. “People are all busy and it is easier to 

do nothing than to do something. Everyone involved must sacrifice something for 

the students.” 

 Teacher Delta: The lesson with Teacher Delta showed the scientist that with 

the right work the lesson could be used in very short increments. Since the teacher 

only had thirty minutes at a time a way was found to adapt the lesson to work 

around the short time frame.  The lesson was designed in a way to have multiple 

stopping points, so that each section could be done in a short amount of time.  

 Teacher Delta thinks that with proper scaffolding any age group can be 

taught anything. The partnership allowed the teacher and scientist to develop 
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analogies that the inner-city kids would understand. Sometimes educators do not 

realize that kids may not understand an analogy because of how they grew up and 

what they do and do not know. Teacher Delta said that initially the lesson had 

terminology that the kids would not understand, but by working together the 

teacher and scientist were able to fix the lesson so that the kids were exposed to 

new vocabulary while being able to use context clues to understand the new words. 

Teacher Delta said: 

I think sometimes we baby the kids; we don’t push them as hard as we can, 

because as teachers we are afraid that if they do poorly it will reflect on us 

and we will lose our job. However, if we don’t push these kids they will never 

grow (Teacher Delta, March 2013). 

Teacher Delta and the scientist both believe that with proper scaffolding any lesson 

can be taught in the middle school classroom. While the lesson may not present the 

students with the most advanced information, it can still challenge them with 

current science. 

 Teacher Delta enjoyed working with a scientist, but when asked if they would 

do it again said, “I wouldn’t know how to contact them honestly and I would feel like 

I was bothering and imposing on them. I would love to have a scientist come in on a 

regular basis, because I don’t have the training quite frankly.” Teacher Delta 

acknowledges that it is impossible to keep up with science at the pace it is 

developing, but wants the students to be up to date, so working with local experts 

would aid greatly in staying up to date. However, Delta thinks that scheduling 
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meetings, especially with the science class being only thirty minutes, would make it 

nearly impossible.  

 Teacher Echo: Teacher Echo found the lesson useful as an introduction to 

astronomy before they started teaching the astronomy unit. They commented that 

the expert and the use of NASA data “got my students excited for what they would 

be doing next in class.” While Echo feels that the lesson could still use some work for 

the students to be truly engaged in the lesson and grasp the concepts. The teacher 

was very optimistic that they could use this lesson again in future years. “After we 

first met I was really worried that this lesson would do poorly in my class, but you 

find a way to take my ideas and change the lesson so that my students had a 

fantastic experience.” Teacher Echo seemed to think that with the proper method 

and guidance, the partnership between teacher and scientist can work in a way to 

provide greater quality of education for the students. Teacher Echo said, “I would 

definitely do this lesson again and the PowerPoint was very exciting. The photos and 

illustrations really aided the students.” The PowerPoint that was created for the 

lesson was given to Teacher Echo, so that they could use it in future years. The 

lesson really got Echo interested in finding new lessons to implement into their 

lesson plans and wondering if they could find other lessons or training online that 

the students could do at home. “I think these students will see this NASA data is 

available and want to show their parents at home.” This shows that Echo is 

interested in expanding the knowledge of NASA’s available data and its use in 

schools, but that the major issue with this is its lack of advertisement to teachers.  



 

119 
 

 When asked about working with scientist in the future Echo explained that it 

motivates them to update their lesson plans and make room for new topics. Echo 

understands the need to have new lessons that keep up with science presented in 

the classroom, but when the teacher goes online to look for new lessons Echo is not 

always sure how relevant it is to the students or whether or not it would work for 

the age group. Echo explains that without knowing that the lessons have been 

tested, they are hesitant to spend valuable time learning it and presenting it to the 

class, and it fails. To prevent these situations lessons that are available should be 

tested, as the scientist has done, and rated according to their success in various 

classrooms.  

 Echo agreed it would be nice if there was an online database of local people 

willing to work with the class or “at least a chat system where I could ask questions 

like ‘Is this relevant for my students?’” This is another great idea for the educator-

scientist website. A chat system through which teachers can ask very quick 

questions about where to find data online or if there are any lessons available to 

present certain scientific topics would be helpful. This would be helpful because it 

would expand teachers’ ability to both present new scientific breakthroughs, such as 

newly discovered planets, and find data that would support in-class experiments. 

Conversely, it would allow scientists to ask teachers the best methods of presenting 

their various research topics in the most appropriate manner and help in 

developing lessons tailored to specific, targeted age groups.  

 Summary: Teachers do not have enough time to seek out lessons on their 

own and then after finding a lesson they must adapt the lesson to fit their classroom. 
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The scientist went in with hopes high and after initial meetings teachers were 

excited by the lesson and excited to work with a scientist. Partnerships formed and 

contacts are important for everyone involved especially students. It is not just the 

teacher and scientist who benefit from a good collaboration; the students are the 

largest beneficiaries. Initial proposal of lesson seemed time consuming for the 

teachers as there were multiple meetings involved, but the teachers were glad they 

carried it through to the end because the benefits outweighed the time commitment. 

During the post-lesson meeting Teacher Bravo and Teacher Echo mentioned they 

plan on doing the lesson again in future years. Alfa wanted to use the lesson again, 

but thinks it is not general enough and plans on adding some material to the lesson 

to better adapt it for their classroom. Teacher Charlie like the analogies and 

anecdotes that were used to hold students’ interest and teach students in a manner 

they would remember. While Teacher Delta was not positive they would do the 

lesson again, but will use some of the things learned in future lessons they design. 

The teachers’ suggestions for making the lesson better were consistent: learning the 

steps to download data, while important, was not important enough to warrant the 

amount of time it took. The bigger thing was to make sure students knew that NASA 

data is available to the public. Also, a web-based lesson is great in theory, but in 

practice often causes more problems than it is worth; therefore, a PowerPoint based 

lesson was important. The teachers also voiced their concerns for a better way to 

connect scientists with teachers, such as a web based application or a website. The 

teachers did like the inquiry based lesson because it prepares their students for 

college and a future career. This lesson aims to get teachers involved in reevaluating 
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the way that science is presented. The inquiry method proved to be an effective way 

of presenting a science lesson that played to students’ curiosity about astronomy.  

Section 4.5: Chapter Summary 

The biggest challenge of the entire education portion of this study was 

getting teachers to participate in the experiment. At first the author thought there 

was no interest, because it took multiple months to hear back. After speaking with 

the teachers, the author learned that their schedules are so busy it is a wonder that 

they are able to do anything beyond the standards. There was a level of commitment 

that came with the preliminary email and application. If a teacher did respond, it 

was likely that they would end up participating. The author knew that the teachers 

who did participate were interested because they had to go through the application 

and pre-interview. Once the author did have the final five teachers involved, they all 

agreed by the end of the study that they were glad they had chosen to participate. 

From the pre-interview there were some common trends through each 

teacher’s perception of the lesson. Teachers had their own motivation for getting a 

scientist into their classroom and different goals they wanted to accomplish with the 

lesson. The goals for the teachers were usually twofold, to either use it to enhance 

science education or use it as a tool to teach another skill. The main goals were to 

teach the nature of science, introduce astronomy or other science topics, or to use 

the lesson as a tool to teach something else, such as graphing or as an introduction 

to Excel. Some of the teachers’ other goals for the lesson were to enhance knowledge 

of NASA as a resource and to teach how real science research is conducted. Some 

wanted to inform the students that NASA data is available if it is known where to 
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look.  They also emphasized that this lesson is very similar to what actual science 

research looks like and that the inquiry method is how scientists actually work.  

The most prevalent concerns were the issues with the advanced nature of the 

lesson, the skills needed to complete the lesson, and the confidence in presenting 

the material. The most commonly stated concern of the lesson was that it may be 

too advanced and that it was web based. A further concern was the requirement to 

use Excel, a computer program that students may not be familiar with. This was 

easily dealt with through the use of scaffolding, analogies, and anecdotes about 

more complex concepts. Most teachers did not feel comfortable teaching the lesson 

themselves because they lacked the educational background to scaffold the 

students. This would also hinder the process of analyzing observations from the 

data the students plotted. Further they did not have enough time to do the research 

necessary to teach them the information so that they could pass it on to their 

students. The teachers’ backgrounds were mainly education and/or some form of 

science other than astronomy. To alleviate this concern, the scientist presented the 

lesson to the students and conducted, often assisted by the teachers, the guided 

inquiry method for the remaining part of the lesson.  

During the lesson, the scientist found that there were commonalities 

between the changes made to the lesson, the interaction with the teacher, and the 

students’ activity during the lesson. The main changes made to the lesson were the 

interface used, the use of Excel, and the data being downloaded and formatted. 

Teachers did not want to use the internet, though they did like the idea of a web-

based lesson. Most of the teachers thought that this presented another distraction 
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rather than an aid in understanding the lesson and building plots. Instead of having 

the students spend a large amount of time downloading the data, the data was pre-

downloaded and formatted for the student. The data was broken up individually to 

account for time and ease of use. For most classes, the scientist presented the 

background information to help scaffold the students. Most of the teachers were 

more involved in the lesson and for the graphing exercise and only two teachers 

were not actively engaged in the lesson or the graphing portion. Students were 

overall very interested, paid attention, asked questions, and were excited to learn 

from a scientist. Students often had further questions about astronomy topics that 

were discussed in any remaining time. These questions included such things as 

black holes, time travel, and possibility of alien life. Only a handful of students were 

not interested in the lesson and in some cases did not even want to try, but in 

speaking with the teachers, it was typical of any classroom dynamic.  In fact, some 

teachers mentioned that they had students engaged in this lesson that were not 

normally engaged in other science lessons. During the lesson the partnership with 

most of the teachers changed into a partnership that worked well. This allowed for 

the possibility of working with future experts, especially in seeing their students so 

excited about a science topic.   

After the lesson was over, and during the post interview, there were a few 

similarities in the suggestions given by the teachers as well as their perception of 

how the partnership played out. Most teachers said that they were interested in 

doing the lesson again with the changes made and some had further suggestions for 

its usability in the future. Teachers said they would need to brush up on the science 
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behind the lesson in order to be able to take over the background portion and 

scaffold the students properly. The teachers revealed that the partnership was 

successful and that all of their needs and the needs of students were met or 

exceeded. Teachers expressed the need to have an easy way of contacting experts 

and other local scientists to bring in new lessons and ideas in the future. This is a 

key issue that should be resolved if teachers and scientists are to work together in 

the future. The teachers also mentioned that because of their time constraints, it is 

much easier to find a ready-made lesson online or from another teacher, instead of 

creating a lesson themselves from scratch. One teacher expressed concern that if 

they were to even attempt to bring in a new lesson and it was to fail; the teacher 

would see it as a waste of time. This concern could be dealt with; however, if the 

lessons available from resources like NASA had been tested in various classrooms 

and age groups and had versions which were tailored to each grade’s needs.  

The lesson seemed to need some systematic changes to be easily implemented in 

to the middle school classroom. These changes were mainly procedural and 

involved issues of access and experience with computers. Conceptually, the lesson 

was well implemented with the proper scaffolding and use of anecdotes and 

analogies to help students understand or relate to complex ideas in the lesson. 

Teachers were helpful in knowing their students’ needs and limitations and tailoring 

the lesson accordingly. Their experiences with a scientist in the classroom were 

overall positive and they all wanted to find ways to do it again. The major issue with 

this partnership and the lesson’s future use or expansion upon the idea is a lack of 

communication of the resources available within the teacher’s community. If these 
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issues are resolved it is possible that more teachers would participate in increasing 

the occurrence of the implementation of new scientific ideas and collaboration with 

experts and scientists in the classroom.  Through this lesson, the scientist believes 

that the teachers were able to see the benefits of presenting a science lesson 

through the inquiry method and the merits to the use of this method in preparing 

students for their future academic careers. 
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Chapter 5 
 

Science Research Methodology and Results 
 

Section 5.1: Search for Reddened Field Stars 
 

A primary motivation for infrared surveys of dark clouds is to conduct a 

census of star formation, in which young stellar objects (YSOs) are carefully 

distinguished from field stars. The chemistry of matter surrounding YSOs is vastly 

different than that of a diffuse molecular cloud (Ehrenfreund and Charnley, 2000). 

By distinguishing between the two scientists are able to study the range of chemical 

compositions as a prerequisite to understanding how they evolve. As YSOs begin to 

form they emit energy that affects the dust nearby enabling endothermic chemical 

reactions. DC314 is a dust cloud of interest because it is illuminated and heated by 

an adjacent star, HD130079. This star was not formed inside the cloud, but does 

emit energy that affects it. The spectral energy distribution may be different from 

that of a YSO. DC314 has a well-defined distance, 342 ± 50 pc (Whittet, 2007) in 

addition to a well-defined foreground extinction, 0.6 ± .2 mag (Neckel & Klare, 

1980). Further infrared studies are required to estimate the chemical composition 

of the dust and ice. These studies would include infrared spectroscopy of specially 

selected sources to determine the chemistry of the molecular cloud.  

This chapter presents a catalog of background stars and a catalog of possible 

YSO candidates for further study. In recent years, the task of identifying reddened 

field stars has been greatly facilitated by the availability of data from the Two-

Micron All-Sky Survey (2MASS; Skrutskie et al. 2006) and from surveys at longer 

infrared wavelengths made with the Spitzer Space Telescope and Wide-field Infrared 
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Survey Explorer (WISE). A goal of this research is to use these resources to construct 

a comprehensive catalog of field stars reddened by dust in the DC314 dark-cloud 

complex; further, this study gives possible candidates for YSOs through their excess 

emission in the infrared. This study has allowed the author to answer questions put 

forth by Whittet (2007); the future goal is to get spectroscopy data for highly 

reddened sources as well as candidate YSOs mentioned in this dissertation. 

However, currently there are no suitable instruments available to do this on 

telescopes in the southern hemisphere. 

Table 5.1: 

Summary of Data Sources 

Mission Wavelengths (µm) Zero-Point Fluxes (Jy) 
2MASS 1.25, 1.65, 2.17 1594, 1024, 666.7 
IRAC 3.6, 4.5, 5.8 280.9, 179.7, 115.0 
WISE 3.4, 4.6, 12.0, 22.0 309.54, 171.787, 31.674, 8.363 

 
Section 5.2: Photometric Data and Associations 

The survey area selected for this work, shown in Figure 5.1, is based on the 

area searched by Whittet (2007). In order to find sources that are possible young 

stellar objects one must seek out objects with colors that match those expected for 

objects. To do this, one must plot color-color diagrams and look for outliers. In order 

to estimate colors, intensity must be measured for each source at multiple 

wavelengths. For this study three infrared instruments were used to collect data: 

2MASS, IRAC, and WISE. 2MASS and WISE data are available already reduced and 

are easily accessible via the internet. IRAC data was reduced using standard 

methods described on the Spitzer Space Telescope website 
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(http://irsa.ipac.caltech.edu/data/SPITZER/docs/dataanalysistools/cookbook/hom

e/).  

 
Figure 5.1: Digitalized Sky Survey (DSS) R-Plate image of 20' x 15' field centered on 
the nominal position of DC 314.8-5.1 (R.A. = 14h 48m 29s, decl. = -65° 15.9'; 
J2000.0). North is to the top and East is to the left. The ellipse is the same as in 
Whittet (2007). 
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Figure 5.2: Image of DC314 at (a)(top) 3.6 microns and (b)(bottom) 8.0 microns.  
 

Section 5.2.1: 2MASS 

Near-infrared photometric data for stars in the region were obtained from 

2MASS, which contains stellar photometry in the passbands centered at 1.25 μm (J), 

1.65 μm (H), and 2.17 μm (K). The 2MASS photometric data was obtained using 
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GATOR, which is a software package written by IPAC/IRSA to query the 2MASS 

database. Quality control was provided by the various flags included in the 2MASS 

catalog. Only observations with read flag (rd_flg) values of 1, 2 or 3 were selected as 

high-quality detections with reliable astrometry and photometry. Other flags that 

specifically reference the quality of the data are the photometric quality flag 

(ph_qual) and the contamination and confusion flag (cc_flg). Only data with a 

ph_qual value of ‘‘A’’ or ‘‘B’’ in each passband, signifying the best-quality photometric 

data one can obtain with 2MASS was selected. The cc_flg indicates whether the 

photometry and/or positional measurement of a source may be contaminated or 

biased due to the proximity to an image artifact or a nearby source of equal or 

greater brightness; only objects with cc_flg=0, indicating sources unaffected by 

known artifacts or confusion were chosen. Photometric errors in the resulting data 

are ~0.03 mag or less in each passband. The color constraints used to discriminate 

against unreddened stars and stars with anomalous colors in the 2MASS database 

were 

(J - H) > 1.82(H – Ks) - 0.02         (1) 
(J - H) < 1.82(H – Ks) + 0.49        (2) 
(J - H) < 0.88(H - [4.5]) - 0.01     (3) 
(J - H) > 0.88(H - [4.5]) + 0.86    (4) 

The multiplicative constant 1.82 in equations (1) and (2) arises from dereddening 

the background stars onto the giant or dwarf branch; these equations define the 

range of colors over which normal stars may be dereddened onto intrinsic color 

lines (Itoh et al. 1996). The value of this constant was found by shifting each source 

parallel to different tested constants. The constant that allowed for the most sources 

to be placed onto one of the branches, while minimizing a least square fit for the 
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other sources was selected. Application of the above criteria combined with the 

criteria for WISE data presented below resulted in selection of 420 sources. Stellar 

associations were sought in the SIMBAD database (see Table 5.2). The final catalog is 

presented in Table 5.3, and the distribution of the sources on the sky is shown in 

Figure 5.4.  
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Figure 5.3 (a-d, top to bottom): Color-color diagrams for sources listed in Table 5.3: 
(a) J-H vs. H-K (b) J-H vs. H-[4.5], (c) J-H vs. H-[5.8], and (d) J-H vs. H-[8.0]. The thick 
curves in (a) and (b) represent intrinsic colors for normal unreddened stars (top 
branch: giants; bottom branch: dwarfs). The thin diagonal lines in (a) and (b) mark 
the boundaries of the P and D regions in the plot (Itoh et al. 1996); stars in the P 
region are consistent with normal reddened photospheres, while those in the D 
region may include a significant circumstellar disk component. Similar information 
for (c) and (d) is not available. 
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Figure 5.4: Map of the distribution of sources identified in this work (Table 5.3; 
J2000.0 coordinates). Ellipse corresponds to ellipse in Figure 5.1. 
 

Section 5.2.2: IRAC 

Images from the Infrared Array Camera (IRAC; Fazio et al. 2004) onboard the 

Spitzer Space Telescope provides photometry in four pass bands centered at 3.6, 4.5, 

5.8, and 8.0 μm. The Program ID (PID) for the data used is 50039. The Astronomical 

Observing Request (AOR) for IRAC Mapping is 25290240. The IRAC data were 

reduced using the MOPEX software provided by the California Institute of 

Technology and following the methods of Makovoz and Marleau (2005) and 

Makovoz and Khan (2005). 

As with any CCD observation, it was necessary to process each image before 

it could be used to evaluate the instrumental magnitude. Bias subtraction and flat 
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fielding on all the CCD images/frames were performed. All flat and bias frames are 

provided by IPAC. Taking “zero second exposures” makes bias frames; i.e. an image is 

taken while the shutter is closed, which will give a bias level of the CCD during 

observation. The flats are obtained by taking an image of a uniform area of the sky. 

Next the flats are bias subtracted and a mean count in each frame is evaluated. Each 

image had bad pixels corrected by averaging neighbor pixels.  

Using this method of data reduction results in photometric errors of less than 

one percent for channel 1 (3.6 µm) and channel 2 (4.5 µm). Errors for channel 3 (5.8 

µm) and channel 4 (8.0 µm) are similar when made available.   

Section 5.2.3: WISE 

Mid-infrared photometric data for stars in the selected region were obtained 

from Wide-field Infrared Survey Explorer which contains photometric data in four 

pass bands centered at 3.4 μm, 4.6 μm, 12 μm, and 22 μm. The WISE photometric 

data were obtained using GATOR, which is a software package written by IPAC/IRSA 

to query the WISE database. Quality control was provided by various flags in the 

WISE catalog. It was required for ext_flg=0, which allowed only for the source shape 

to be consistent with a point source. Only data with a ph_qual value of ‘‘A’’ or ‘‘B’’ in 

each passband were selected, signifying the best-quality photometric data one can 

obtain with WISE. This eliminated most 22-micron data and some 12-micron data. 

As a follow up to Whittet (2007) the source J14492607-6515421, labeled by Whittet 

as "Source Y," is included in the final catalog; however, the 12-micron and 22-micron 

flux may be affected by halo of nearby bright sources. Source ‘Y’ was initially 

eliminated from the search criteria because of the ph_qual at 12-micron and 22-
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micron. A spectral energy distribution plot of J14492607-6515421 (Source Y in 

Whittet, 2007) is shown in Figure 5.5. See section 5.5 for further discussion of 

J14492607-6515421. The final table contains 22-micron data directly from WISE, 

but the values indicate that at this wavelength only background is being measured. 

Photometric errors are given directly by WISE and are on the order of three 

percent where available. When retrieving data from the WISE catalog for channel 3 

(12 µm) and channel 4 (22 µm) the error values are often ‘null.’ Channel 1 (3.4 µm) 

and channel 2 (4.6 µm) are not affected. These magnitudes are still included in Table 

5.3 since they are directly from WISE.  

 
Figure 5.5: Spectral energy distribution of J14492607-6515421 (Source Y in Whittet, 
2007) 
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Section 5.3: Color-Color Diagrams 
 

The J - H versus H – K color-color diagram provides useful but imperfect 

discrimination between dust-embedded stars and stars with normal photospheres 

subject to reddening by the dust cloud (see Itoh et al. 1996 and Gutermuth et al. 

2004 for discussion and examples); J - H color is most sensitive to the photospheric 

temperature of the star, whereas H – K color is also sensitive to emission from a 

circumstellar shell or disk, provided the circumstellar material is sufficiently warm. 

Photometry, at longer wavelengths, where available, allows a more stringent 

discriminant that recognizes the presence of cooler circumstellar matter. J-H vs. H-

[4.6], J-H vs. H-[5.8], and J-H vs. H-[8.0] were adopted as valuable complements to J – 

H vs. H – K. All three diagrams are plotted for the candidate field stars in Figure 5.3. 

Photometric errors are typically comparable with the size of the plotting symbol or 

are often smaller. All of the candidate field stars fall within the ‘‘normal reddened 

photospheres’’ zone of the J - H, H – K diagram by definition. This is in contrast to the 

distribution of the YSO candidates (Figure 5.3), which show a displacement toward 

the right, especially in H - [4.5], H- [5.8], and H-[8.0], characteristic of circumstellar 

excess emission affecting the longer wavelength color index. The distribution of the 

field star candidates in Figure 5.3 is considered to be strong evidence that the large 

majority are indeed normal reddened field stars (Ioth 1996). Only a small 

percentage of sources lie outside normal reddening boundaries presented by Ioth 

(1996). Whittet (2007) presented his color-color diagram of 387 2MASS point 

sources. Whittet’s plot looks similar in nature to the color-color diagram presented 

in Figure 5.3, with similar outlying sources. However, Whittet (2007) only had access 



 

138 
 

to 2MASS data, which allowed only J-H vs. H-K to be plotted. It was required for the 

sources to have data available in 2MASS, IRAC, and WISE resulting in some of the 

sources presented in Whittet (2007) left out of this study.  Perusal of the data in 

Table 5.3 indicates that this conclusion is independent of the choice of [4.6] or [8.0] 

as the representative pass band. For example, the [4.6] and [8.0] values only differ 

on average less than 0.4 mag, indicating no gross differences between H - [4.5] and H 

- [8.0] (Figure 5.3) except for the Source I and Source Y.  

Magnitudes for the sources were calculated from fluxes using: 

Magnitude = -2.5*[log10(Fs)-log10(Fv)]  (5) 

where Fv is the flux of the star Vega at the desired wavelength, which is also called 

the zero-point energy (Table 5.1) and Fs is the flux of the object that is being 

converted to magnitude. 

Section 5.3.1: Sources with Associations 
 

To investigate whether any of the reddened sources in the catalog have 

previous data associated with them; a detailed search of a public database was 

performed. For this purpose, SIMBAD was used, which is an astronomical reference 

database maintained by Center de Deonnees astronomiques de Strasbourg. Table 5.2 

lists all objects in the region. However, the primary interest is in stellar point sources 

such as the HD star illuminating the dust cloud and IR, (infrared sources). HD 

130079 is a known B-type star illuminating the dust cloud. There are four infrared 

sources, two of which show up in the final catalog of data (Table 5.3). The other two 

sources were removed by initial search because they do not contain IRAC data. 
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Table 5.2: 
 
Associations obtained from SIMBAD search within the field of interest 
 

Identifier Type 

Right Ascension  
(J2000 in decimal 

degrees) 

Declination  
(J2000 in 

decimal degrees) 
Spectral 

Type 

HD 130079  iNa  222.3167 -65.255 B9V  

NAME CIRCINUS REGION  Regb  222.25 -65.3   

IRAS 14433-6506  IRc  221.8792 -65.3142   

IRAS 14436-6454  IR  221.9375 -65.1144   

IRAS 14437-6503  IR  221.9667 -65.2669   

[DB2002b] G314.80-5.13  MoCd  222.1208 -65.265   

TGU H1959  DNee  222.1 -65.2833   

AM 1444-650  Gf  222.1917 -65.2583   
[LM99] 131  PoCg  222.1375 -65.2861   

GN 14.45.2  RNeh  222.3208 -65.255   

2MASS J14492607-6515421  IR  222.3586 -65.2617   
a: Star in Nebula 
b: Region 
c: Infrared Source 
d: Molecular Cloud 
e: Dark Cloud (nebula) 
f: Galaxy 
g: Part of Cloud 
h: Reflection Nebula, caused by HD130079 
 

Section 5.4: Extinction 
 

The visual extinction (AV) was estimated, where possible, for each star in 

Table 5.3 from 2MASS photometry; AV is related to the infrared color excess EJ-K by 

the relation 

AV = rEJ-K       (6) 

where ‘r’ is a factor that depends on the form of the extinction curve over the 

relevant wavelengths; for the diffuse ISM r ~ 6.0 (Whittet 2003). It is assumed that 

DC314 has similar properties to the Taurus Molecular Cloud; therefore, a value of r 

~ 5.3 was adopted (Whittet et al., 2001). Since the sources listed in Table 5.3 do not 
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have known spectral classes, EJ-K = EJ-H + EH-K is estimated from the observed locus in 

the J-H vs. H–K diagram by extrapolation along the appropriate reddening vector 

onto intrinsic color lines. This generally provides unambiguous results, 

notwithstanding the separation of giant and dwarf intrinsic colors at late spectral 

types. Background stars which are bright enough to be included in the sample are 

expected to be predominantly either late-type (K, M) giants, which deredden onto 

the upper branch, or main-sequence stars earlier than K0. Red dwarfs distant 

enough to be background to the cloud are predicted to be too dim at 2.2 μm to be 

selected. AV estimates for the field stars are accurate to ~ 0.5 mag or better. 

A histogram of AV values from Table 5.3 is plotted in Figure 5.6. The sample of 

420 stars is divided into 1 mag bins. Overall, the distribution shows a broad peak 

centered near AV = 3, with a tail extending to AV ~ 12. It was calculated by Neckel & 

Klare (1980) that the foreground extinction for DC314 is 0.6 ± .2 mag. 
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Figure 5.6: Histogram of 420 extinction values from Table 5.3 divided into 1 mag 
bins. 
 

A contour map of AV values of sources from Table 5.3 is shown in Figure 5.7. 

Lines of sight with high extinction generally cluster toward the center of the cloud as 

expected. Lines of sight with low and intermediate extinction lie predominantly 

toward the outer boundaries of condensations, but some are more widely 

distributed. The contour map seems to show two separate cores, one of higher AV 

than the other.  
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Figure 5.7: Contour map of AV values found in Table 5.3 and distributed in Figure 5.6. 
The contour map was generated using OriginPro 8.6 “Color Fill” by entering the RA, 
DEC, AV data for all sources with available AV. The dots are the data sources that 
have AV to generate the contour plot. 
 

Section 5.5: J14492607-6515421: A Source of Interest 

The 2MASS source J14492607-6515421 (Source ‘Y’) (Figure 5.5) is identified 

as a source of interest and in need of more study because of its large infrared excess 

in the [8.0], [12.0], and [22.0] micron wavelengths. The large value of [3.4]-[4.6] 

suggests that it is either a very cool stellar object or has a warm dust shell that 

dominates the mid-infrared emission. One possibility is that it might be a brown 

dwarf. Kirpatrick et al. (2011) published a list of the first one hundred brown dwarfs 

found by WISE. They plotted their sources on a color-color diagram (W1-W2 vs. W2-

W3) with a cut off for extra galactic sources (Figure 5.8). The cut off used by 

Kirpatrick et al. was 

W1-W2 > 0.96(W2-W3) - 0.96 
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J14492607-6515421 falls below their cutoff, thus indicating that it is not a brown 

dwarf. When Source Y is plotted along with Kirpatrick et al. the data falls below the 

line for extragalactic sources (Figure 5.8). Perusal of the 2MASS database shows no 

other 2.2 μm source within the error ellipse of the position with sufficient 

brightness to cause confusion; thus, the association appears to be secure. To 

elucidate the nature of this object, its spectral energy distribution (SED) was 

constructed from all available photometry (2MASS, IRAC, and WISE) and plotted in 

Figure 5.5 (Source Y). 

 
Figure 5.8: Color-color diagram of brown dwarf sources from Kirpatrick 2011. The 
source of interest from this research can be seen to the right under the cut-off line 
for extragalactic sources along with “Source Y” from Whittet (2007). 
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 With J14492607-6515421’s elimination as a brown dwarf a continued 

literature review led to Furlan et al. (2008). Furlan et al. (2008) list multiple spectra 

that look similar to J14492607-6515421, but at higher resolution. One difference is 

that the SED of J14492607-6515421 is flat at J, H, and K wavelengths while the class 

I protostars in Furlan et al. are not. For wavelengths great than 3 microns 

J14492607-6515421 is similar to a class I protostars. The J, H, and K pass-bands for 

J14492607-6515421 seem to be that of a reddened photosphere, while at greater 

wavelengths an almost directly edge on dust shell of a Class I protostar is being seen. 

  

Figure 5.9: Spectral Energy Distribution of IRAS 14437-6503 (Source I from Whittet, 
2007). The model shown (thick line) assumes the object to have the same intrinsic 
spectrum as HD 130079 (Whittet, 2007), with the same extinction law but scaled to 
AV = 12 mag. 
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Section 5.6: IRAS 14437-6503: A Young Stellar Object 

 IRAS 14437-6503 (Source ‘I’) was first discussed by Whittet (2007) as a 

possible YSO, but was not able to draw a definitively conclusion as Whittet only had 

data from 2MASS and IRAS. Figure 5.9 contains a model of a normal field star 

overlaid onto the data, which shows an excess in the infrared indicative of a dust 

shell. The next step is to get spectroscopy for IRAS 14437-6503, but this is difficult 

because the instrument necessary is not available for viewing in the southern 

hemisphere. With spectroscopy scientists would be able to conclude definitively if 

IRAS 14437-6503 is a YSO. The instrument and telescope are required to be in the 

southern hemisphere as IRAS 14437-6503 is only visible in the sky in the southern 

hemisphere. 

Section 5.7: Conclusions 

The main product of this work is the catalog presented in Table 5.3, which 

includes 420 probable background field stars and Table 5.4 which contains seven 

candidate sources for spectroscopy. As examples, seven of the field stars’ spectral 

energy distributions are plotted in Figure 5.10. These seven sources were chosen for 

their brightness in the H-band and their high extinction value. These tables should 

prove to be a valuable resource for future observing programs. For example, if 

DC314 is similar in nature to the Taurus Molecular Cloud, then the sources listed in 

Table 5.4 are expected to show 3μm H2O ice absorption.  

This research also shows that DC 314.8-5.1 is not a dust cloud with active 

star formation. Of the 420 sources studied only one can be identified as a very 

probable YSO. There is one other object present in the data which shows symptoms 
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of cooler temperatures, but this research is unable to identify it. Further, this cloud is 

a beneficial target for spectroscopy because of the nearby B-type star which is 

illuminating the cloud and affecting the chemical composition of the dust. This is 

unique to DC 314.8-5.1 because it is the only known example of a dust cloud with a 

nearby B-type star that formed outside of the dust cloud.  

 
 

Figure 5.10: Spectral Energy Distribution of high Av, high H-band magnitude sources 
featured in Table 5.4.  
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Table 5.3: 
 
Catalog of reddened field stars and candidate young stellar object with associated data (in magnitude units) for DC 314.8-5.1 
 

2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144716.20-651547.8 15.29 14.47 14.18 14.03 13.83 13.80 14.16 13.86 13.69 12.43 9.14 3.20 

J144716.77-651528.7 14.86 14.12 13.83 13.68 13.56 13.58 13.94 13.48 13.65 12.55 9.26 3.29 

J144716.81-651513.7 14.36 13.57 13.32 12.99 12.98 13.00 13.06 13.06 13.03 12.20 9.30 2.41 

J144717.18-651500.9 14.72 13.81 13.53 13.34 13.40 13.39 13.41 13.45 13.51 12.53 9.01 2.69 

J144718.80-651540.6 14.83 13.96 13.69 13.67 13.54 13.57 13.79 13.60 13.77 12.41 8.52 2.54 

J144719.39-651533.0 13.32 12.84 12.65 12.55 12.56 12.47 12.55 12.46 12.60 11.86 9.10 2.24 

J144719.85-651740.6 13.76 12.68 12.30 12.07 12.14 12.18 12.21 12.13 12.20 12.19 8.86 4.18 

J144721.84-651644.3 14.61 14.16 13.93 13.94 13.73 13.67 14.04 13.87 14.03 12.52 9.11   

J144722.15-651419.0 14.54 13.50 13.11 12.35 12.80 12.71 12.50 12.66 12.73 12.69 9.39 4.46 

J144722.74-651532.0 15.01 14.42 14.13 13.51 13.90 13.94 13.68 13.88 13.95 12.13 8.78 3.89 

J144722.93-651702.9 13.57 12.61 12.41 12.12 12.16 12.19 12.25 12.14 12.14 12.41 8.54   

J144723.61-651343.3 15.76 15.04 14.76 14.72 14.47 14.23 15.24 14.31 14.03 12.66 8.56 3.29 

J144723.78-651332.4 16.20 15.51 15.24 15.06 14.90 14.91 15.64 15.43 15.01 12.66 9.02 3.14 

J144724.23-651412.7 15.06 14.24 13.94 13.78 13.73 13.73 13.82 13.66 13.89 12.64 9.36 3.20 

J144724.27-651446.9 12.36 11.55 11.23 10.76 10.97 11.00 10.81 10.92 10.93 11.42 8.76 4.04 

J144724.34-651635.5 14.69 13.81 13.49 13.41 13.33 13.37 13.56 13.24 13.26 12.53 9.25 3.65 

J144724.73-651516.4 13.33 12.48 12.15 11.89 11.98 11.97 11.96 11.94 11.92 12.07 8.81 3.87 

J144725.33-651308.7 13.34 12.90 12.71 12.60 12.62 12.55 12.60 12.62 12.67 12.65 9.25 2.33 

J144725.36-651506.2 14.47 13.88 13.63 13.48 13.42 13.41 13.49 13.47 13.64 12.66 9.24 3.14 

J144726.67-651452.4 11.83 10.64 10.21 9.88 9.94 10.10 10.08 9.91 9.90 10.01 8.97 1.98 

J144727.17-651431.6 14.37 13.61 13.24 13.18 13.13 13.12 13.27 13.12 13.10 12.60 9.11 5.00 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144728.22-651303.9 14.30 13.51 13.21 12.93 12.97 13.02 13.09 13.00 12.86 12.63 8.81 3.44 

J144728.30-651816.7 11.84 10.94 10.70 10.50 10.52 10.53 10.56 10.46 10.42 11.01 9.19   

J144728.65-651657.8 12.68 11.70 11.37 11.19 11.17 11.15 11.22 11.10 11.10 11.52 9.27 3.29 

J144728.68-651411.4 14.93 14.19 13.94 13.81 13.65 13.63 14.08 13.64 14.04 12.61 9.45 2.63 

J144729.91-651243.5 14.46 13.89 13.69 13.27 13.48 13.44 13.37 13.39 13.25 12.22 8.94 2.24 

J144730.09-651406.0 15.85 15.03 14.65 15.09 14.65 14.60 15.68 14.59 14.42 12.58 9.38 5.08 

J144731.15-651646.0 12.41 11.89 11.65 11.50 11.48 11.44 11.49 11.33 11.44 11.78 9.32 2.84 

J144731.69-651346.3 13.92 13.33 13.07 12.72 12.72 12.64 12.76 12.66 12.70 12.63 8.92 3.29 

J144732.05-651428.7 15.17 14.51 14.30 14.23 14.07 13.99 14.31 14.16 14.06 12.56 9.02 2.01 

J144732.78-651858.0 6.11 5.19 4.69 4.52 4.44 4.25 4.24 4.12 5.08 4.48 4.34 7.27 

J144732.81-651308.1 14.86 14.44 14.39 14.03 14.02 13.96 14.15 14.10 14.04 12.40 8.84   

J144732.81-651423.1 13.74 13.21 13.03 12.87 12.83 12.84 12.88 12.76 12.88 12.58 8.90 1.94 

J144734.92-651354.2 14.46 13.40 13.08 12.73 12.70 12.69 12.70 12.61 12.60 12.45 8.91 2.66 

J144735.18-651541.7 13.25 12.23 11.91 11.70 11.71 11.76 11.73 11.70 11.76 11.37 9.19 2.63 

J144735.90-651311.2 14.42 13.56 13.30 12.92 13.11 13.09 12.94 13.07 13.02 11.03 8.72 2.39 

J144736.84-651236.1 13.08 12.18 11.95 11.75 11.75 11.81 11.85 11.76 11.72 10.84 8.35 0.83 

J144737.29-651728.1 11.91 10.90 10.52 10.29 10.30 10.33 10.35 10.18 10.22 10.20 8.86 4.49 

J144738.03-651558.2 14.16 13.36 13.07 12.75 12.81 12.77 12.75 12.62 12.60 11.34 8.52 3.23 

J144738.39-651407.8 12.02 11.44 11.21 10.99 11.07 10.97 10.97 10.96 10.97 10.92 9.09 2.82 

J144739.34-651343.9 12.12 11.07 10.69 10.46 10.50 10.56 10.58 10.44 10.45 10.27 8.51 4.25 

J144739.52-651433.8 14.57 13.92 13.74 13.68 13.55 13.50 13.79 13.52 13.56 12.60 9.03 1.41 

J144739.57-651445.1 14.60 13.73 13.44 13.40 13.23 13.25 13.55 13.15 13.31 12.71 9.36 2.69 

J144739.74-651828.2 12.46 11.56 11.27 11.06 11.04 11.01 11.07 10.89 10.94 11.25 9.14 2.84 

J144740.10-651755.0 12.10 11.02 10.69 10.45 10.43 10.49 10.54 10.38 10.37 10.17 8.89 2.79 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144741.00-651528.8 12.89 11.99 11.68 11.25 11.45 11.46 11.34 11.36 11.36 11.79 8.77 3.29 

J144741.97-651258.2 13.90 13.60 13.44 13.19 13.26 13.20 13.23 13.27 13.26 10.88 7.98 1.90 

J144742.50-651759.6 11.95 11.17 10.86 10.65 10.66 10.67 10.69 10.61 10.56 10.15 8.64 3.89 

J144742.59-651531.6 13.32 12.37 12.06 11.82 11.78 11.84 11.89 11.73 11.65 11.74 8.76 3.14 

J144744.82-651717.7 14.06 12.84 12.45 12.23 12.13 12.15 12.36 12.06 12.03 12.78 8.91   

J144744.84-651331.1 13.55 12.53 12.17 11.94 11.93 12.02 12.07 11.90 11.87 11.32 8.41 3.89 

J144746.19-651351.7 13.67 12.74 12.42 12.13 12.20 12.22 12.22 12.15 12.26 11.28 8.18 3.29 

J144746.91-651226.5 11.03 10.01 9.64 9.45 9.45 9.55 9.60 9.43 9.42 9.20 8.22 4.11 

J144747.33-651725.7 14.85 13.66 13.29 13.01 12.88 12.86 13.02 12.85 12.91 12.89 9.02   

J144748.39-651149.2 12.93 12.15 11.92 11.69 11.71 11.73 11.77 11.71 11.69 10.82 8.10 1.94 

J144749.26-651958.4 14.04 12.97 12.71 12.54 12.48 12.51 12.59 12.44 12.40 11.90 8.87   

J144749.64-651643.4 13.69 12.59 12.16 11.64 11.80 11.85 11.75 11.75 11.68 10.60 8.13 4.94 

J144750.47-651211.6 13.49 12.98 12.79 12.47 12.69 12.68 12.53 12.68 12.43 11.00 8.87 2.39 

J144751.32-651741.3 10.15 8.83 8.27 7.97 7.93 8.22 8.12 8.15 7.89 7.95 7.63 7.22 

J144751.69-651229.9 14.48 13.75 13.43 13.34 13.30 13.33 13.39 13.29 13.54 11.84 8.78 4.18 

J144752.13-651600.5 9.98 8.55 7.61 6.58 6.48 6.04 6.00 5.63 5.13 4.50 3.67   

J144752.74-651518.1 13.25 12.59 12.31 12.14 12.15 12.12 12.15 12.08 11.91 11.04 7.83 3.59 

J144754.08-651159.2 13.77 12.89 12.73 12.55 12.54 12.59 12.65 12.57 12.64 11.54 9.22   

J144755.13-651542.4 13.84 13.00 12.73 12.12 12.38 12.33 11.98 12.32 12.19 11.40 8.90 2.61 

J144755.52-651714.0 14.07 13.10 12.73 12.61 12.52 12.50 12.60 12.46 12.56 12.42 8.93 4.39 

J144756.77-651408.9 13.05 12.16 11.90 11.74 11.69 11.71 11.78 11.64 11.64 10.89 8.18 2.53 

J144757.05-652016.1 13.07 12.23 11.94 11.80 11.76 11.78 11.83 11.75 11.68 11.95 8.76 3.16 

J144757.27-651243.7 12.99 12.17 11.94 11.45 11.70 11.72 11.60 11.67 11.70 10.50 8.08 1.87 

J144757.50-651603.7 14.58 13.39 12.97 12.66 12.64 12.65 12.64 12.52 12.60 11.78 8.87 4.18 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144757.97-651513.5 12.84 11.91 11.56 11.33 11.33 11.36 11.40 11.26 11.24 11.16 8.06 4.09 

J144758.57-652017.1 13.30 12.40 12.09 11.90 11.88 11.97 12.02 11.83 11.81 12.00 8.79 3.29 

J144758.60-651614.1 14.17 12.81 12.24 11.92 11.86 11.92 11.91 11.81 11.79 11.31 8.93 7.33 

J144758.99-651339.6 13.78 12.73 12.42 12.25 12.21 12.23 12.30 12.16 12.18 11.20 8.60   

J144758.99-651944.0 12.60 12.20 11.98 11.84 11.89 11.83 11.87 11.82 11.83 11.20 8.68   

J144759.06-651235.8 13.38 12.54 12.26 12.03 12.07 12.11 12.15 12.04 12.07 10.55 8.08 3.16 

J144759.14-651907.5 13.02 12.64 12.53 12.41 12.34 12.32 12.34 12.34 12.31 10.97 7.97 0.97 

J144800.18-651651.2 14.10 13.32 12.99 12.83 12.63 12.57 12.71 12.54 12.55 12.41 8.92 4.25 

J144800.78-651206.6 13.75 12.92 12.64 12.48 12.52 12.47 12.56 12.50 12.53 11.14 8.23 3.01 

J144800.93-651917.2 14.66 13.94 13.85 13.67 13.47 13.52 13.77 13.16 13.26 11.36 8.34   

J144800.95-651124.4 13.92 12.95 12.63 12.47 12.48 12.53 12.56 12.45 12.46 11.58 8.91 3.29 

J144801.35-651923.0 14.74 14.14 14.01 13.90 13.71 13.69 14.04 13.24 13.48 12.45 8.98 0.45 

J144801.40-651339.0 13.74 12.85 12.54 12.33 12.31 12.33 12.40 12.29 12.18 11.27 8.85 3.42 

J144801.65-651949.4 14.71 13.90 13.65 13.41 13.25 13.26 13.48 13.41 13.28 12.24 9.22 2.26 

J144802.60-651148.5 14.15 13.28 13.11 12.61 12.90 12.90 12.76 12.90 12.95 11.78 8.68   

J144803.83-651611.0 12.84 11.58 11.10 10.81 10.79 10.80 10.86 10.71 10.69 10.28 8.00 5.68 

J144804.25-651147.8 14.35 13.83 13.60 13.51 13.43 13.40 13.49 13.49 13.57 12.64 9.29 2.69 

J144804.36-651402.8 12.10 11.20 10.89 10.38 10.71 10.75 10.65 10.63 10.64 10.17 9.07 3.60 

J144804.49-651537.7 14.74 13.98 13.62 13.38 13.37 13.31 13.19 13.40 13.32 11.80 9.24 4.78 

J144804.51-651951.0 15.58 14.96 14.72 14.51 14.17 14.13 14.49 14.17 14.29 11.98 8.92 2.90 

J144805.10-651331.8 13.26 12.38 12.11 11.92 11.88 11.94 12.01 11.85 11.98 10.96 8.20 2.54 

J144805.29-651547.5 15.37 14.28 13.88 13.64 13.68 13.66 13.63 13.83 13.88 12.21 9.28 4.48 

J144806.06-651321.0 13.36 12.56 12.37 12.19 12.17 12.14 12.24 12.12 12.13 10.85 8.22 0.89 

J144806.25-651437.9 14.15 13.22 12.87 12.72 12.66 12.67 12.80 12.54 12.41 11.88 8.76 4.09 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144806.34-651710.8 14.53 13.50 13.04 12.98 12.83 12.80 12.96 12.78 12.66 11.24 8.15 6.15 

J144806.49-651601.8 13.52 12.83 12.55 12.26 12.25 12.25 12.21 12.27 12.28 11.23 9.17 3.50 

J144806.86-651916.8 12.83 12.39 12.18 12.06 12.10 12.02 12.05 12.02 12.03 11.06 8.97 2.69 

J144807.10-651724.3 13.11 12.30 11.95 11.72 11.71 11.62 11.70 11.59 11.65 10.95 8.14 4.58 

J144807.22-651927.0 11.93 10.80 10.37 10.15 10.16 10.25 10.25 10.10 10.09 9.95 9.11 4.94 

J144807.56-651958.3 14.20 13.85 13.73 13.51 13.49 13.42 13.55 13.40 13.50 12.22 9.05 1.05 

J144807.96-651422.8 13.56 12.99 12.79 12.61 12.58 12.52 12.61 12.51 12.63 11.07 8.47 2.24 

J144808.21-651909.1 13.84 13.31 13.08 12.94 12.92 12.80 12.96 12.90 13.04 12.18 9.30 3.02 

J144808.63-651831.7 15.76 15.19 14.43 14.43 14.42 14.45 14.45 14.18 14.45 12.11 9.10   

J144808.88-652003.1 14.92 14.27 14.15 13.75 13.85 13.84 13.84 13.72 13.90 11.70 8.46 0.11 

J144808.98-651132.4 13.49 13.07 12.94 12.76 12.80 12.74 12.76 12.75 12.65 12.10 8.98 1.49 

J144809.25-651454.6 14.39 13.21 12.77 12.49 12.41 12.44 12.53 12.36 12.33 11.79 8.46 5.08 

J144809.74-651830.6 15.66 14.82 14.49 14.04 14.16 14.13 14.24 14.16 14.33 12.51 8.54 4.33 

J144809.85-651330.3 12.17 11.19 10.83 10.58 10.57 10.67 10.70 10.54 10.53 10.07 8.40 3.84 

J144809.93-651241.1 14.25 13.31 13.04 12.79 12.77 12.78 12.88 12.69 12.58 10.89 8.54 1.83 

J144810.26-651730.7 16.06 15.05 14.68 14.35 14.37 14.25 14.36 14.12 14.19 11.07 8.45 4.18 

J144810.63-651845.9 14.88 13.84 13.58 13.38 13.36 13.43 13.46 13.44 13.25 11.37 8.97   

J144810.69-651937.0 13.82 13.22 12.97 12.79 12.85 12.82 12.85 12.86 12.98 11.84 9.28 3.14 

J144810.82-651755.1 11.63 10.72 10.36 10.12 10.13 10.07 10.16 10.02 9.98 9.80 8.35 4.31 

J144810.92-651857.2 13.69 12.67 12.29 12.10 12.06 12.14 12.26 12.03 12.04 11.17 9.17 4.43 

J144810.94-651959.1 15.36 14.73 14.56 14.53 14.49 14.44 14.79 14.48 14.67 11.84 8.61 1.35 

J144811.23-651352.7 14.64 13.92 13.67 13.48 13.53 13.36 13.42 13.30 13.32 10.62 7.69 2.65 

J144811.29-652020.6 14.31 13.36 13.06 12.72 12.79 12.86 12.82 12.80 12.60 11.71 8.83 2.86 

J144811.30-651819.5 16.01 15.21 14.63 14.71 14.36 14.24 15.47 14.32 14.78 12.17 8.43   
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144811.76-651842.2 15.46 14.80 14.47 14.58 14.28 14.27 14.68 14.15 14.29 12.84 8.68 4.48 

J144812.08-651930.5 15.68 14.89 14.61 14.50 14.38 14.43 14.84 14.39 14.21 12.08 9.03 3.07 

J144813.04-651122.2 13.95 13.19 13.01 12.84 12.85 12.76 12.90 12.81 12.92 12.07 8.92 0.66 

J144814.02-651643.7 12.91 11.71 11.18 10.87 10.87 10.89 10.89 10.77 10.69 10.47 8.15 6.71 

J144814.12-651735.7 15.79 14.66 14.25 14.12 14.03 13.99 14.16 14.22 14.24 11.89 7.97 4.63 

J144814.50-651234.5 14.06 12.99 12.77 12.58 12.55 12.56 12.68 12.51 12.55 10.85 8.06   

J144815.24-651112.5 13.44 12.75 12.47 12.29 12.33 12.31 12.35 12.28 12.31 12.11 9.27 3.50 

J144815.38-651217.6 14.45 13.74 13.50 13.44 13.35 13.32 13.56 13.43 13.35 12.26 8.61 2.47 

J144815.40-651808.2 14.82 14.24 14.03 13.99 13.76 13.77 14.18 13.82 13.33 10.99 7.79 2.24 

J144815.74-652001.8 14.80 13.97 13.69 13.61 13.44 13.47 13.65 13.43 13.28 11.93 9.25 3.00 

J144815.81-651514.4 12.96 11.92 11.55 11.20 11.30 11.36 11.31 11.24 11.27 10.27 7.88 4.05 

J144815.88-651341.7 14.30 13.39 13.10 12.86 12.84 12.83 13.00 12.83 12.90 11.19 8.22 2.84 

J144816.37-652040.2 14.54 14.05 13.86 13.69 13.75 13.63 13.85 13.63 13.76 11.85 9.19 2.39 

J144816.38-651913.7 15.23 14.31 13.97 14.02 13.90 13.91 14.21 13.84 13.74 11.75 9.03 3.93 

J144816.44-651159.7 13.63 13.16 12.94 12.88 12.84 12.77 12.97 12.82 12.81 11.63 8.90 2.84 

J144817.03-651232.6 10.57 10.34 10.16 10.07 10.11 10.03 10.09 10.04 10.03 9.65 7.72   

J144817.47-651828.8 14.56 13.92 13.75 13.55 13.48 13.46 13.57 13.46 13.58 11.11 8.17 1.27 

J144817.58-651926.2 14.92 14.03 13.87 13.67 13.67 13.67 13.73 13.72 13.84 12.11 8.83   

J144817.68-651938.9 14.46 13.89 13.59 13.07 13.45 13.41 13.11 13.41 13.43 11.65 8.41 4.18 

J144817.91-651438.8 13.93 13.26 12.94 12.59 12.67 12.57 12.55 12.50 12.48 11.14 8.77 4.32 

J144818.12-651739.6 13.14 11.99 11.49 11.16 11.16 11.18 11.23 11.07 11.10 10.91 8.16 6.58 

J144818.83-651621.4 15.32 13.97 13.40 13.08 12.98 12.95 13.02 12.91 12.85 10.84 7.79 7.09 

J144819.21-652011.7 14.78 14.17 13.96 14.09 13.89 13.91 14.18 13.98 14.46 12.50 9.17 2.54 

J144819.48-651802.1 14.92 14.01 13.80 13.61 13.54 13.50 13.64 13.54 13.51 12.09 9.32   
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144819.50-651711.9 16.28 15.19 14.74 14.36 14.27 14.19 14.43 14.29 14.67 12.31 8.81 5.63 

J144819.68-651205.0 11.92 11.09 10.83 10.60 10.66 10.69 10.71 10.64 10.62 10.46 9.22 2.39 

J144819.97-651121.0 14.79 14.41 14.31 14.31 14.09 13.98 14.61 14.02 14.51 12.11 8.97 0.75 

J144819.97-651524.5 14.14 13.53 13.26 13.01 13.00 12.91 12.91 12.92 12.92 10.57 8.29 3.44 

J144820.17-651949.0 15.26 14.57 14.16 14.47 14.11 14.20 15.01 14.14 14.08 11.99 8.98   

J144820.33-651106.4 14.65 13.79 13.43 13.22 13.19 13.30 13.40 13.18 13.12 12.54 8.88 4.63 

J144820.69-651334.4 11.97 11.42 11.22 11.06 11.10 11.03 11.06 11.04 10.98 10.65 8.69 2.29 

J144820.82-651725.0 16.10 14.89 14.53 13.84 13.79 13.74 13.90 13.75 13.65 11.97 8.88   

J144820.85-651148.9 14.75 14.27 14.18 13.81 14.00 14.02 13.99 14.15 14.22 12.52 9.24 0.16 

J144820.88-652045.9 11.43 10.70 10.43 10.28 10.34 10.34 10.37 10.25 10.26 10.04 9.05 2.80 

J144820.97-651813.5 13.74 13.10 12.83 12.68 12.58 12.53 12.63 12.47 12.21 11.68 8.63 3.44 

J144821.56-651644.8 15.65 14.30 13.85 13.72 13.57 13.50 13.62 13.38 13.41 10.69 8.89   

J144821.79-651229.5 11.79 10.86 10.49 10.28 10.28 10.37 10.43 10.27 10.20 9.93 8.36 4.46 

J144821.97-651838.1 12.57 11.36 11.01 10.75 10.74 10.81 10.83 10.63 10.64 10.27 8.41   

J144822.08-651631.2 16.13 14.56 13.78 13.34 13.36 13.33 13.23 13.21 13.25 10.45 8.09 11.05 

J144822.54-651458.1 14.26 13.35 13.03 12.82 12.75 12.72 12.82 12.66 12.87 11.76 8.99 3.76 

J144822.68-651131.7 15.62 15.15 14.94 15.04 14.61 14.49 16.16 15.01 15.03 12.73 9.17 2.61 

J144822.93-651718.7 16.49 15.25 15.16 14.83 14.52 14.39 14.77 14.66 14.39 12.77 8.70   

J144822.95-652044.4 12.88 12.05 11.83 11.64 11.64 11.70 11.77 11.64 11.62 10.90 9.05 1.32 

J144823.05-651855.5 15.87 15.10 14.99 15.04 14.64 14.61 15.23 14.65 15.83 12.56 9.30   

J144823.30-651300.9 14.43 13.53 13.20 12.92 12.96 12.98 13.04 12.91 12.76 11.14 8.89 3.98 

J144823.38-652018.1 15.31 14.57 14.25 13.95 14.09 14.14 14.42 14.14 13.54 11.38 8.88 4.18 

J144824.14-651312.2 13.22 12.39 12.18 11.94 11.99 11.95 11.98 11.92 11.88 11.36 8.66 0.63 

J144824.33-651802.3 16.22 15.25 14.81 14.83 14.70 14.63 14.96 14.60 14.42 11.58 8.70 5.94 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144824.50-651910.0 15.87 15.27 15.10 14.99 14.50 14.56 15.21 14.59 14.98 12.25 9.21 1.41 

J144824.84-651928.0 14.26 13.48 13.31 12.67 13.03 13.02 12.70 13.01 13.21 12.10 8.13 0.13 

J144824.87-651215.2 14.10 13.35 13.14 13.07 12.93 12.95 13.13 12.89 12.82 11.30 8.82 1.65 

J144825.30-652021.0 16.47 15.25 15.22 15.10 14.95 14.86 16.02 15.81 15.08 11.76 8.58   

J144825.44-651615.1 15.83 14.67 13.99 13.59 13.67 13.51 13.47 13.41 13.12 10.49 7.87   

J144825.44-651722.0 16.70 15.87 15.55 14.86 14.72 14.63 15.29 14.50 14.63 12.37 9.10 3.54 

J144825.91-651838.6 15.32 14.44 14.05 13.71 13.73 13.73 13.82 13.68 14.05 12.02 8.69 5.38 

J144826.07-651426.1 14.93 13.85 13.54 13.26 13.26 13.23 13.21 13.04 13.03 10.40 7.69   

J144826.39-651405.7 11.82 10.59 10.12 9.87 9.85 9.98 10.00 9.80 9.79 9.35 7.63 5.38 

J144826.44-651106.4 11.58 10.77 10.55 10.39 10.40 10.42 10.45 10.37 10.30 10.63 8.68 1.54 

J144826.60-651921.0 14.10 13.61 13.46 13.31 13.29 13.20 13.33 13.27 13.37 11.84 9.34 1.49 

J144826.60-652007.3 12.67 11.91 11.62 11.43 11.48 11.49 11.52 11.48 11.43 10.62 8.59 3.44 

J144826.76-651936.6 14.70 13.92 13.84 13.65 13.65 13.60 13.80 13.56 13.91 11.46 8.81   

J144826.81-651502.5 14.91 13.61 13.04 12.81 12.72 12.67 12.79 12.61 12.50 11.32 7.74 7.44 

J144826.97-651143.5 9.96 9.02 8.62 8.42 8.41 8.56 8.57 8.43 8.41 8.37 7.81 5.23 

J144827.14-651943.2 13.85 13.30 13.16 13.02 13.01 13.00 13.17 12.96 12.92 11.21 8.23 0.95 

J144828.10-651335.5 13.03 12.58 12.31 12.20 12.21 12.10 12.20 12.12 12.23 11.27 8.61   

J144828.28-652026.6 13.03 12.08 11.86 11.68 11.67 11.74 11.77 11.65 11.58 10.75 8.33   

J144828.62-651640.7 16.33 14.71 14.09 13.68 13.55 13.47 13.62 13.30 13.36 11.38 8.32   

J144828.77-651547.0 15.68 14.45 13.98 13.64 13.56 13.47 13.59 13.56 13.74 12.28 8.59 5.53 

J144829.11-651936.0 14.70 13.95 13.66 13.55 13.58 13.55 13.62 13.54 14.04 11.95 8.93 3.59 

J144829.12-651908.9 13.95 13.03 12.76 12.16 12.37 12.45 12.38 12.36 12.32 11.51 8.45 2.09 

J144829.39-651448.5 13.91 12.95 12.64 12.37 12.37 12.34 12.35 12.28 12.42 10.29 7.58 2.97 

J144829.46-652011.5 14.69 14.00 13.84 13.62 13.61 13.58 13.68 13.63 13.78 11.60 8.58 0.66 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144830.23-651106.3 14.90 14.27 14.09 13.96 13.85 13.86 14.08 13.94 13.98 12.43 8.98 1.72 

J144830.86-651935.3 15.98 15.43 14.77 15.00 14.77 14.70 14.77 14.89 15.05 11.19 8.78   

J144831.07-651200.5 11.17 10.13 9.80 9.58 9.59 9.70 9.72 9.56 9.54 9.42 8.31 2.82 

J144831.43-651738.3 12.86 12.29 12.04 11.84 11.71 11.60 11.66 11.55 11.62 10.87 7.89 2.99 

J144831.58-651946.5 15.18 14.53 14.53 14.14 14.00 14.08 14.44 14.05 14.15 11.61 9.31   

J144831.83-651112.0 13.20 12.17 11.85 11.69 11.67 11.73 11.80 11.71 11.75 12.04 9.21 2.53 

J144832.39-651939.7 15.37 14.85 14.57 14.76 14.36 14.32 15.38 14.39 14.68 12.18 9.42   

J144832.42-651819.6 15.83 14.67 14.29 14.34 13.79 13.69 14.60 13.63 13.49 12.51 8.72 3.29 

J144832.55-652009.0 14.51 13.92 13.73 13.77 13.61 13.56 13.77 13.62 13.62 11.44 8.61 2.24 

J144832.72-651731.1 15.68 14.29 13.79 13.44 13.38 13.28 13.40 13.29 13.16 11.99 9.19 4.94 

J144832.83-651925.9 15.09 14.19 13.95 13.78 13.71 13.71 13.87 13.73 14.14 12.01 8.52 1.27 

J144832.99-651959.2 14.77 14.04 13.70 13.57 13.45 13.46 13.68 13.40 13.51 11.19 8.20 4.48 

J144833.07-651718.3 17.25 15.86 16.06 15.36 15.03 14.88 16.26 14.67 15.83 12.12 8.66   

J144833.27-651822.0 15.15 13.98 13.60 13.12 13.25 13.22 13.33 13.17 13.01 11.85 8.72 3.17 

J144833.39-652040.1 14.83 14.24 14.04 13.92 13.81 13.82 14.01 13.67 13.81 12.46 8.84 2.24 

J144833.65-651343.5 12.81 11.85 11.53 11.18 11.30 11.30 11.26 11.23 11.23 10.44 7.63 3.29 

J144833.90-651130.5 12.26 11.28 10.95 10.77 10.73 10.84 10.86 10.69 10.62 10.61 9.19 3.59 

J144834.14-651944.7 15.24 14.59 14.43 14.50 14.27 14.27 14.88 14.17 13.93 11.59 9.07 0.90 

J144834.37-651144.9 9.39 8.47 8.19 7.94 7.92 8.15 8.07 8.20 8.00 7.94 7.58 2.42 

J144834.47-651254.7 13.73 13.18 12.98 12.88 12.75 12.71 12.89 12.67 12.69 11.67 8.51 2.29 

J144834.57-651603.6 15.10 13.41 12.73 12.14 12.25 12.20 12.04 12.12 12.23 11.96 8.71 7.60 

J144834.65-651326.2 13.44 12.89 12.77 12.63 12.62 12.54 12.66 12.51 12.77 12.49 8.65 0.60 

J144834.70-651439.0 12.84 11.78 11.40 11.14 11.16 11.17 11.17 11.06 11.02 9.94 7.44 4.18 

J144835.08-651931.2 15.98 15.16 14.67 14.70 14.33 14.40 15.29 14.35 15.24 12.46 8.95   
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144835.19-651511.4 15.09 13.78 13.32 12.72 12.92 12.90 12.76 12.75 12.53 10.54 7.44 4.43 

J144835.24-651807.1 13.15 12.36 12.08 11.73 11.77 11.66 11.76 11.64 11.64 11.17 8.69 3.09 

J144836.02-651109.9 12.08 11.05 10.75 10.59 10.56 10.65 10.70 10.59 10.54 10.60 9.07 1.66 

J144836.05-651328.2 14.14 13.09 12.73 12.56 12.50 12.51 12.62 12.48 12.54 11.48 8.58 3.89 

J144836.29-652037.9 14.82 14.02 13.80 13.64 13.57 13.62 13.88 13.53 14.03 12.79 9.17 1.94 

J144836.36-651804.2 14.51 13.72 13.35 13.00 13.14 13.04 12.86 13.04 13.02 11.24 8.36 4.93 

J144836.38-651353.8 14.70 13.79 13.49 13.26 13.23 13.22 13.30 13.16 13.00 12.41 8.68 2.84 

J144837.27-652046.6 13.12 12.30 12.00 11.82 11.84 11.90 11.96 11.83 11.77 12.02 8.29 3.38 

J144837.44-651533.2 15.97 14.31 13.72 13.33 13.32 13.30 13.31 13.24 13.45 11.26 8.63   

J144838.06-651225.8 11.95 11.26 11.00 10.89 10.88 10.90 10.97 10.88 10.81 10.40 8.26 3.14 

J144838.15-651812.9 15.72 15.00 14.62 14.44 14.36 14.29 14.15 14.52 14.44 12.11 9.33 5.32 

J144838.15-651931.8 15.21 14.55 14.20 14.29 14.11 14.06 14.36 14.24 14.50 12.24 8.53 5.00 

J144838.60-651428.2 14.09 12.92 12.45 12.21 12.17 12.21 12.28 12.12 12.11 10.93 7.89 5.85 

J144838.71-651833.2 15.07 14.09 13.84 13.55 13.45 13.43 13.49 13.48 13.70 11.63 8.58   

J144839.14-651912.0 14.89 14.12 13.82 13.52 13.46 13.43 13.57 13.36 13.11 11.15 8.23 3.90 

J144839.15-651126.9 14.88 14.36 14.19 14.36 14.05 14.02 14.45 14.23 14.27 12.03 8.85 1.79 

J144839.28-651112.7 13.80 13.10 12.89 12.80 12.75 12.78 12.96 12.76 12.67 11.36 9.02 1.96 

J144839.35-651945.0 14.32 13.37 13.12 12.93 12.85 12.92 13.03 12.86 12.95 11.83 9.13   

J144839.38-651714.5 13.58 12.67 12.30 11.92 11.95 11.88 11.87 11.81 11.71 11.26 8.52 4.63 

J144840.04-651323.3 11.90 10.89 10.63 10.42 10.47 10.51 10.49 10.40 10.35 10.15 7.95   

J144840.11-651932.2 12.84 12.29 12.03 11.88 11.90 11.85 11.90 11.86 11.97 11.15 9.25 3.43 

J144840.35-651632.3 14.92 13.25 12.54 12.12 12.07 12.08 12.10 11.95 11.94 10.66 8.03 9.27 

J144840.59-651616.4 15.34 14.11 13.58 13.20 13.16 13.03 13.11 13.08 12.94 11.07 8.34 6.83 

J144840.60-651843.1 13.96 13.42 13.19 12.98 13.02 12.97 12.94 12.93 12.92 11.66 7.97 2.84 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
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[4.5] 
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[4.6] 
Mag 

[5.8] 
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[8.0] 
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[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144840.64-651804.8 12.75 11.73 11.36 11.12 11.13 11.10 11.14 11.02 10.99 10.55 8.16 4.11 

J144841.35-652040.4 13.78 12.94 12.68 12.51 12.55 12.55 12.64 12.50 12.50 11.59 8.85 2.39 

J144841.52-651732.7 16.61 15.52 15.19 15.05 14.69 14.61 15.47 14.63 14.94 12.20 8.35 2.66 

J144841.91-651151.5 15.65 14.82 14.66 14.57 14.32 14.23 14.77 14.45 14.34 11.47 9.06   

J144841.91-652025.7 15.51 15.03 14.59 15.29 14.59 14.63 16.34 14.83 14.64 11.54 8.93   

J144842.44-651812.5 13.34 12.19 11.79 11.58 11.55 11.59 11.64 11.47 11.53 10.96 8.36 3.96 

J144842.47-651456.0 14.96 14.02 13.53 13.24 13.13 13.05 13.13 13.01 13.07 12.03 8.28 6.88 

J144842.79-651504.9 14.48 13.09 12.46 12.10 12.07 12.05 12.04 11.90 11.90 12.03 8.63 8.37 

J144842.82-651841.2 15.81 15.32 15.06 14.78 14.72 14.66 14.74 15.31 15.46 12.70 8.65 3.70 

J144843.28-651207.6 12.92 12.19 11.99 11.88 11.87 11.97 11.92 11.83 11.81 10.76 8.36 1.49 

J144843.46-651112.6 15.03 14.34 14.08 13.95 13.92 13.90 14.20 13.87 13.65 12.40 9.23 3.29 

J144843.77-651758.0 15.22 14.37 13.94 13.83 13.80 13.74 13.81 13.86 14.05 12.17 8.78 5.98 

J144843.86-651316.0 11.38 10.62 10.43 10.25 10.27 10.29 10.30 10.23 10.21 10.00 8.21 0.99 

J144844.04-651938.4 12.02 11.16 10.86 10.67 10.67 10.71 10.74 10.65 10.56 10.34 8.22 2.95 

J144844.26-652047.5 15.50 14.71 14.39 14.50 14.17 14.27 14.95 14.26 14.40 12.04 8.80 3.89 

J144844.61-651900.5 11.07 10.20 9.90 9.73 9.74 9.78 9.80 9.68 9.67 9.65 8.19 3.29 

J144845.06-651811.0 16.06 15.06 14.83 14.61 14.29 14.36 14.83 14.26 14.48 12.61 8.60   

J144845.22-651659.5 16.19 15.12 14.52 14.53 14.34 14.26 14.67 14.27 13.96 12.78 9.19   

J144845.39-651441.8 14.73 13.68 13.18 12.98 12.81 12.80 12.91 12.73 12.62 12.13 8.41 6.88 

J144845.89-651255.6 13.64 13.23 13.00 12.89 12.92 12.86 12.96 12.88 13.09 10.60 8.69 3.09 

J144846.26-651824.5 13.71 12.65 12.30 12.13 12.09 12.08 12.16 11.98 12.09 11.03 8.07 2.91 

J144846.80-651524.3 15.74 14.12 13.51 13.12 13.05 13.03 13.06 12.87 12.92 12.17 8.19   

J144847.22-652016.3 15.09 14.18 13.91 13.72 13.75 13.76 13.84 13.80 13.83 12.29 8.13 2.09 

J144847.99-651955.4 15.75 14.90 14.49 14.16 14.09 14.09 14.34 14.11 14.80 12.79 8.36 5.38 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
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[4.5] 
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[4.6] 
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[5.8] 
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[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144848.09-651910.1 13.94 13.30 12.97 12.89 12.86 12.85 12.88 12.85 12.94 12.47 8.27 4.56 

J144848.26-651231.1 13.60 12.66 12.39 12.24 12.18 12.24 12.41 12.12 12.20 11.00 8.57 1.39 

J144848.59-651137.7 10.84 9.93 9.63 9.45 9.45 9.55 9.56 9.46 9.44 9.39 7.99 2.99 

J144849.01-651801.8 15.29 14.05 13.73 13.06 13.13 13.09 13.13 13.06 13.32 11.62 7.97   

J144849.07-651959.7 14.67 13.60 13.20 12.73 12.89 12.98 12.86 12.90 12.93 12.40 8.73 4.59 

J144849.18-651612.6 15.67 14.32 13.88 13.61 13.49 13.37 13.52 13.45 13.67 10.97 8.10   

J144849.38-651118.9 12.13 11.36 11.12 10.90 10.95 11.02 10.97 10.98 10.97 10.82 8.56 1.99 

J144849.47-652035.2 12.64 12.12 11.91 11.72 11.82 11.79 11.75 11.75 11.76 11.18 7.77 2.69 

J144849.75-651158.4 15.76 14.82 14.49 14.01 14.30 14.25 13.97 14.16 15.30 11.67 8.69 3.67 

J144849.81-651709.5 12.26 10.66 9.98 9.66 9.66 9.60 9.68 9.46 9.42 9.48 8.15 8.67 

J144849.97-651716.0 13.64 12.17 11.64 11.28 11.21 11.27 11.36 11.12 11.10 11.14 8.84   

J144850.01-651910.7 14.84 14.26 13.94 13.95 13.79 13.73 13.83 13.79 13.73 12.49 8.15   

J144850.31-651816.0 15.68 15.03 14.89 14.55 14.37 14.35 14.79 14.44 15.05 10.95 8.26 0.60 

J144850.42-651754.7 15.88 14.69 14.39 13.99 13.94 13.87 14.10 13.67 13.64 11.32 8.92   

J144850.79-651849.4 16.36 15.50 15.03 15.26 14.75 14.73 14.99 14.48 15.61 11.62 8.32   

J144850.87-651309.2 15.42 14.50 14.42 14.09 14.10 14.08 14.36 13.90 13.43 9.91 7.67   

J144851.19-651508.6 14.26 12.73 12.07 11.69 11.65 11.58 11.56 11.47 11.44 12.21 8.34 8.68 

J144851.90-652030.8 14.91 14.17 13.83 13.89 13.74 13.72 14.03 13.85 14.44 12.69 8.57 4.48 

J144852.10-651421.1 13.24 12.04 11.62 11.36 11.34 11.31 11.34 11.20 11.08 10.77 8.56 4.14 

J144852.94-651324.9 12.81 12.37 12.18 12.06 12.02 11.98 12.03 11.93 11.77 9.97 7.36 2.26 

J144853.19-651138.9 11.66 10.63 10.25 10.05 10.05 10.17 10.19 10.22 10.01 9.78 8.04 4.32 

J144853.21-651910.1 16.96 15.73 15.65 15.24 14.87 14.86 15.52 14.97 14.16 11.98 8.67   

J144853.26-652003.0 13.99 13.47 13.20 12.95 13.04 13.01 13.01 12.96 12.89 12.85 9.15 3.67 

J144854.01-651926.2 14.59 13.89 13.59 13.49 13.35 13.32 13.56 13.29 13.42 12.62 8.90 3.89 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
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[3.4] 
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[3.6] 
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[4.5] 
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[4.6] 
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[5.8] 
Mag 
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[12.0]a 
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[22.0]b 
Mag 

AV 

J144854.68-651937.9 15.71 15.08 14.83 14.92 14.55 14.50 15.42 14.55 14.29 12.82 8.96 3.29 

J144854.69-651120.3 14.32 13.70 13.55 13.43 13.35 13.27 13.42 13.37 13.45 11.41 8.83 0.82 

J144854.72-651918.9 15.60 14.65 14.30 14.36 14.06 14.14 14.63 14.25 14.89 12.43 8.52 3.80 

J144855.11-651853.9 16.15 15.34 15.12 14.47 14.62 14.56 14.57 14.58 13.82 11.14 7.89 1.54 

J144855.32-652029.8 14.44 13.90 13.70 13.49 13.38 13.38 13.65 13.33 13.35 11.59 7.76 2.36 

J144855.89-651905.4 16.03 15.24 14.98 14.95 14.66 14.61 15.03 14.67 14.68 11.58 9.04 2.66 

J144856.02-651439.0 14.21 12.88 12.34 11.99 11.99 11.96 11.99 11.85 11.76 11.40 8.93 6.43 

J144856.06-651152.0 12.73 11.90 11.59 11.44 11.44 11.45 11.51 11.42 11.36 10.68 8.93 3.34 

J144856.19-651731.5 15.78 14.47 14.08 13.75 13.67 13.60 13.70 13.58 13.38 11.37 8.71   

J144856.87-652009.2 13.98 13.06 12.81 12.62 12.59 12.64 12.73 12.61 12.66 11.95 8.29 1.39 

J144857.16-651435.6 14.22 13.22 12.86 12.49 12.53 12.45 12.45 12.40 12.40 11.29 8.63 3.98 

J144857.27-651607.8 15.12 13.84 13.28 13.00 12.89 12.79 12.88 12.75 12.64 11.42 8.90 7.11 

J144857.54-651923.7 11.87 10.71 10.29 10.06 10.04 10.14 10.17 10.01 10.01 9.95 7.64 4.62 

J144857.56-651651.3 14.72 13.72 13.24 12.90 12.88 12.74 12.81 12.70 12.74 11.48 8.18 6.58 

J144858.58-651352.5 13.38 12.33 11.87 11.69 11.65 11.75 11.75 11.58 11.56 11.07 7.87 6.13 

J144859.05-651259.4 12.29 11.66 11.50 11.33 11.36 11.28 11.32 11.26 11.28 10.25 7.63 1.03 

J144859.18-651511.5 15.24 13.88 13.44 13.06 13.07 13.02 12.99 12.96 12.74 12.14 8.38   

J144859.39-651200.0 12.11 10.99 10.69 10.41 10.42 10.49 10.52 10.40 10.37 9.98 8.25   

J144859.44-651659.7 15.36 14.29 13.79 13.46 13.47 13.41 13.40 13.39 13.34 12.09 8.50 6.87 

J144859.83-651540.1 15.25 13.89 13.22 12.93 12.87 12.77 12.87 12.73 12.62 12.37 8.34 9.42 

J144900.14-651945.4 14.56 13.55 13.25 13.05 12.99 13.09 13.08 13.00 13.01 12.00 9.13 2.15 

J144900.34-652015.9 15.45 14.81 14.67 14.82 14.44 14.43 15.62 14.46 14.83 11.51 8.28 0.60 

J144901.01-651708.3 15.27 14.07 13.61 13.19 13.24 13.14 13.09 13.03 12.59 11.40 8.13 5.38 

J144901.14-651520.9 15.37 13.95 13.37 13.13 13.04 12.99 13.08 12.81 12.89 12.16 8.60 7.17 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144901.70-651330.0 14.17 13.07 12.66 12.41 12.44 12.47 12.50 12.38 12.46 11.57 8.21 4.66 

J144902.01-651947.0 13.91 13.07 12.78 12.36 12.54 12.58 12.45 12.54 12.51 11.84 8.28 3.16 

J144902.37-651602.0 15.61 14.23 13.78 13.35 13.27 13.16 13.30 13.13 13.08 12.36 8.82   

J144902.65-651545.2 15.69 14.19 13.78 13.30 13.23 13.18 13.22 13.12 13.15 11.17 8.18   

J144902.77-651852.4 13.23 12.71 12.47 12.35 12.32 12.25 12.36 12.25 12.25 11.28 8.22 2.84 

J144902.83-651202.5 12.63 12.09 11.89 11.72 11.73 11.64 11.69 11.60 11.62 10.27 7.81 2.36 

J144902.91-651254.7 14.42 13.48 13.29 12.84 13.02 12.95 12.94 12.88 12.75 11.25 8.44   

J144903.98-651226.7 14.62 13.81 13.56 12.99 13.25 13.21 13.07 13.27 13.17 10.78 8.53 2.26 

J144904.09-651632.6 14.51 13.21 12.66 12.34 12.32 12.24 12.24 12.18 12.23 11.98 8.49 7.07 

J144904.25-651429.8 13.53 12.43 12.01 11.74 11.70 11.70 11.77 11.61 11.55 11.37 7.93 4.94 

J144904.29-651735.2 14.79 13.60 13.11 12.59 12.71 12.70 12.62 12.59 12.61 11.08 8.16 6.18 

J144905.21-651910.2 15.60 14.65 14.36 14.24 14.13 14.07 14.44 14.12 17.94 12.53 8.48 1.97 

J144905.42-651656.3 15.50 14.35 13.95 13.83 13.67 13.59 13.95 13.53 13.54 11.62 8.46 3.96 

J144905.84-651734.0 14.00 12.82 12.50 12.24 12.25 12.14 12.20 12.17 12.10 10.76 8.14   

J144906.01-651938.2 14.91 14.22 13.96 14.02 13.82 13.79 14.24 13.84 14.16 12.34 8.38 3.14 

J144906.20-651356.9 13.78 13.17 12.74 12.63 12.60 12.55 12.61 12.47 12.40 11.83 8.58   

J144906.65-651924.5 16.08 15.08 14.65 14.77 14.50 14.44 15.35 14.53 14.79 12.80 9.18 5.68 

J144906.76-651644.2 15.45 14.31 13.82 13.57 13.49 13.47 13.64 13.49 13.35 12.40 8.35 6.27 

J144906.77-651841.7 13.74 13.11 12.92 12.73 12.76 12.70 12.78 12.66 12.55 11.16 8.23 1.72 

J144906.89-651252.8 12.66 12.14 11.87 11.78 11.79 11.71 11.77 11.65 11.66 11.18 8.85 3.67 

J144906.99-651815.7 14.98 13.93 13.45 13.27 13.18 13.21 13.28 13.13 12.94 11.00 8.11 6.51 

J144907.50-651939.5 13.64 12.60 12.26 12.07 12.05 12.11 12.19 12.02 12.02 11.30 8.75 3.63 

J144907.97-651216.2 14.63 13.92 13.62 13.40 13.13 12.91 13.06 12.72 12.16 10.56 8.74 3.86 

J144908.18-652001.8 15.19 14.51 14.15 14.12 13.92 13.78 14.13 13.92 13.47 11.77 8.70 4.78 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144908.20-651230.5 13.85 12.94 12.55 12.42 12.51 12.40 12.45 12.29 12.39 11.45 8.66 5.08 

J144908.23-652008.6 13.88 13.04 12.79 12.67 12.59 12.57 12.72 12.55 12.52 12.11 8.60 2.24 

J144908.29-651458.9 14.84 13.57 13.02 12.85 12.71 12.70 12.84 12.70 12.72 12.17 8.01 7.14 

J144908.53-651853.4 14.81 13.88 13.51 12.93 13.29 13.34 13.05 13.28 13.40 11.29 8.03 4.46 

J144908.68-651149.9 15.21 14.53 14.29 14.06 14.02 13.91 14.31 14.05 14.15 11.91 9.30 2.54 

J144908.83-651602.1 14.29 13.05 12.56 12.31 12.30 12.27 12.37 12.22 12.44 10.82 7.64 6.21 

J144911.13-651807.9 15.11 14.22 13.89 13.73 13.73 13.76 13.73 13.71 13.74 11.56 8.15 3.80 

J144911.60-651411.4 11.73 11.20 10.89 10.72 10.73 10.65 10.65 10.59 10.60 10.24 9.00   

J144911.73-651526.8 14.22 13.39 12.96 12.73 12.77 12.70 12.68 12.51 12.52 9.54 6.64 5.98 

J144912.38-651938.9 14.82 14.16 13.82 13.60 13.54 13.50 13.66 13.46 13.53 12.62 8.53 4.63 

J144912.90-651414.8 11.80 11.28 10.95 10.81 10.78 10.73 10.76 10.68 10.74 10.45 8.49   

J144913.15-651225.6 12.15 11.39 11.10 10.94 10.91 10.92 10.96 10.85 10.86 10.23 7.78 3.44 

J144913.26-651635.1 13.33 12.25 11.81 11.63 11.59 11.63 11.72 11.54 11.53 11.00 8.16 5.26 

J144913.41-651728.7 14.75 13.67 13.18 12.67 12.86 12.79 12.73 12.70 12.46 11.01 8.35 6.61 

J144914.15-651336.7 14.15 13.38 13.07 12.90 12.84 12.84 12.93 12.84 12.70 12.47 8.28 4.11 

J144914.30-651412.8 11.23 10.25 9.89 9.66 9.66 9.69 9.72 9.57 9.55 9.47 7.89 4.18 

J144914.87-651837.5 13.40 12.53 12.16 11.88 11.83 11.93 11.91 11.78 11.78 11.54 7.94 4.79 

J144915.31-651723.0 13.59 12.45 12.05 11.68 11.74 11.76 11.76 11.66 11.70 11.22 8.38 4.18 

J144916.55-651925.6 14.82 13.91 13.53 13.49 13.44 13.45 13.53 13.40 13.28 12.65 9.13 4.93 

J144916.93-651940.2 14.28 13.41 13.10 12.86 12.89 12.96 12.97 12.94 13.03 11.87 8.92 3.47 

J144917.15-651405.2 14.26 13.70 13.47 13.35 13.28 13.25 13.42 13.29 13.63 11.31 8.92 2.84 

J144917.32-651907.1 14.91 14.36 14.06 14.15 13.99 13.95 14.08 14.08 15.02 12.44 8.69 4.32 

J144918.24-651743.0 14.43 13.90 13.60 13.59 13.47 13.37 13.62 13.31 13.73 11.30 7.92   

J144919.19-651319.1 13.14 12.31 11.99 11.84 11.81 11.84 11.93 11.79 11.84 11.10 8.84 3.73 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144919.33-651835.9 14.66 13.74 13.35 13.26 13.15 13.17 13.34 13.11 13.22 12.73 8.44 5.08 

J144920.23-651748.8 13.96 13.36 13.14 13.01 12.97 12.93 13.05 12.91 12.73 10.65 7.71 2.54 

J144920.42-651433.1 13.78 12.97 12.75 12.59 12.55 12.54 12.64 12.45 12.43 9.98 7.19 1.76 

J144920.67-651901.3 11.12 10.50 10.33 10.23 10.21 10.20 10.23 10.14 10.14 10.16 8.15 1.14 

J144920.82-651840.4 15.12 14.29 14.22 14.06 13.83 13.83 14.26 13.79 14.19 12.56 9.14   

J144921.41-651702.0 15.18 14.42 13.92 13.48 13.74 13.73 13.51 13.53 13.78 12.48 8.83   

J144921.49-651337.0 15.93 15.34 15.05 14.69 14.37 14.49 14.85 14.24 14.02 11.32 8.95 3.89 

J144921.71-651301.8 11.25 10.42 10.12 9.85 9.95 10.00 9.94 9.92 9.88 9.55 7.78 3.36 

J144922.93-651414.4 14.09 13.51 13.38 13.30 13.18 13.16 13.39 13.12 13.09 10.73 8.12 0.89 

J144923.16-651828.1 13.38 12.38 11.99 11.83 11.80 11.87 11.92 11.74 11.78 10.93 7.93 4.70 

J144923.58-651855.8 15.02 14.10 13.87 13.72 13.60 13.64 13.92 13.62 13.56 12.01 8.87   

J144923.89-651722.7 14.32 13.46 13.24 12.85 12.89 12.90 12.93 12.84 13.07 12.56 8.66   

J144924.14-651639.8 13.39 12.79 12.54 12.45 12.45 12.36 12.43 12.37 12.30 11.13 8.18 2.97 

J144924.17-651717.5 14.43 13.51 13.20 13.01 12.91 12.94 13.06 12.91 13.00 12.23 8.71 2.99 

J144924.57-651414.7 13.64 13.04 12.80 12.65 12.63 12.59 12.71 12.55 12.61 11.63 9.25 2.97 

J144924.85-651339.6 13.56 12.90 12.65 12.53 12.48 12.56 12.63 12.41 12.33 11.08 8.22 2.99 

J144925.21-651700.9 14.83 14.25 14.02 13.66 13.53 13.42 13.68 13.56 13.67 12.64 8.26 2.84 

J144926.03-651542.1 14.02 13.22 12.48 11.26 11.05 9.94 9.75 8.55 6.95 5.92 3.61   

J144926.51-651239.7 13.42 12.50 12.14 12.00 11.96 12.02 12.06 11.94 11.91 11.35 8.30 4.28 

J144926.90-651754.4 13.71 12.70 12.34 12.16 12.09 12.21 12.30 12.06 12.19 10.95 8.46 3.98 

J144926.91-651737.5 11.68 10.80 10.51 10.27 10.33 10.38 10.37 10.29 10.27 10.18 8.70 2.88 

J144927.22-651844.4 11.24 10.80 10.70 10.61 10.67 10.68 10.67 10.64 10.61 10.12 8.02 0.42 

J144928.43-651325.0 14.47 13.82 13.59 13.43 13.40 13.38 13.46 13.32 13.34 11.18 8.43 2.54 

J144928.94-651436.8 15.23 14.29 14.02 13.87 13.83 13.83 14.14 13.94 14.28 11.23 8.39 1.83 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144929.22-651637.5 15.09 14.56 14.18 14.29 14.03 14.05 14.27 14.30 14.55 11.38 7.92   

J144929.86-651725.5 14.93 14.15 13.91 13.86 13.58 13.62 14.05 13.54 13.82 12.09 8.49 2.19 

J144930.09-651339.3 13.23 12.29 12.12 11.91 11.84 11.90 12.00 11.83 11.91 11.21 8.74   

J144930.33-651455.4 13.10 12.65 12.45 12.23 12.28 12.22 12.20 12.19 12.18 10.86 7.51 2.40 

J144930.35-651523.2 14.93 14.37 14.09 14.07 13.99 14.00 14.37 14.36 13.89 11.43 8.04 3.59 

J144931.09-651538.3 15.84 14.94 14.62 14.84 14.48 14.46 15.15 14.43 16.12 12.38 8.50 3.62 

J144931.43-651337.1 14.18 13.72 13.53 13.46 13.37 13.32 13.44 13.38 13.27 12.50 8.51 2.24 

J144931.96-651316.6 14.45 13.92 13.62 13.51 13.47 13.43 13.65 13.42 13.46 11.62 8.57   

J144932.17-651646.3 14.16 13.25 13.05 12.82 12.82 12.83 12.99 12.78 12.57 11.19 8.25   

J144932.21-651307.6 12.29 11.24 10.88 10.66 10.72 10.81 10.77 10.68 10.65 10.34 8.27 3.89 

J144932.78-651610.0 13.63 12.70 12.46 12.25 12.24 12.22 12.36 12.16 12.20 11.05 8.76   

J144933.05-651620.2 13.31 12.24 11.95 11.67 11.64 11.73 11.74 11.68 11.60 10.75 8.34   

J144933.17-651628.0 10.98 10.24 9.99 9.83 9.84 9.86 9.90 9.80 9.76 9.53 8.60 2.81 

J144933.55-651641.3 15.13 14.24 13.86 13.90 13.66 13.66 14.27 13.62 13.58 12.38 8.16 4.93 

J144933.70-651444.5 12.93 12.11 11.90 11.55 11.67 11.67 11.70 11.61 11.58 11.42 8.27 0.99 

J144934.11-651404.8 15.93 15.21 15.11 15.11 14.74 14.70 15.41 15.05 15.80 12.59 8.70   

J144934.12-651523.2 13.55 13.01 12.80 12.81 12.73 12.69 12.83 12.74 12.92 12.54 8.58 2.54 

J144934.22-651338.7 15.93 15.08 14.99 15.01 14.61 14.53 15.83 14.88 14.70 12.04 9.14   

J144934.23-651510.9 13.16 12.29 12.04 11.78 11.85 11.92 11.90 11.80 11.83 11.12 8.24 1.87 

J144934.51-651457.2 13.15 12.65 12.51 12.30 12.27 12.27 12.32 12.24 12.21 11.69 8.76 1.04 

J144934.60-651532.4 15.85 14.74 14.48 14.25 14.00 14.05 14.36 14.03 14.26 12.17 8.66   

J144934.87-651823.1 14.48 13.65 13.36 13.22 13.13 13.13 13.37 13.10 13.06 11.23 8.16 3.00 

J144935.09-651811.4 15.24 14.76 14.62 14.38 14.37 14.34 14.90 14.35 14.56 11.29 8.47 1.49 

J144935.71-651411.7 15.20 14.63 14.44 14.44 14.24 14.26 14.84 14.04 14.54 12.36 8.77 2.09 
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2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0]a 
Mag 

[22.0]b 
Mag 

AV 

J144936.23-651432.4 13.99 13.43 13.25 13.21 13.08 13.06 13.28 13.10 13.17 12.75 9.33 1.79 

J144936.66-651803.8 13.97 13.10 12.78 12.59 12.64 12.66 12.74 12.62 12.68 11.01 7.86 3.65 

J144937.04-651337.9 14.46 13.93 13.62 13.80 13.64 13.58 13.83 13.61 13.73 12.01 9.26   

J144937.07-651629.5 11.17 10.16 9.83 9.61 9.62 9.73 9.76 9.61 9.57 9.34 7.58 3.59 

J144938.94-651452.4 14.93 14.02 13.79 13.80 13.59 13.57 13.86 13.57 13.82 12.21 8.60   

J144938.97-651608.0 12.50 11.69 11.46 11.30 11.29 11.30 11.34 11.26 11.27 10.69 8.47 1.94 

J144939.45-651749.0 10.03 9.32 9.13 8.98 9.08 9.00 9.01 8.93 8.91 8.83 7.77 1.35 

J144940.06-651530.4 11.13 10.26 9.99 9.82 9.82 9.90 9.90 9.81 9.78 9.79 8.40 2.54 

J144940.08-651409.6 15.32 14.78 14.51 14.60 14.41 14.35 15.02 14.29 14.93 12.34 8.80 3.59 

J144940.57-651648.1 14.57 14.10 13.90 13.86 13.72 13.67 13.85 13.80 14.01 11.91 8.36 2.24 

J144941.77-651632.7 11.65 10.59 10.24 9.90 9.99 10.12 10.03 9.99 9.89 9.95 8.69 3.19 

J144942.45-651702.2 14.11 13.53 13.34 13.22 13.13 13.13 13.27 13.12 13.00 11.31 9.00 1.94 

J144942.51-651628.0 10.45 9.54 9.16 9.01 8.97 9.07 9.14 8.99 8.95 8.94 7.94 4.63 

J144943.55-651647.6 13.80 13.27 13.11 12.84 12.96 12.86 12.94 12.91 13.16 11.43 8.31 1.49 

J144944.39-651614.1 14.26 13.50 13.34 13.19 13.15 13.11 13.36 13.22 13.27 12.45 8.93   
a: The error on some of the 12-micron data is not available, but the data is presented here directly from WISE for completion. 
b: 22-micron data is high and most likely is only measuring background and not the actual source. Many of the sources do not 
have error available from WISE at 22-micron. The data is presented here directly from WISE for completion.  
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Table 5.4: 
 
Catalog of bright (H-band < 12.0 mag) sources with significant visual extinction (> 5.0 mag) and associated data (in magnitude 
units) for DC 314.8-5.1.  
 

2MASS ID 
[1.25] 
Mag 

[1.65] 
Mag 

[2.17] 
Mag 

[3.4] 
Mag 

[3.6] 
Mag 

[4.5] 
Mag 

[4.6] 
Mag 

[5.8] 
Mag 

[8.0] 
Mag 

[12.0] 
Mag 

[22.0] 
Mag 

A_V 

J144751.32-651741.3 10.15 8.83 8.27 7.97 7.93 8.22 8.12 8.15 7.89 7.95 7.63 7.22 

J144803.83-651611.0 12.84 11.58 11.10 10.81 10.79 10.80 10.86 10.71 10.69 10.28 8.00 5.68 

J144814.02-651643.7 12.91 11.71 11.18 10.87 10.87 10.89 10.89 10.77 10.69 10.47 8.15 6.71 

J144818.12-651739.6 13.14 11.99 11.49 11.16 11.16 11.18 11.23 11.07 11.10 10.91 8.16 6.58 

J144826.39-651405.7 11.82 10.59 10.12 9.87 9.85 9.98 10.00 9.80 9.79 9.35 7.63 5.38 

J144826.97-651143.5 9.96 9.02 8.62 8.42 8.41 8.56 8.57 8.43 8.41 8.37 7.81 5.23 

J144849.81-651709.5 12.26 10.66 9.98 9.66 9.66 9.60 9.68 9.46 9.42 9.48 8.15 8.67 
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Chapter 6 
 

Conclusions 
 

This study has examined both astronomical research of a dust cloud and the 

incorporation of analogous research methods and subject matter into the classroom 

through an educator-scientist partnership. The author has shown that the 

information learned from their science research significantly aided in the creation of 

an inquiry based science lesson. However, without aid from experienced teachers 

the lesson would have been a failure for multiple reasons. As a scientist the author 

had expectations that were unreachable. Things in the lesson that did not take much 

time for a scientists in a research environment, were much more time consuming for 

students. Meetings with teachers helped guide the scientist to a lesson that would 

work in practice and not just theory. Educators were able to show the scientist 

methods of teaching that allow for information to be passed on in a shorter amount 

of time and with the least amount of trouble. Once the scientist created the lesson, 

the scientist brought it to educators and realized that from the science-specific point 

of view, it was too complex and idealistic. What seems simple to an expert can be 

difficult for students who do not have the prior knowledge necessary to understand 

the information presented. The lesson had not been examined and tested for the 

applicability for the age group and the challenges of doing the lesson in the 

classroom. Through a partnership with science educators, the scientist was able to 

test the lesson in a variety of different classroom settings to make it more feasible 

for teachers to understand and be able to implement on their own.  From a 

specifically science point of view, the scientist did not account for the time necessary 
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to complete these lessons, the technology needed, or the background knowledge of 

both the technology and the subject matter. This is where the partnership between 

scientist and educator is important, in taking new topics in science that can be 

implemented into the classroom and altering lessons to fit the age group and 

classroom dynamics which exist.  

The overarching question to this dissertation was, “How can scientists and 

teachers work together to create inquiry-based astronomy lessons for middle school 

students?” It has been shown that these partnerships can be great, but do require 

commitments from both parties. The largest commitment is that of time. It can be 

difficult for teachers to schedule meetings with scientists to work on lessons. 

Further, many teachers stated that it can be difficult for them to find local experts to 

work with. Along with time, all parties must have patience and the will to want to 

work together to better educate students. Along with the overarching question, 

there were three other questions asked. 

 “How do teachers adapt an inquiry-based astronomy lesson created by a 

scientist?” It has been shown that teachers are willing to adapt lessons for their 

classroom. These adaptations are different for each teacher, which is what is 

expected. No two classrooms are the same and by working with teachers, scientists 

are able to make lessons that work well in the classroom. A teacher’s adaptation can 

be as simple as editing out unnecessary information or as complex as completely 

changing the method the lesson is taught. By creating a trusting partnership 

between educators and scientists, both parties feel comfortable discussing the 
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necessary changes that need to be made in order to ensure students are presented 

with a lesson that best fits their classroom.  

“How do teachers and an astronomer work together in the implementation of 

the adapted inquiry-based astronomy lesson?” This dissertation has shown that 

given the right teacher and the right scientist a partnership can be very beneficial. 

Initially it was difficult finding educators to work with because of their busy 

schedules, but once partnerships were found they blossomed into very beneficial 

collaborations. This dissertation has shown that educators and astronomers work 

together well in implementing new lessons. In fact, it is even possible to change a 

lesson “on the fly” if the need arises. Teachers are willing to step back and allow a 

scientist to teach the lesson if they feel that would be best for the students. 

“What do teacher reflections reveal about their experiences adapting and 

teaching the inquiry-based astronomy lesson with an astronomer?” Four of the five 

teachers were not initially comfortable teaching a lesson with science they were not 

familiar with. However, on post-lesson reflection it was discussed that in the future, 

after watching a scientist present the lesson, they would be comfortable presenting 

the lesson. This shows that be working with a scientist to create or adapt a lesson, 

educators gain new knowledge. In post reflection, teachers shared that they were 

apprehensive before the partnership was able to fully develop. However, after 

working together both parties were able to help create something that will benefit 

future students.  

As in any research project, this research had limitations. The largest 

limitation was in the search for teachers. Initial contact was made to over 250 
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educators with responses coming back from approximately ten. This could introduce 

a bias of working only with teachers who have a preconceived willingness to bring in 

outside experts. This dissertation shows that the teachers were willing to work with 

experts and worked well, but this could have been why they replied to the initial 

contact. Another limitation was time. It would be ideal if this lesson could be done 

over multiple school years and if researchers could follow the students to see how 

inquiry science education affects their future understanding of science. This is an 

idea for a future research project. 

 The largest initial problem with the education portion of this research was 

that the lesson was written completely by a scientist. This led to some complexities 

and advanced techniques integrated into the lesson which could not be used in the 

classroom. A teacher would have been able to curb these complexities from the 

beginning of the lesson’s inception by knowing the capabilities of the classroom and 

age group.  Further, teachers are under constant time constraints and in choosing a 

lesson, teachers must factor in how many standards are met by the lesson as well as 

the time required to prepare for and teach the lesson. Challenging the students is a 

goal for both parties. Finding a way to navigate more attainable skills while avoiding 

the loss of class time in the process can, therefore, be an opportunity for 

collaboration between scientist and teacher.  

For example, it was found that many students have not used Excel by middle 

school which is a problem because spreadsheet software has become a requirement 

in many work places. By learning and understanding Excel students are being better 

prepared for their future academic and/or professional careers. Moreover, by 
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finding a way to teach Excel while learning the required science standards teachers 

can continue doing what is required of them by the state while giving students 

career skills they will need in the future. Further, the lesson the scientist created 

expended too much time for the number of standards that would be met through the 

lesson. Teachers are under pressure to teach many national and stated education 

standards in a short amount of time, so asking them to use a lesson that requires a 

large time commitment would require the lesson to reach multiple education 

standards. However, after talking to teachers with years of experience the lesson 

was able to be edited to reduce the time requirement and include more standards 

while ensuring the lesson was better for the classroom. This shows the need for an 

educator-scientist partnership because there is a large difference between theory 

and practice in both science and education. While inquiry does work in the 

classroom as well as in the laboratory, it cannot be undertaken in the same manner. 

 Through this research, the author found that there were a few areas of study 

which need further research. The author would like to see this research continue in 

a way in which researchers can compare students learning from inquiry to their 

current methods of learning science. Also, a further point to study would be the 

measure of lesson retention by students when an expert visits compared to when 

their teacher is the sole provider of information. A study would also have to be done 

on possible negative effects on students who switch often from inquiry style 

learning in one class to other methods of teaching in other classes to see if the 

switching does affect students’ ability to learn. Further studies could also look into 
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the effect of educator-scientist created lessons versus lessons created only by 

educators or those only created by scientists. 

One major recommendation that was presented during the scientist’s 

education research which would aid in the educator-scientist partnership was the 

need for a method of communication between educators and experts. Therefore, a 

shared scientist and science educator social media type website could be created 

through which connections could be formed between the two parties. It would be 

highly beneficial for teachers and students if there was a database or forum of 

science experts who are willing to work with teachers. The author’s idea is that 

experts could go online and sign up to the site where they list their area of expertise, 

the region in which they are willing to teach, and the grade levels with which they 

are comfortable. Then a teacher could browse the site and could connect with a local 

expert. The site would make it quick and easy for teachers to connect with experts 

by entering information such as their zip code, what branch of science they teach, 

and their grade or age group. The teacher would be presented with a list of people 

the teacher could contact along with the best method and times to contact the 

expert.  Conversely, scientists could use the site in the same manner and search for 

teachers in their area who are willing to host scientists. Scientists would be able to 

present lessons, through collaboration, relating to their research as well as discuss 

the latest breakthroughs with the students. Now is an era of dating websites and fast 

pace lifestyles. By making it both easier on scientists and teachers more bonds can 

be created that will help everyone involved.  
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Often there is a disconnection between scientists and science educators 

because scientists are constantly moving forward challenging themselves and 

scientific knowledge through their research practice. They are the feet on the 

ground working towards change and using methods of research that make sense in 

the everyday world. However, scientists often get so entangled in their field, they 

become unable to communicate the necessity and significance of their research to 

those outside of the scientific community. Conversely, science educators must build 

the foundation of science for young minds year in and year out, while adhering to 

strict educational standards. Science educators often find themselves “out of the 

loop,” so to speak, because they often build their lesson plans annually to teach the 

same educational standards. Through this time-consuming process they do not have 

the time or perceived access to resources to aid in bringing the most current 

scientific breakthroughs into their classroom. 

By building a community around science which includes partnerships 

between local science educators and science researchers; teachers would be able to 

expose themselves and their students to the newest scientific breakthroughs, and if 

carefully planned, would help meet the same educational standards in a new way. 

The other benefit of this partnership is to bring science researchers “back to Earth” 

by allowing them to work with seasoned educators who could help them find a way 

to talk about their research but reach a wider audience. This would not only aid in 

their quest for funding of further research projects, but also inspire future 

generations of youth to become more interested in the sciences and the grand scope 

of possibilities in science. The challenge in presenting complex subjects to a lay 
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audience is not easily met, but can be overcome through this partnership and by 

teaching advanced subjects to audiences, using analogies. Creating successful 

analogies requires two things: knowing the audience on the part of the educator and 

having a depth of knowledge about the topic that the analogy can accurately 

represent the intent of the concept on the part of the scientist. With the correct tools 

in place and connections made, these partnerships can benefit not only educator 

and scientist, but more importantly provide a better experience with the sciences 

for the students involved in the lessons.  

The scientific research examines a region with potential for the birth of new 

stars and planets. Similarly, the author’s education research examines the study of 

science and the potential for its improvement in the middle school classroom. In 

both concepts the key word of potential arising is a very important point to this 

entire study. In both cases it seems that all of the proper ingredients exist for action, 

but in order for stars, planets, and life to form or science education to improve some 

steps must be taken. For dust clouds, it is their gravitational collapse that leads to 

nuclear fusion. This fusion then gives birth to stars. For the middle school 

classroom, it is the partnership between scientist and educator working together to 

help evolve science education into a more realistic practice. This piques students’ 

curiosity and perhaps, as in the case of the dust clouds, new scientists are born.  

For education, the purpose of this dissertation is a “call to action” for 

scientists and educators to work together to better prepare students for higher 

education and careers as well as reinforcing the sciences in schools. For science, it is 

a quest to understand the fundamental origins of life as scientists know it and what 



 

 174 

the building blocks are for future existence of life. Finding the potential in ourselves, 

as educators and scientists, we can begin to understand the building blocks of the 

success of future generations, but also further widen and deepen the knowledge of 

the past and future origins of life. 

Through this research project the author hopes to contribute to both the field 

of education and the field of infrared astronomy. In education the contribution is 

that inquiry science education can be used to teach current research in science to 

middle school students; further, educator-scientist partnerships can be beneficial to 

teachers, scientists, and students. By working together scientist and educators are 

able to create a science lesson that is better than if any one party worked alone. In 

infrared astronomy, the contribution is a database of field stars that can be used for 

spectroscopy to further study DC314. Also, there are two celestial objects of great 

interest, first is a probable YSO and the other is a probable edge-on Class I protostar, 

both are in need of further research and because of this dissertation that research 

will be easier to accomplish.
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Appendix A: Call for Participants 
 

Research Study—Participants Needed!  
 

 
To: 
Middle School Teachers (grades 6 through 9) 
Capital Region of New York State 
 
 
Dear Teacher, 
 
Little research has been done on inquiry lessons in astronomy. We often think of 
biology, geology, or chemistry as inquiry based, but not astronomy. 
 
For this reason, this letter is to ask if you would be willing to participate in a 
research study examining inquiry based science lessons in your classroom.  The 
study will involve two interviews with a local astrophysics researcher and teaching 
a new inquiry based astronomy lesson in your classroom.  
 
If you would like to participate, please email back the attached survey with your 
answers to: paulmayeur@gmail.com.   Please try and be complete as possible with 
the survey. 
 
The results of this study conducted in school districts throughout the Capital Region 
will provide valuable information for science education courses. The names of 
participating school districts, school buildings, and teachers will not be stated in any 
published documents and participation is voluntary.  
 
All contact information will be kept confidential. Thank you for your time and 
cooperation.  
 
Sincerely, 
 
 
Paul A. Mayeur 
Ph.D. student 
Rensselaer Polytechnic Institute 
paulmayeur@gmail.com 
  

mailto:emailseema@gmail.com
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Appendix B: Survey of Teachers 
 

 
Dear Teacher, 
 
This survey is part of a research study about middle school teachers’ and scientists 
partnerships.  Below you will be asked to (1) to provide your professional and 
contact information, and (2) describe generally about your experience with 
outsiders in your classroom. 
 

Professional and Contact Information 

Teacher’s Name: ______________________________            Date: ____________ 

School: ________________________      Grade Level(s) Taught: ________________ 

Subjects Taught: _______________Years of Teaching Experience: __________     

Email: ____________________________ 

Mailing Address AND Phone Number: 

_________________________________________________________________________________________________

_________________________________________________________________________________________________  

Please Answer Questions as Thorough as Possible 

1. How often do you have a scientist come to your classroom? 

 

 

2.  What reasons do you invite a scientist to your classroom?   

 

 

3. What is your educational background? (Undergraduate major? Graduate School 

major? 
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4. What science courses have you taken (if any) after high school? 

 

  

5. If given the chance would you like to work with local science experts to help 

create new science lessons?  

 

 

6. Do you find that you have time to keep up with the latest breakthrough in 

science? If so, are you able to incorporate the new breakthroughs into your 

classroom? 

 

 

7. Do you try to incorporate new lessons into your teaching each year? 

 

 

8. Have you used astronomy in your classroom to teach national and/or state 

education standards? 

 

 

9. Would you be willing to be video- and audio-recorded while teaching to your 

class?   Yes_____  No____ 
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10. Would you be willing to answer several questions on your thoughts about 

science (while being audio-taped)? Yes______     No_____ 

 

 

11. Does your classroom have access to enough computers for your students to be in 

groups of no more then 5 (IE if you have 24 students, do you have at least 5 

computers)? 

 

 

12. Have your students used Microsoft Excel before? If so, how versed in Excel 

would you say they are? 



 

 191 

Appendix C: Pre-Lesson Teacher Interview Questions 
 
After reviewing the lesson, do you see any areas that would make the lesson 
impossible or difficult to present in your classroom? 
 
If so, what would you need to change in the lesson to ensure it can be completed by 
your students? 
 
What are some aspects that you like about the lesson? What are some areas you do 
not like? 
 
Do you think the visuals are helpful or distracting? 
 
Was the language difficult to understand? 
 
Are there any sections of the lesson you would want to skip outright? 
 
What is a manageable data size for your students? 
 
What learning objectives and standards would you like to meet with this lesson? 
 
Are these topics you would have covered in your class even without this lesson? 
 
Do you think your students will understand the analogies presented? 
 
Do you think your students will be able to read and understand the plots presented? 
 
Will your students be able to do the math presented in the lesson? 
 
Are there any questions you perceive your students asking? 
 
Were you able to download the data from NASA? 
 
Did the step-by-step instructions make sense?  
 
Do you think your students will follow the video tutorial or the written instructions? 
 
Will your students be able to use Excel to do everything needed in the lesson? 
 
When you did the lesson, did your final color-color plot look like the one presented 
in the lesson? 
 
When you did the lesson, did your spectral energy distribution plots look like the 
ones in the lesson?
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What lesson will you be teaching before this one?  
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Appendix D: Post-Lesson Teacher Interview Questions 
 
Are there any parts you think your students found more difficult than you thought 
they would? 
 
Should there have been more or fewer graphics? 
 
Is there anything about this lesson you would change now that you have completed 
it? 
 
Were the instructions easy to follow? 
 
What would you do to transition into and out of this lab? 
 
What lesson will you be teaching after this one?  
 
Do you believe your students met standards with this lesson? 
 
Would you use this lesson again? Why or why not? If not, would some changes get 
you to use the lesson again? 
 
Would you work with local amateur astronomers to create more lessons? 
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Appendix E: Student Consent Form for Recording of Classroom Lesson 

ABOUT THIS STUDY 
The purpose of this study is to explore middle school teachers’ and scientists’ 
partnerships. As part of this study, your child’s teacher will be video-recorded while 
teaching an astronomy lesson in your child’s classroom.  As a participant, your child 
and other students in his/her classroom may be incidentally video-recorded while 
talking to the teacher. Your child’s grade will NOT BE AFFECTED by this study, nor 
will any information concerning his/her personal or group performance be released 
to the instructor or other classmates. 
 
RISKS 
There are no foreseeable risks associated with your child’s participation in this 
study. 
 
BENEFITS 
Knowing how to prepare middle school teachers and scientists to better work 
together effectively will lead to science lessons that are better designed. There will 
be no monetary compensation for your child’s participation in this study. 
 
CONFIDENTIALITY 
Measures will be taken to preserve confidentiality.  First, video-recordings will be 
made from the back of the classroom in order to avoid recording your child’s face. 
Furthermore, your child will be assigned a pseudonym on all works and no 
information concerning his/her identity will be included in reports or videotapes.  
And, all videotapes and questionnaires will be destroyed once the study is 
completed. 
 
CONTACT 
If you have any questions at any time about the study or the procedures, you may 
contact the primary researcher, Paul Mayeur, at paulmayeur@gmail.com or his 
faculty advisor, Doug Whittet, at whittd@rpi.edu, at the Rensselaer Polytechnic 
Institute. 
 
You have been informed about this study’s purpose, procedures, possible 
benefits and risks and you have received a copy of this form. You voluntarily 
agree to participate in this study.   
 
 
________________________________________                      __________________ 
Parent’s Signature            Date  
 
________________________________________           
Parent’s Printed Name                                         
 

  

mailto:emailseema@gmail.com
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Appendix F: IRB Forms 
 

Institutional Review Board 
Rensselaer Polytechnic Institute 

 

 
Guidelines for Proposal Submission 

 
 Please submit an electronic copy of the application to irb@rpi.edu. Your 

proposal should not exceed five (5) pages. 
 If the proposal is from a student, the proposal must include a memo from the 

research adviser which indicates that he/she has read and approved the 
proposal. 

 Students can be used in classroom research as long as participation is voluntary, 
would not affect the student’s grade (+ or -), and anonymity is guaranteed. The 
students cannot be in the research professor’s class for research studies, in order 
to eliminate any indirect coercion. A statement to that effect should be included 
in the proposal.  

 Informed consent form should be written at the 8th grade reading level (lower 
level if for children) and be available in the participant’s native language.  

 The consent form should also include contact information for the researcher, 
student adviser if applicable, and the IRB Chair. 
Rensselaer Polytechnic Institute, 110 8th St., Troy NY 12180; kalshm@rpi.edu  

 If you foresee any complications and would like help preparing this proposal for 
IRB review, please email irb@rpi.edu to be put in touch with an IRB member. 

 

 
Title of Proposal:  
How do middle school teachers and scientists work together when creating inquiry 
based science lessons?   
 
Researcher:   
Paul Mayeur        
 
Department:  
Department of Physics, Applied Physics, and Astronomy 
Rensselaer Polytechnic Institute  
 
Campus Address:  
330 Congress St. 
Troy, NY 12180 
 
Email: 
mayeup2@rpi.edu  
 

mailto:irb@rpi.edu
mailto:kalshm@rpi.edu
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Phone: 
318-880-3878  
 
Research Adviser: Douglas Whittet, Ph.D.  
Attach letter of support from Adviser if applicable. 
 
Is this proposal related to a sponsored project?   Yes   No   

If yes, please indicate:  Existing Award – Fund #________________________ 
     
       New Proposal 
 
 
All investigators on this project, including faculty supervisors, must complete 
the self-study course on protection of human research subjects. All post-docs, 
graduate students, and undergraduates supported on NSF-funded projects are 
required to take the appropriate Responsible Conduct of Research (RCR) 
course for their discipline.  
For more information, please visit the IRB website for IRB Training Requirements. 
 
Electronic Certification (add additional lines if required): 
By entering my name below, I certify that I have completed the course:  
  
Name  Date Completed 
_____Paul Mayeur_____________ _____________  
_____Alan Oliveira_____________ _____________  
_________________________________ _____________  
 
Objective:  
The main objective of this study is to explore middle school teachers’ and scientists’ 
partnerships and to see if inquiry astronomy can be taught in middle school. 
 
Methods:  
Five to seven middle school teachers are anticipated to participate in this study.  I 
will conduct one-on-one interviews, administer surveys and observe in-class 
lessons. With consent, I will audio-tape interviews and video-tape observations.     
 
Effects on Subjects:  
There are no known possible discomforts and risks associated with this study at this 
time.  If you wish to discuss the information above or any other risks you may 
experience, you may ask any questions now or call the Principal Investigator listed 
on the front page of this form.   
 
Measures to Minimize Risk:  
There are no foreseeable risks associated with your child’s participation in this 
study. 

http://www.rpi.edu/research/office/irb/training.html
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Likelihood of Harm:  
There is no likelihood of harm 
 
Documentation of Risks:  
There are no foreseeable risks associated with your child’s participation in this 
study. 
 
Benefits to Participants: 
While there are no direct benefits, the indirect benefits are apparent.  Specifically, 
teachers will learn of current research in astronomy and how to use that knowledge 
in their classroom.   
 
Alternate Method Not Using Human Subjects: 
There are no alternate methods not involving humans. 

Qualifications of Researcher:  
The researcher is a Ph.D. candidate in Astrobiology with extensive background in 
astrophysics research. Further, the researcher has taken classes in education 
research and has worked closely with educators in the classroom and on special 
projects. The researcher has also received the Walter Eppstein award for 
outstanding work as a teaching assistant.  

Recruiting of Subjects:  
Middle school teachers will be invited to participate in the study by a call placed 
through the Capital Area School Development Association (CASDA) office at SUNY-
University at Albany. The study will aim to recruit anywhere from five to seven 
teachers with at least ten years of experience teaching science to middle school 
students.  
 
Confidentiality:  
Measures will be taken to preserve confidentiality.  First, video-recordings will be 
made from the back of the classroom in order to avoid recording your child’s face. 
Furthermore, your child will be assigned a pseudonym on all works and no 
information concerning his/her identity will be included in reports or videotapes.  
And, all videotapes and questionnaires will be destroyed once the study is 
completed. 

 
 

Attach a copy of any questionnaires you plan to use. 
Attach appropriate Informed Consent form. 
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Signatures: 
As a representative of this study, I have explained the purpose, the 
procedures, the benefits and the risks that are involved in this research study: 
 
Paul Mayeur____________________________________________________________ 
Signature and printed name of person obtaining consent and date 
 
 
You have been informed about this study’s purpose, procedures, possible 
benefits and risks and you have received a copy of this form.  You have been 
given the opportunity to ask any questions before you sign and you have been 
told you can ask other questions at any time.  Your voluntarily agree to 
participate in this study.  By signing this form, you are not waiving any of your 
legal rights. 
 
 
_______________________________________________________________________ 
Printed Name of Participant                                                                                    Date 
 
 
_______________________________________________________________________ 
Signature of Participant                                                                                             Date 
 
 
_______________________________________________________________________ 
Signature of Principal Investigator                                                                         Date 
 
 
Consent to be Audio taped and Video-Recorded: 
 
I hereby give permission for the interview conducted by Paul Mayeur and the lesson 
presented by me to be audiotaped and video-recorded, respectively.  I understand 
that both these audiotapes and videotapes will be used for educational purposes, 
analysis and that only the principal investigator will have access to them.  The tapes 
will be kept for five years beyond non-use and will be stored in a locked cabinet in 
the home of the investigator.   
 
_______________________________________________________________________ 
Signature of Participant                                                                                             Date 
 
_______________________________________________________________________ 
Signature of Principal Investigator                                                                            Date 
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Institutional Review Board 
Rensselaer Polytechnic Institute 

 
Informed Consent Form 

(Student Researcher) 
 
I understand that Paul Mayeur is a graduate student research assistant who wishes 
to interview me as part of the research project on inquiry education that he is 
working on with Professor Whittet of the Physics, Applied Physics, and Astronomy 
Department at Rensselaer Polytechnic Institute.  I understand that he will be making 
his best possible effort to guarantee me every possible protection, including the 
following: 
 
1.  I am under no obligation to be interviewed if I do not wish to do so. 
 
2.  I am not obligated to answer any of the questions.  I may decline to answer any or 
all of the questions, and I may terminate the interview at any point. 
 
3.  If there is anything that I do not wish to have quoted, I may say at any point 
during or after the interview say what I wish to have kept “off the record,” and it will 
not be quoted. 
 
4.  I understand that if Paul Mayeur decides to use any portions of this interview in 
subsequent publications, that he will send me a copy of the portions of the 
interview, including any quotations and paraphrases that Paul Mayeur decides to 
use, for my editing and written approval.  I will have the right to edit the material 
and I will receive a copy of the final publication. Paul Mayeur will only use the 
material that I have approved. 
 
5.  I understand that I may choose to remain anonymous or have my name revealed.  
I may also change my mind at any point up to and including the review of any 
quotations and paraphrases that might be used (check one): 

_____  I choose to remain anonymous. 
_____  I choose to reveal my name. 
 

6.  Based on reading this form (check one): 
  _____ I agree to be interviewed. 
  _____ I do not agree to be interviewed. 
 
_____________________ _________________________________ ____________ 
Name of Participant  Signature     Date 
 
For further information contact: 
Paul Mayeur 
330 Congress St. 
Troy, NY 12180 
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318-880-3878 
mayeup2@rpi.edu 
OR 
Doug Whittet 
Department of Physics, Applied Physics, and Astronomy 
100 Eight St 
Troy, NY 12180 
518-276-8413 
whittd@rpi.edu 
 
Chair, Institutional Review Board, Rensselaer Polytechnic Institute, CII 7015, 110 8th 
Street, Troy, New York, 12180; phone: (518) 276-4873, fax: (518) 276-4002. 
 
 
  

mailto:mayeup2@rpi.edu
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Appendix G: Initial Lesson before Teacher Meetings 
 
Learning Objectives 

 Students will learn about the different wavelengths of the electromagnetic 
spectrum. 

 Students will learn what it means for a star to have color. 
 Students will learn about the connection between temperature and color. 
 Students will learn about infrared light and how it was discovered.  
 Students will use NASA data and excel to create plots.  
 Students will use plots to draw conclusions about data. 
 Students will learn how star brightness is measured. 
 Students will learn about stellar evolution, from how new stars are formed to 

what happens at the end of a star’s life. 
 
New York State Standards Met 

 The central purpose of scientific inquiry is to develop explanations of natural 
phenomena in a continuing, creative process. 

 Beyond the use of reasoning and consensus, scientific inquiry involves the 
testing of proposed explanations involving the use of conventional 
techniques and procedures and usually requiring considerable ingenuity. 

 The observations made while testing proposed explanations, when analyzed 
using conventional and invented methods, provide new insights into 
phenomena. 

 Information technology is used to retrieve, process, and communicate 
information as a tool to enhance learning. 

 Knowledge of the impacts and limitations of information systems is essential 
to its effective and ethical use. 

 Information technology can have positive and negative impacts on society, 
depending upon how it is used. 

 Models are simplified representations of objects, structures, or systems used 
in analysis, explanation, interpretation, or design. 

 
Grades 5-8 

 Use spreadsheets and database software to collect, process, display, and 
analyze information. Students access needed information from electronic 
databases and on-line telecommunication services. 

    Collect data from probes to measure events and phenomena. 
  Collect the data, using the appropriate, available tool  
  Organize the data  
  Use the collected data to communicate a scientific concept 

 Use simple modeling programs to make predictions. 
    Understand the need to question the accuracy of information displayed on a 

computer because the results produced by a computer may be affected by 
incorrect data entry.  

  Critically analyze data to exclude erroneous information  
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  Identify and explain sources of error in a data collection 
    Identify advantages and limitations of data-handling programs and graphics 

programs. 
 Understand why electronically stored personal information has greater 

potential for misuse than records kept in conventional form. 
 Use powers of ten notations to represent very small and very large numbers. 
 Different forms of electromagnetic energy have different wavelengths. Some 

examples of electromagnetic energy are microwaves, infrared light, visible 
light, ultraviolet light, X-rays, and gamma rays. 

 
 
Grades 9-12 
Earth Science 

 Stars form when gravity causes clouds of molecules to contract until nuclear 
fusion of light elements into heavier ones occurs. Fusion releases great 
amounts of energy over millions of years. 

 The stars differ from each other in size, temperature, and age. 
 

Physical Science 
 Angular momentum is conserved in a closed system. 

  



 

 203 

Using NASA Data to Discover New Stars 
  
How are new stars formed? 
 

Students often learn about the life cycle of a star, but rarely do we hear how 
new stars are formed. We only discuss what happens to a star after it has already 
been created.  

One job of research astronomers is to look for new stars being born. Looking 
in areas of the sky where scientists predict new stars may form will help scientists 
accomplish this goal. How do stars form? Stars are born when an interstellar cloud 
undergoes gravitational collapse. What does this mean? This dust is very small 
particles like smoke from a fire.  As the cloud shrinks in size, its rotation causes it to 
flatten into a disk. Imagine an ice skater spinning around. As they bring their arms in 
they spend faster. The center of the disk becomes the star; the outer parts of the 
disk may form planets. 

 

 
Image by Mark McCaughrean at the Astrophysikalisches Institut Potsdam 

 
Stars form in "stellar nurseries."  These nurseries are places of interstellar dust that 
given a small nudge will begin to collapse or falling in on itself.  
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This causes higher and higher pressure as the dust collapses. After enough 
pressure nuclear fusion begins. In nuclear fusion, hydrogen atoms combine together 
to make helium atoms. To better understand this, clasp your hands together like in 
the image below. 
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As you squeeze your hands together you will notice an increase in pressure. 
This is similar to what is happening inside of stars.  

So now that we know HOW new stars are formed, how do we begin to look 
for new stars?  
 
Finding New Stars 
 

Light comes in many different forms. Your eyes only see one form of light, 
what we call "visible" or "optical" light. 

 

 
Image from NASA 
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Here is a picture of our galaxy in many different forms of light. 
 

 
Image from NASA 

 
Astronomers use the infrared portion of light to look for new stars. Infrared 

allows astronomers to look at "cooler" parts of the sky. Infrared light is similar to 
"heat vision" 
 
Color vs. Temperature: Wien's Law 
 

We know from experience that objects tend to change color when heated, e.g. 
a metal rod glows red if left in a fire. Color and temperature are related. 
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Molten iron (left) and burning magnesium ribbon (right).  Which do you 
think is hotter? 

 
The graph below plots intensity against wavelength for blackbody spectra at 

different temperature. Note that the position of the peak (or max) shifts to longer 
wavelengths (right) for lower temperatures.  

 

 
Retrieved from https://upload.wikimedia.org/wikipedia/commons/a/a2/Wiens_law.svg 
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This shift is described mathematically by Wien’s law: 
 

 

 
 

Scientists use Kelvin as another way to measure temperature similar to 
Fahrenheit and Celsius. Also, that funny looking "m" is the Greek letter mu and 
means micro. This is equivalent to .000001 meters.  
 

 
 

According to the image above, what emits the most energy at lower 
wavelengths? Hot or cold objects? 
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 It is even possible to distinguish color (and therefore temperature) with the 
naked eye for bright stars such as those in the constellation Orion shown below. 
 

 
 

Now let’s try some examples. Below is a list of temperatures. Using the 
equation above, at what wavelength is the object the brightest? 
 
The Sun (T=6000K) 
 
You (T=300K) 
 
Pluto (T=60K) 
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Below are two images. Top is an image of the Milky Way galaxy in visible light and 
bottom is the Milky Way in infrared. 
 

 
 

 
Images from NASA 

 
You may notice that the dark dust lane that bisects the Milky Way in the 

visible image is bright in the infrared, which implies dust is cool! The blue S-shaped 
band in the infrared image is actually interplanetary dust in our solar system, which 
is warmer than interstellar dust. 
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The Discovery of Infrared Light 
 

 
Image from NASA CoolCosmos, IPAC, and CalTech 

 
British astronomer William Herschel is credited with the discovery of 

infrared radiation in 1800. He was trying to measure the “temperature of light” in 
the colors of the solar spectrum. He found that the highest readings were obtained 
when the thermometer was placed beyond the reddest visible light in the spectrum. 
 

Yellow is “hotter” than blue; infrared is “hotter” than yellow. 
 

Is it surprising that yellow is not the hottest color, given that the Sun is a 
yellow star? 
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The explanation arises from the fact that Herschel used a prism to create his 
solar spectrum. Because the prism is made of glass the spectrum is more 
“concentrated” toward the red/infrared. 
 

 
Image from NASA CoolCosmos, IPAC, and CalTech 

 
Herschel’s thermometers were heated by what we now refer to as “near 

infrared” radiation, wavelengths just beyond the red part of the visible spectrum. 
The entire infrared spectrum extends from the visible out to the microwave region.  

 

 
Image from NASA CoolCosmos, IPAC, and CalTech 

 
Since astronomers need infrared light to find new stars they design and build 

telescope to help them study infrared light. Greenhouse gases such as H2O, CO2 and 
CH4 in the Earth’s atmosphere block some infrared wavelengths, whilst others fall in 
relatively transparent “windows.” Think about a wall in your house with a window. 
Light from the Sun does not shine through the wall, but it does shine through the 
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window. Different wavelengths of light can pass through different materials. In the 
graph below, a ground-based telescope can observe those wavelengths where the 
transmittance is high (>60%). 
 
 

 
Image http://www.wikipremed.com/image_archive.php?code=010501 

 
According to the above plot, which gasses could you see from Earth? Which 

could you not see from Earth? 
Because infrared can be blocked by the Earth's atmosphere we select areas 

that are above as much of Earth's atmosphere as possible to observe infrared light. 
This includes high in mountains, in airplanes flying over the Earth, or on satellites in 
space. 
 
Three types of IR observatory  
 

  
Spitzer (an infrared space telescope). Image from NASA 
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Stratospheric Observatory for Infrared Astronomy (SOFIA), carried by a Boeing 747 
(cruising altitude ~ 40,000 ft.) Image from NASA. 
 

 
A high-altitude ground-based observatory (Paranal, Chile, altitude 8,500 ft.) Image 
from NASA. 
 

 
Images of the Orion constellation in our own Milky Way. 

 
 Orion is a stellar nursery where new stars are being born. Much of this 

activity is hidden from optical telescopes (left) by shrouds of dust that absorb the 
visible light. In so doing, they are warmed and therefore emit in the infrared (right). 
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The area around some young Sun-like stars can be seen on these Hubble 
Space Telescope images in silhouette against the background glow of the Orion 
Nebula. 

 

 
 

Now that we have an understanding how astronomers find new stars, and 
what infrared light is. Let’s become scientists ourselves and use some data from 
recent NASA missions to look for new stars.  
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Downloading Data  
 

1. Visit: 
http://irsa.ipac.caltech.edu/applications/Gator/">http://irsa.ipac.caltech.ed
u/applications/Gator/ 

2. Click button: WISE ( Wide-Field Infrared Survey Explorer) 
3. Click Select  
4. Click button: WISE Preliminary Release Source Catalog  
5. Click Select  
6. In "Coordinate or Object Name" type: 16h 28m 06s -24d 32.5m  
7. click "Cone:" 10 arcmin  
8. Scroll down and make sure the following options (and only these options) 

are checked ra, dec, w1mpro, w1sigmpro, w2mpro, w2sigmpro, w3mpro, 
w3sigmpro, j_m_2mass, j_msig_2mass, h_m_2mass, h_msig_2mass, 
k_m_2mass, k_msig_2mass  

9. click Run Query  
10. To the right of the green numbered circles it should say "404 sources found"  
11. scroll down and click "download table" and save the .tbl file to a place you 

will remember  
 

Importing Data into Excel 
 

1. open Excel (or another spreadsheet program, but these instructions will be 
for Excel)  

2. click file -> open click "all files" and browse to the .tbl you downloaded. 
Double click to open.  

3. A window will come up asking you how to import. Click "Delimited" and 
change "Start import at row" to 49, then next 

4. click space and other and put | (shift and above the enter key) in the other 
spot. Make sure "treat consecutive delimiters as one is checked.  

5. click finish  
6. after loading you will need to delete the 1st column. We also will not be 

needing column O (dist) or column P (angle). Next delete rows 2, 3, and 4. 
7. Now we need to remove all "bad data"  
8. You want to delete all rows that have a "null" in any column. This can be done 

by sorting each column by "descending" and then deleting the top rows that 
have a "null." To sort, click the column at the top so the entire column is 
highlighted then click the button with the A, Z, and down error on it. Anytime 
you sort make sure the button "Expand the Selection" is click so that all of the 
columns move together. After the rows with at least one "null" are removed 
you should have 100 rows. Row1 will be header information and 99 rows of 
data. 

9. Finally you want to order the columns as follows: ra, dec, j_m_2mass, 
j_msig_2mass, h_m_2mass, h_msig_2mass, k_m_2mass, k_msig_2mass, 
w1mpro, w1sigmpro, w2mpro, w2sigmpro, w3mpro, w3sigmpro  

 

http://irsa.ipac.caltech.edu/applications/Gator/%22%3ehttp:/irsa.ipac.caltech.edu/applications/Gator/
http://irsa.ipac.caltech.edu/applications/Gator/%22%3ehttp:/irsa.ipac.caltech.edu/applications/Gator/
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What does each column mean? Sure we have real data from NASA but what is 
the data telling us? Each column is a specific wavelength. A telescope will look at a 
star at that specific wavelength and measure how much light (or energy) it is 
getting. For example, our eyes see from 400 nanometers to 800 nanometers. That is 
purple to red (ROYGBIV, colors of the rainbow). Imagine if we could control our eye 
to only see red or to only seed blue. That is what the telescope does. It only focuses 
on one specific color at a time. Those colors are the columns: J, H, K, W1, W2, and 
W3.  

The other columns are the errors. When the telescope makes a measurement 
there is a small error. If I asked you and nine of your friends to measure a line on a 
piece of paper with a ruler you may get different answers. Does that mean that 
anyone is wrong? No, it means that measuring something exactly is very difficult; 
therefore each measurement has a small error. The error columns contain "sig." 
 

The data we have just downloaded tells us how much energy we are getting 
in magnitude units. We also need to know how much energy we are getting in flux 
units. Luckily, we can figure out our flux from our magnitude. 
 
The Stellar Magnitude System 
 

Early astronomers devised a “ranking” system for stars based on their 
apparent brightness to the naked eye: 

Brightest stars --> first rank 
Next brightest --> second rank, etc. 

Dimmest stars visible (without a telescope) --> sixth rank 
 

The limit of the unaided human eye in very dark skies is stars of magnitude 6. 
The modern magnitude system is a mathematical formulation based on the ancient 
ranking system.  
 
Remember: Bright stars have a small magnitude and dim stars have a large 
magnitude! 
 
The modern definition of magnitude 
 

For a star of intensity I, the corresponding magnitude is: 
m = constant*-2.5*log(I) 

“Intensity” is equivalent to the number of photons per second that we receive from 
the star (this can be measured electronically). The value of the constant is chosen so 
that m roughly matches the old ranking system. Below is a list of stars with their 
magnitudes. 
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Magnitude differences 
 

If we compare two stars that have intensity I1 and I2, the corresponding 
magnitude difference is 

m2 – m1 = 2.5 log (I1/I2) 
 
Example 

Sirius, the brightest star (m = -1.4), is 7.5 magnitudes brighter than the 
faintest star detectable with the unaided eye (m = 6.1).  A simple calculation shows 
that they differ in relative brightness (intensity) by a factor of a thousand. 

The eye has properties that enable it to adapt to a wide range of intensities 
(iris expansion and contraction; changes in retina sensitivity).  It is effectively a 
“logarithmic” device in keeping with the logarithmic magnitude scale. 
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Image from Sky and Telescope Magazine 

 
This schematic illustrates the vast brightness range of objects in the sky, 

from the Sun (m=-26) to the faintest galaxies at the edge of the observable Universe 
(m=30). The intensity ratio corresponding to this magnitude range is 2.5 x 1022. The 
apparent magnitude system allows us to place everything on one (logarithmic) 
scale. 
 
Now that we better understand magnitude versus intensity we must convert our 
data from magnitudes to intensity. 
 
Converting Data  
 

1. Rename each column as follows: ra, dec, J(1.25), 1.25_error, H(1.65), 
1.65_error, K(2.17), 2.17_error, 3.4, 3.4_error, 4.6, 4.6_error, 12, 12_error. 
These numbers or the corresponding wavelength for each magnitude 
measurement. J, H, and K are astronomy terms for near infrared wavelengths. 

2. Magnitudes and error are currently in mag units. We need to convert them to 
flux units. 
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3. To do this insert a column after each non-error column (1.25, 1.65, 2.17, etc.) 
4. Now you must use the equation F=F0*10(-M/2.5)*106 ,where M is the 

magnitude and F0 is a constant. F0 is 1594, 1024, 666.7, 309.54, 171.787, and 
31.674 respectively  

5. The proper equation, once typed in the topped of each column, may be 
copied and pasted down the column to complete the conversion for each 
source. 

6. We now have flux in microJanskys 
 
For example, if we have a star with magnitude 10 in the J column, what would its 
flux in the J column be? 
1594*1 0-10/2.5*106 = 1594*10-4*106 = 1594*102= 1594*100 = 159400 
 
Star Colors 
 

So far, we’ve considered stellar magnitudes measured in the same part of the 
spectrum, such as “visual” (defined by the properties of the eye). However, it is often 
desirable to determine magnitudes in different parts of the spectrum – this is done 
by observing through filters that transmit a limited range of wavelengths. Think of it 
as walls in your house. Some walls only let light that is yellow through, but others 
only let in light that is blue. That would be weird, but in astronomy we do that all the 
time with filters. 
 
The “color index” of a star is defined: 

mB – mV = 2.5 log (IV/IB) 
Similarly, we can have color indices for other pairs of filters, such as U and B, or U 
and V. 
Note:  The color index of a “colorless” (i.e. white) star is zero. The color index is 
negative for blue and positive for yellow to red. 
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The relation between color index and temperature, assume stars to have 
“blackbody” spectra. 
 

 
 
 
Creating Color-Color Plots  
 

1. Now we must determine which points are outliers and possible young stellar 
objects (YSO) or "new stars" 
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2. To this we need to make color-color diagram.  
3. Create new columns called J-H, H-K, H-3.4, H-4.6, and H-12 
4. The J-H column should subtract the magnitudes at 1.65 from 1.25. H-K should 

subtract the magnitude at 2.17 from 1.65. H-3.4 should subtract the 
magnitude at 3.4 from 1.65. H-4.6 should subtract the magnitude at 4.6 from 
1.65. H-12 should subtract the magnitude at 12 from 1.65.  

5. Once you type in the equation for each, you may click and drag to copy the 
formula. 

6. Now we must plot all points on a plot of J-H vs. H-K, J-H vs. H-3.4, J-H vs. H-
4.6, and J-H vs. H-12.  

7. The x-axis should be H-K, H-3.6, H-4.5, or H-12 and the y-axis should be J-H. 
The plot should be a scatter plot with no connecting lines. You should have 4 
plots total. 

 
 
Now we want to create some Spectral Energy Distribution (SED) plots. This is 

a plot of wavelength versus flux; they are used in astronomy to help astronomers 
characterize a star. By looking at an SED scientists can tell many things about a star, 
such as temperature (remember black body curves and temperature earlier?). 
 
Creating Spectral Energy Distributions (SEDs) 
 

1. Create a new tab in Excel called "SEDs" 
2. Create a column called "wavelength" with the following values: 1.25, 1.65, 

2.17, 3.4, 4.6, 12 
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3. In the column next to wavelength put "flux" and the values will be the flux 
values from our sources on the previous tab at those wavelengths 

4. Now we must figure out which source we would like to see a SED of. Look at 
your color-color plot (J-H vs. H-4.6 works best) and find a source that seems 
to be an "outlier," that is it doesn't seem to be on the upward slope trend 

5. For this example I used the point (4.2, 1.751). That means that H-4.5 is 4.2 
and J-H is 1.751 

6. You can find these by hovering over the point in the plot. You should then 
write down the values, then find the value in the spreadsheet. Once you find 
the value in the spreadsheet I recommend highlighting the row so it is easier 
to find again. 

7. Now look at your color-color plot for a source that seems part of the "norm," 
that is it fits in nicely with many other points. 

8. For this example I used the point (2.163, 2.166). That means that H-4.5 is 
2.163 and J-H is 2.166. Again find this row in the spreadsheet and highlight it 
for easy finding later. 

9. Now we need to plot the values at each wavelength. In the new tab you 
created, copy over the value we have for "flux" to the proper wavelength. 

10. Now we must plot these with flux on the y-axis and our wavelengths on the x-
axis 

11. I like to do a "smooth marked scatter" plot 
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Discussion: 
 

1. What differences can you see between the plots we called an outlier and the 
one we called normal? 

2. Looking back on the information presented (think cooler objects have more 
energy at longer wavelengths) what do you think the reasoning for the 
difference in the plots are? 

3. Which of the two plotted do you think is a new star? Why? 
 

The fourth and fifth points are higher in the "outlier" and this is caused by 
the disk (or shell) of dust surrounding a newly forming star. The "normal" plot has 
lower fourth and fifth points as it is an old star far behind the dust cloud that is 
shining through. 
The Hertzsprung-Russell Diagram 
 

 
Image from http://www.le.ac.uk/ph/faulkes/web/stars/o_st_overview.html 

 
The HR diagram is one of the most important in astronomy as it is a valuable 

tool for studying stellar evolution. It’s a plot of luminosity (or absolute magnitude) 
against temperature (or color index).  Remember when we created a color-color 
diagram? Note the basic features of the schematic HR diagram shown: stars are 
separated into different groups that represent different stages of their evolution.  
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Image from Hipparcos’s 

 
This plot shows an HR diagram with real data: each point is for a star that 

was observed by the Hipparcos satellite. Note how densely populated the main 
sequence is (this is where stars spend most of their lives; the Sun is about halfway 
through its main-sequence lifetime, which will last about 10 billion years). Note also 
that there are very few supergiants in the plot (only the most massive stars become 
supergiants) and also very few white dwarfs (not because they are rare but because 
they are very dim and therefore hard to detect). 
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Appendix H: Teacher Pre- and Post-Interview Transcripts 
 

Teacher Alfa 
 

Pre-Lesson Interview 
 

Paul: My name is Paul and I am here with Teacher Alfa. What grade level do you 
teach? 
 
Teacher: I teach 7th and 8th grade. 
 
Paul: After reviewing the lesson did you see any areas that would be impossible for 
your students are overly difficult? 
 
Teacher: I think I just teach a lot of general information and a lot of the lesson was 
more in depth then I would normally do and that is why I think it would be good for 
my class of advanced students. 
 
Paul: These students that you speak of, are they an after school group or are they a 
normal class of advanced students? 
 
Teacher: It is a 7th grade class that instead of taking all life science in the 7th grade 
and all physical science in the 8th grade they are taking both life science and physical 
science in the 7th grade so that they can take 9th grade living environment in the 8th 
grade.  
 
Paul: Were there any major changes you would make to the website or the lesson. 
 
Teacher: Nothing major. It looked like a lesson I could teach to my advanced 
students given enough time. 
 
Paul: Would you be interested in teaching one part or would you be interested in 
teaching the entire lesson over a couple class periods? 
 
Teacher: How long do you think each part would take? 
 
Paul: I tried my best to design each section to take an hour. However, some students 
have done the lesson in as little as 30 minutes and others have needed more time.  It 
depends mostly on your students’ familiarity with Excel.  
 
Teacher: For my advanced students we are having them do their own authentic 
research. They will be competing at RPI in the greater capital region science fair and 
that is in March. I hope that by then they will be good at Excel and I believe that this 
project is a good introduction to both authentic research and a great lesson in 
teaching my students Excel. 
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Paul: Did you think the visuals in the lesson were helpful, harmful, or distracting? 
 
Teacher: I enjoyed them. In astronomy I use a lot of photos in other areas of science 
I try to use images that make the lesson relevant to the students’ life. 
 
Paul: What about the language, was the wording to difficult? 
 
Teacher: It might be difficult for some of them. 
 
Paul: Were there any sections of the lesson you think you would want to skip. 
 
Teacher: I haven’t looked at the lesson in a while and I would have to look at them 
again, but I believe that my students would be able to do all the sections. 
 
Paul: What would you consider a manageable data size for your students? 
 
Teacher: I believe my students could hand up to 25 data points. 
 
Paul: What learning objectives are standards would you like to meet with this 
lesson? 
 
Teacher: Well I would definitely love to bring in more of the common core literacy 
standards. They are new standards and I feel many teachers are looking for a way to 
include them in their classroom. 
 
Paul: Are these topics you would have covered in your class if you would not have 
had contact with me? 
 
Teacher: I talk about star color and star temperature, but just briefly. I also talk 
about star formation briefly. I don’t talk to them about infrared, but that is why I 
was excited when I first heard about this opportunity. It will allow me to go into 
more depth on these topics with my students. 
 
Paul: Do you think your students would understand the analogies presented and do 
you use analogies often in class? 
 
Teacher: I use them in my class often, yes. Some of my students are good with 
analogies and others are not. I try to include different methods of teaching in my 
lessons because different students learn differently.  
 
Paul: What about plots, how often do you use plots and are your students able to 
read plots and understand what the plot is telling them? 
 
Teacher: Again like the analogies I believe some of my students get plots quickly and 
easily; while, others have difficulty with it. That is the problem with creating 
lessons. It can be difficult to make one lesson that works well for all types of 
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learners. You can try and make everything relevant and sometimes you have to 
explain it multiple ways to ensure all the students get it. 
 
Paul: Do you use real data in your classroom?   
 
Teacher: I try to use real data as often as I can, but I find that lesson that are not 
created by me contain data that is pretty and works out. I want my students to 
understand real data isn’t like that because I expect them to do their own research 
project for the science fair and I don’t want them to be surprised when the data 
doesn’t work out perfectly. 
 
Paul: What about the math presented such as exponents and logarithms. Do you 
think your students will be able to do that math?  
 
Teacher: Exponents maybe, but I am not sure. Logarithms I don’t believe so. But I 
am not entirely sure as things that my advanced students may get, my 8th graders 
may not be able to get. But I feel we can work around the math if necessary to 
ensure that the proper content is taught. 
 
Paul: Can you think of any questions your students may ask during the lesson? 
 
Teacher: The astronomy unit is my biggest unit for questions. I get everything from 
“are there green headed Martians” to “black holes.” I am sure that if there is a 
question about astronomy my 8th graders will ask it. 
 
Paul: Were you able to go through the lesson? 
 
Teacher: I didn’t have time to try it. 
 
Paul: Where would you put this lesson in your curriculum? 
 
Teacher: When I teach astronomy I start big and go in. I start with the universe then 
galaxy, then stars, then planets. After astronomy I teach Earth science. I feel like this 
lesson will fit well with the stars/planets part as it discusses how stars and planets 
are formed.  
 
Paul: I know you plan on teaching this lesson in March, so if between now and then 
if you have a chance to go through the lesson and send me feedback I would 
appreciate it. Do you have any questions or concerns for me? 
 
Teacher: I am excited about the lesson. I think my students will enjoy using Excel 
and this is a perfect use of Excel and it will help me to teach them Excel. I feel if my 
students know Excel it will help them for the rest of their academic career. 
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Post-Lesson Interview 
 
Paul: I am here with Teacher Alfa. Were there any parts of the lesson that were more 
difficult then you thought they would be when we first met? 
 
Teacher: No I thought you explained things well and my students were able to 
understand and follow. The students are taking their test on astronomy tomorrow 
so they are in the astronomy zone right now. The information you presented were 
fresh in their mind.  
 
Paul: Do you feel comfortable doing this less on your own in future years? 
 
Teacher: Yes, I learned some new facts and also some new methods of teaching 
those facts to my students. I don’t know if I would do this exact lesson in the future, 
but this experience has definitely given me new insight. 
 
Paul: Do you often use Excel in your class? 
 
Teacher: I don’t use it for my normal students, but these are my advanced students 
and they often use Excel outside the class for their science fair projects. 
 
Paul: How would change the lesson so that it would become something you used 
every year? 
 
Teacher: I might take bits and pieces out. The problem is I don’t have a lot of time. 
For example, I had to do earthquakes and volcanoes in one day. In the real world I 
would spend three days teaching just those topics, but it just isn’t possible. I have to 
cover chemistry, physics, and Earth science in one school year. 
 
Paul: How could scientists make it easier on teachers and schools to continue 
forming these kinds of bonds? 
 
Teacher: Flexibility is a must. Also the lessons that are created must cover a wide 
range of topics. We can’t spend an entire day’s lesson on just one very specific topic. 
We are required to teach so many standards that all lessons really need to meet 
multiple standards. 
 
Paul: Where do you see this lesson going in your curriculum? 
 
Teacher: For astronomy I teach big to small, from the universe, to the galaxy, to 
stars, to the Sun, to Earth. SO I would put this lesson between galaxy and stars. It 
would be a good introduction to stars and how stars form. But I could also see this 
lesson as a good review lab after all of astronomy has been done.  
 
Paul: Do you think this lesson met enough standards? 
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Teacher: Yes, I was pleasantly surprised by that. I thought I would lose a day of 
teaching because of this lesson, but in fact it worked out well as a review and also 
met multiple good standards.  
 
Paul: Do you have any other suggestions or comments about our relationship and 
the lesson? 
 
Teacher: I am glad we met. The first time I saw the lesson it was way too 
complicated and I was really worried, but after seeing the lesson today it turned out 
great. I am glad I had you come in. 
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Teacher Bravo 
 

Pre-Lesson Interview 
 

Paul: This is Paul here with Teacher Bravo and we are going to start the pre-lesson 
interview. So, you have looked at the online lesson? 
 
Teacher: Yes 
 
Paul: And have you had the chance to attempt it or just look at it, like did you 
actually try the data? 
 
Teacher: I tried the data manipulation and ran into some little snags along the way 
and actually worries me a little bit because I work with kids who have Macs and PCs 
and different versions of Mac and PC software and that going from the raw data, 
finding the raw data, getting it into the spreadsheet in the form that you want is 
really valuable and is extremely time consuming if it has to be taught four different 
ways.  
 
Paul: Yes, ok so just off the top of your head do you think it would be too difficult to 
present in your classroom in the current form. 
 
Teacher: Too difficult? No. I don’t think so. 
 
Paul: So the difference between software is the only thing you see? But that is 
changeable.  
 
Teacher: Yeah. When I say not too difficult, I mean not conceptually difficult but 
again time consuming rather than difficult.  
 
Paul: Right. You are a private school teacher correct? 
 
Teacher: Yes 
 
Paul: How is time constraint in your classroom?  
 
Teacher: I am looking at this for my astronomy class. And in the second semester I 
teach a class of wave physics that I think this will probably be good to use with 
because of the infrared aspect. Have that application there. And that is a course 
where I could really use more lab work. So I don’t teach to a state curriculum I don’t 
have a specific number of things that I have to accomplish we try throughout the 
school to kind of make sure the students for the most part are exposed to a project 
2061 kind of curriculum. The next generation version that is coming out, but no it is 
not driven to do one thing, but the more realistic aspect of it is the energy the kids 
are going to have. How long will it go on before the kids get frustrated? Teaching is 
always striking that balance between what’s the scientific responsible thing to do 
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here and what is the educationally responsible thing to do. That kind of thing with 
the multiple platforms and multiple versions is where that gets tricky.  
 
Paul: So if I made you pick one thing you like the most, what would you say is the 
most interesting part of this lab? 
 
Teacher: So it would be using the real data. Letting the students apply methods they 
learned with other real data but not data about marbles going down inclines, instead 
about stars. And realizing that, it is a little complicated when you say the one thing, 
there is certainly access to the real data and manipulating the real data and getting a 
significant result out of it. But also they are getting from that the understanding that 
this data is out there and it is available. NASA is doing this amazing work of 
producing this stuff and putting it out there where anyone can get to it and this is 
something they can do on their own if they are so inclined. They know that this kind 
of avenue is available for research that they might want to do. I am very strong on 
encouraging original student research. So this is an avenue for that. 
 
Paul: Is there any aspect that you did not like? 
 
Teacher: As written it looks as though it is intended to be done by a student sitting 
at a computer and working his or her way through and I value the interaction aspect 
of education and having a teacher there that can answer questions when they come 
up and not questions that will just read further down the page and get but when the 
student makes a connection with this thing that they just read. Or they want to know 
there is infrared here is there any connection with ultrasound. I want to be able to 
nudge them in the direction to find that out on their own. I find there is a lot of value 
in that. So as presented it is not a strong inquiry based, it is not as free form as the 
students do not have a lot of decisions to make. You get to some point and you say 
pick two points and run this analysis and compare. And yeah there they are making 
decisions but up to that point a lot of it is, here is a piece of information, here is a 
piece of information, now download this and do this. 
 
Paul: So would you like if it is possible to add more decisions for the students to 
make? 
 
Teacher: Yeah and if it was a little more free forming, if the student had a little more 
input on the direction of it. And the downside of that and it is something I am very 
fortunate to be able to do here is it means you do not necessarily go where you 
intended to go.  
 
Paul: Right, but that is science. I think that is the beauty of something like this is that 
students can see and understand how real science works. In science you may not 
know your end destination you just know you are going to get somewhere. What 
about the website aspect of the lesson? Did you find that helpful, harmful, or not a 
big deal? Do you think it could be done without the website? 
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Teacher: It could be done without the website, but I think seeing it become more 
interactive; open to students to take the direction they want. Because I think if 
students sit down and see at the bottom of every page it says “ready for next page 
click here.” Then they are going to fall in that mindset of being an obedient student 
and click and move on. But if it were a little broader, well not broader. That is the 
difficulty with that. It would be better to have it presented in a way that they could 
go off in multiple directions if that is what seemed interesting and that is what a 
dynamic classroom should be. I think a classroom should be student directed by 
student questions and as written in this form that is more difficult, but if this is to 
support learning then that’s not necessarily the case I could at any time break and 
follow those tangents. And really in knowing that you are to come to watch it be 
taught and to not make you drive ninety minutes multiple times for that. There is 
more of an impedance to make sure that happens.  
 
Paul: I don’t have to be here every time. It would be nice to be, but it is not 
something you need to worry about.  
 
Teacher: Well with the schedule we have, every other session is four hours, it is 
entirely possible. 
 
Paul: One four sitting is something that this can be done in. Did you notice that the 
website was designed in such a way that there were separate sections? So maybe 
you didn’t want to teach the first section, or you didn’t want to teach the last section. 
I tried to make it for teachers to be as flexible as possible. Some teachers only have 
thirty minutes once a week and so I was trying to do that flexibility. 
 
Teacher: I didn’t think about that time for each chunk. 
 
Paul: I was hoping a teacher could say. “I could do this background two weeks 
earlier on the infrared or Herschel’s experiment and then not have to do it the day of 
so we could skip that section. That was the idea. We will see how it works out. Did 
you think the visuals were helpful? If it would help to bring up the site on your 
computer you are welcome to do that.  
 
Teacher: For the most part. 
 
Paul: Or were they distracting? 
 
Teacher: Well not distracting there were a couple points like with the Wein’s law. 
Like here, I like to have my students think about units, so this they can probably… 
like if I was just going to present this I would ask them to describe the chart and ask 
them what it is showing you. My hope is that they, the ones that have been with me a 
while or have had other courses with me anyway, would think to say the horizontal 
axis is wavelength and it is nanometers. I am fine with that, the vertical axis; the text 
says intensity and the units on it are energy over area and how does that make 
sense and be able to work that out and process of discover there. And think about 
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the different curves that are there and recognize what they are showing. But then 
there are some unit inconsistences; for example, if you take the numbers of the chart 
and pop them into the equation here you are not getting the same results.  But I 
understand that this is a matter of units. I would hope that students would notice it 
and discover something. 
 
Paul: So it could be a good thing or it could be a bad thing. 
 
Teacher: And that that is there kind of carries a message that units are that 
important. Depending on the student this could get frustrating. Some would 
recognize a difference in units and some would think they got the answer wrong.  
 
Paul: What about the photos of Orion and the other pretty astronomy pictures? 
 
Teacher: I think there is a lot of value in that. In the astronomy class a primary goal 
of mine is to get them to look at images like that and recognize that this is going to 
be a cooler star and this is going to be a hotter star and we are probably looking into 
the plane of the milky way because there is such an incredible density of stars there. 
And that all these stars are not the same distance away and what the spacing might 
be. Imagery like this is so captivating to students that I think it is a real in to 
studying astronomy, so I love giving them astrophotography. Overall, the density of 
images to text is not that far from a typical high school textbook.  
 
Paul: That is what I was going with, because as you know there are different types of 
learners. Some learners will just listen to you, some will just read the words, and 
there are some will just look at the photos, so I was trying to get that balance along 
those lines. Speaking of the language, did you find it too difficult? Do you think your 
students would be able to read the words and understand what is going on?  
 
Teacher: I don’t think there is a difficulty; I mean I could see a little thing here or 
there but occasionally a little thing that could be expressed differently. I guess you 
know what I am thinking; I don’t want to be doing this with students and defending 
the design of the lesson. And I don’t want them thinking that this is a sloppy 
arrangement, that shouldn’t be there distracting them from the purpose. 
 
Paul: Are there any sections that you would skip for whatever reason?  
 
Teacher: For the astronomy class, if I do it later in the course, yes. I would skip star 
colors, the material about the anatomy of the light wave. It depends on when it goes 
into the course and that is not set yet. 
 
Paul: So it is strictly a matter of if your students have already spent time learning 
that particular material. In your opinion, what is a manageable data size for your 
students? 10 data sources, 100 data sources, 1000 sources, do you think they can 
handle any amount? 
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Teacher: Sources meaning points? 
 
Paul: Yeah 
 
Teacher: With excel, yeah any amount is fine. A clunky thing about excel is trying to 
highlight data. As long as you are not going 4 pages. I don’t think that is an issue. 
 
Paul: What did you think of the standards that were listed and what kind of 
objectives would you like to meet that are not listed? 
 
Teacher: Because I am a private school teacher I don’t teach the regent curriculum. I 
read over them, but I did not pay a whole lot of attention to them. When I think 
about learning objectives I don’t think about such concrete levels. I think the kids 
knowing the data is available is a huge value. Knowing that it is well within their 
ability to do something a graduate student is doing to an extent. That running a 
regression analysis, what real scientists do. I want them to be scientists. My learning 
objectives are higher level in the sense they are higher cognitive level and they are 
more affective. I want students to think about science in this way. And underlining I 
want them to think about what the tax dollars that go into NASA are accomplishing. 
And it does produce things the students use in their lives. 
 
Paul: And that it is available 
 
Teacher: And that all NASA data, after this little period of time, is available. That is 
just astonishing. I really look forward to looking at six week old Curiosity data.  
 
Paul: Of the topics covered in this lesson, are there any that you would have covered 
no matter what. Even if I would never have approached you to do this lesson.  
 
Teacher: I wouldn’t have done Wein’s law. I certainly would have looked at, in the 
astronomy course, the full spectrum of light. And that there are telescopes looking at 
the different wavelengths of light. Certainly I didn’t know they could access this data 
and if I did I wouldn’t have known what buttons to push to get the data. It can be the 
intimidating part of this lesson. It would effective if NASA were to provide a service 
in which teachers could call or contact someone to help teachers identify what data 
may be of interest to them. Teachers could ask what certain variables mean and get 
help with explanations.  
 
Paul: What about star colors? 
 
Teacher: Yes that is absolutely part of what we do. Because it is the frequency, but 
also because it is part of interpreting an image.  
 
Paul: Do you ever talk about color-color plots or HR diagrams? 
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Teacher: I tend not to do the HR diagrams because it is not required for the work 
that I do, but I see a lot of value in it. And it is a neat thing. Magnitude is tricky for 
this level because it is such a mathematical concept. I think the students can get 
used to a higher number being smaller. It is a tricky enough subject that I am not 
sure it belongs there.  
 
Paul: So that is something, that when you teach the lesson, might take out? 
 
Teacher: For me to teach it properly I think there is so much behind it that I would 
have to ensure my students understand. You can ask them to have a tentative 
understanding of it or spend time to give a really good grounding in it, but that pulls 
you away from the target of getting the data and understanding it. So, I might trim 
the detail on that. There is huge value in the students getting the data, choosing 
what data they want and don’t want, downloading it, putting it in excel, and making 
plots. Because that is real, but it is time consuming. But it is not inquiry based. It is 
them following a series of instructions. It would be wonderful to find a way to tell 
them “find these three pieces of information” without giving them any more 
information? 
 
Paul: Do you think that could be done in your time constraint? 
 
Teacher: I haven’t taken the time to think about what would work. I think it is 
possible. Just need a little brainstorming. 
 
Paul: So when you looked over the lesson, do you think the videos that show the 
step by step instruction were helpful? 
 
Teacher: It was different enough from the words, but every other step where you 
posted “here is what it should look like” mine was different.  
 
Paul: So the photos showing what it should look like were helpful? 
 
Teacher: Yes, but giving the kids that may give them too much of a temptation to just 
jump to that. Possibly making it only available to the teacher so that they could give 
it to the students only as needed. 
 
Paul: There were a couple of analogies presented. Do you use analogies often and do 
you think your students will understand the analogies? 
 
Teacher: I do use them, the pressure in a star I wrestled over that one for a while. 
Partly because when you do that, when you squeeze your hand it is pretty obvious 
when you hear the hissing and the gas going out somewhere. Much more I find I get 
suction out of that. That one I didn’t find really effective. Seems like there would be 
something to do with balloons. For example, anyone who has ever used a bicycle 
pump to pump up a tire knows the pump gets warm because of the compression. 
And the reverse one of cooling something. Taking a balloon out on a cold day and it 
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is really obvious they have shrunk. And I am not sure if that is a fundamental idea. I 
don’t know if you need to spend time on demonstrating that compression increases 
temperature. 
 
Paul: What about the skater analogy of as you get smaller you spin faster? 
 
Teacher: I personally do this demonstration in my class. I spin on this board and 
slowly pull my arms in, which increases my speed. It is a pretty stunning effect and I 
invite them to do the same.  
 
Paul: So you do use analogies and your students understand them? 
 
Teacher: Oh, absolutely. I feel like they understand them. 
 
Paul: How about plots? Do you use them often and do your students have experience 
using plots? 
 
Teacher: Yes they tend to. Now this astronomy class I have right now is only seven 
kids, but three or four of them are international students so they come from a very 
different background and I don’t know what kind of. They are all in my other classes, 
but they might be learning regression analysis along with this. One of them is a 9th 
grader and has had that yet; while, another one is a senior who has been through 
four or five course with me and it’s all automatic for them. 
 
Paul: What did you think of the math in the lesson? Do you think it was overly 
difficult for your students? 
 
Teacher: No, I am sure my students will be able to handle it. 
 
Paul: Are there any questions you anticipate the students asking?  
 
Teacher: I think they would ask about magnitude. But my students are awfully good 
at surprising me. 
 
Paul: Did you have any trouble downloading the data from NASA? 
 
Teacher: No everything seemed to work fine. Though there was one link to an 
external site that was down. 
 
Paul: Do the step by step instructions make sense? 
 
Teacher: Yes, when they match the version of the software you are using. 
 
Paul: Do you think your students are more likely to follow the video tutorial or the 
written tutorial? 
 



 

 238 

Teacher: I think they will probably go for the video. I mean a lot will ask. My sense is 
that they are, if they are presented with a video that is what they will go to first.  
 
Paul: Do you think your students will be able to do everything the lesson asks for in 
Excel?   
 
Teacher: I couldn’t do everything asked, but that was because of the version 
differences. I believe if the instructions match their version of Excel they will be able 
to do everything asked of them 
 
Paul: Do you use excel often in your class? 
 
Teacher: For every experiment. 
 
Paul: When you attempted the lesson did the plots come out like the ones in the 
lesson? 
 
Teacher: Yes, the plots did, but I had to use the pre-formatted data. 
 
Paul: So when you started from the very beginning you couldn’t get it to match up 
exactly? Which is fine, that tells me I need to re-look at the directions.   
 
Teacher: Two or three times I had to go to the “to make sure we are working with 
the same data” links. 
 
Paul: What lessons will you teach leading up to this and after this?  
 
Teacher: I haven’t really decided on that. So I could do it next class. I want to give 
them a little introduction to wavelength and frequency and the relationship 
between them. It can be a tricky idea and it is really hard to illustrate. I think I have 
worked out ways to do that. I want to do something about the anatomy of light. This 
is one of the goals of the course. That practically everything we know about 
astronomy comes from light. Scientists have started with optical and have kept 
spreading out and spreading out. And also that idea that waves tend not to interact 
with something much smaller than its wavelength. I really want them to have that 
because it goes beyond astronomy. I think you had the poster of the galaxy in 
different wavelengths. I would like to go to the website and let them interact with 
that picture. I also have some really good information for teaching the formation of 
stars that would go into more depth than the four panel image in the lesson. And I 
could see value in doing that first. I have my students listen to a podcast that 
explains star formation. I could see a lot of value of doing that before doing this. 
 
Paul: And is there anything in your curriculum you could see this lesson leading in 
to? 
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Teacher: I don’t have like a module, but certainly it gets at that high order learning 
objectives of kids discovering things and kids being scientists and seeing what 
follows. If I was teaching this myself I would probably have focused on a later phase. 
If I would have designed this I would have focused on showing them how to access 
the data and getting a couple columns of data that made sense to them and asking 
them “What can you now do with it?” Or “What would you do to find patterns in 
this?” and letting them try several things and when they get graphs that you were 
leading them to asking them what the graph is showing them and what does it mean 
when this is way out here? Their first reaction is that it is an outlier, yeah but WHY 
is it an outlier? What do they get out of that? I want them to realize on their own 
that there is something different about that point, but what could it be? And what do 
I know? And construct from that that it is a young star. 
 
Paul: It’d be great if that is what they said. 
 
Teacher: I think that with this group at least one of them will see that. And when one 
of them said that others would understand why. 
 
Paul: Any final thoughts you have? 
 
Teacher: Have you thought about pre- and post- assessment on this? 
 
Paul: I have not as I am not at this point studying students understanding only 
studying teacher/scientist relationships. 
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Post-Lesson Interview 
 

Paul: I am here with my post interview with Teacher Bravo. After the lesson, do you 
think there are any parts of the lesson that were just too difficult or should be made 
easier if possible? 
 
Teacher: I think the key aspect is that the kids be going into the last phase of the lab, 
playing with the data, everybody has a curve that has a peak in that may be 
associated with temperature. And that when you graph the new stars you are not 
getting that curve and that should leap out at that point. I didn’t really appreciate 
this fact until after we had finished the lesson. And the way these kids did it, it was 
like hey look at these. And they kind of looked at it and interpreted it, but they did 
not internalize it. So I think something earlier on, or maybe even setting them up for 
the epiphany later. Show them five graphs and ask them which of these could be real 
bodies. If they hit the button and get the graph and see something that doesn’t look 
like a blackbody curve that should leap out at them. Or it should be set up so that 
they are given the opportunity to have an epiphany there of making that connection. 
I think it would be much more exciting and help them make that connection there. 
As it was, they got the plot, looked at it, and saw that it was different, but it didn’t 
occur to them (or me) why. They don’t really think much about blackbody curves. It 
didn’t leap out to them that one of the curves did not come back down and what that 
must mean. It was brilliant after you explained it and it was understood. It was 
really exciting after because it made so much sense. Maybe this is being a little 
manipulative with the kids, but trying to get them excited and give them the 
opportunity to make that connection. It is all about epiphanies. If we had done 
something to set that up in advance it could have been a great “aha moment.”  
 
Paul: What about the mixture of text, pictures, and video? Was it a good mixture or 
too much of one or another? 
 
Teacher: I think it was a good mixture, but what I wonder a little bit because I have 
seen students change over the years and this is over the years not my students just 
this year. Recently there is a change in the way kids take in information. The lesson 
being on the computer, the students have a set of tools that they have in place when 
it is on the computer. For example, going for video instead of reading text is 
probably one of them. Not reading very carefully is another one. I think there is 
something going on there. To me it seemed like there was good balance, but this is a 
phenomenon that I have noticed in the last year or two. So if that was a real 
phenomenon that would change my answer. 
 
Paul: Do think this lesson worked well as a website or do you think it could have 
been a printed lesson? 
 
Teacher: This was certainly a low maintenance way to do it. I think if I was 
designing it on my own, but this may be because I am pre-digital person, I would 
have focused on individual documents that I would just have e-mailed anyway to my 
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students.  (Note: They are a laptop school and teachers e-mail students very often. 
Students carry their laptops with them to every class.) My class uses Google sites 
and I may have created a Google site. I see that there is value for variety, so it could 
be adapted to paper but it would lose value. Like kids accessing the data, this is 
something they are able to do. That is a really neat part of this.  
 
Paul: Is there anything in the lesson you would change. 
 
Teacher: I would set them up early on and spend more time on the black body 
radiation as we spoke about. We calculated luminosity and I think that would be 
more meaningful if they had a better sense of that. I think we could cut a few basic 
ideas and emphasize others more and looking at what the students have to think 
through. This would also serve to break it up a little bit and vary the lesson. 
 
Paul: Would you teach this lesson in futures classes or years?  
 
Teacher: I could see myself using this lesson next semester in my wave physics class. 
It would be really neat to do this data with that class. It meets on a different 
schedule so I would have to make sure that the time works out. I would be a little 
fearful of all the settings and buttons we have to use to get the data. I think that 
would be the biggest issue in stopping me from making a lesson like this on my own 
is not knowing what all those things mean. There would be nice if NASA if had a 
contact on how to use these things. A better middle ground if there was a page that 
had a pre-done body of data that didn’t have all the variables that the research 
scientists need. A default page with the correct things for students already checked 
off. For me, when you have a student doing something without explanation then 
there is probably a better way to do it. And to me a few aspects of this were like that. 
The telling them, “use this formula” and “check this box.” However, there is a 
balance between having too much text explaining things that may scare off students 
of this generation who aren’t big readers and information. Just a sentence or two of 
context would help. 
 
Paul: Were the instructions easy for your students to follow? 
 
Teacher: As I remember, the students asked questions that did surprise me, but kids 
don’t follow instructions well. This is probably a by-product of the computer 
interface being set up so the obvious thing is always right there. Most computer 
interfaces are set up so that students can take a pretty good guess at what buttons 
do and they are not required to read what settings present what results. Because of 
the intended audience this one (GATOR) is not set up that way, for a good reason. 
Even if NASA set it up that had all the presets set up that would work for the 
classroom, that would be helpful. 
 
Paul: So how did you transition out of this lab, what have you done in the classroom 
since we met? 
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Teacher: The homework assignment was to write a reflection. None of the students 
said the lesson was tedious. I think me framing the lesson as something that very 
few people in world use this data and do what you are doing helped it sync in for the 
students. They are willing to work a little harder knowing that they are doing 
something that not everyone gets to do. A while ago I had a student who said, “it is 
unpleasant working this hard when you (the teacher) know the answer.” In this case 
I did not know the answer. This is has influenced my teaching because I often ask 
students questions that do not have concrete answers. Because I don’t like to feel 
like I know something you don’t. After the reflection, we got broken up by the storm 
(Hurricane Sandy) and I was out for a conference, but we went into constellations 
and I pointed out Ophiuchus specifically and told them “you looked at that, you 
know things about that spot.” I gave them the opportunity to get clarification of 
earlier material and we looked at the death of stars. Before you came, we had done 
the podcast on the birth of stars and they had a sense of giant molecular clouds and 
the shedding of material. And then we looked at going into a white dwarf, that path, 
and the origin of planetary nebula.  
 
Paul: Was anything from the lesson talked about in future lessons. 
 
Teacher: It was, sadly I can’t give you specifics, but the students were making 
connections. That happened at least twice. 
 
Paul: Do you think these are things that would have come up without this lesson? 
 
Teacher: I don’t think they wouldn’t have drawn those connections or emphasized 
those points. The lesson allowed them to show relationships. 
 
Paul: Do you think there were any standards that were met very well by this lesson? 
 
Teacher: Because I am a private school I usually look at broader standards. Using 
plots to draw conclusions? Very much, it did that nicely. The learning objectives you 
have listed were touched on, but I don’t know if kids walked away with a deep sense 
of those. The idea of science as a continuing creative process, I can see was touched 
with this lesson. Also, when you said about how many data points you have in real 
research that was deep for the students. They responded to that. The retrieving 
information was huge for the students. Their model of how a scientist does an 
experiment in their lab and not that there is this database of data that you go to and 
find and that was certainly addressed and was speciously valuable. It was nice that 
they got to apply the standard of how stars form. The lesson didn’t introduce them 
to this standard, but using the information validated it. Those are the ones that leap 
out, but it is interesting that I look at the large-scale standards and not the 
individual ones. 
 
Paul: In your area you have multiple colleges and science businesses. So would you 
be willing to work with local scientists on a more regular basis? 
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Teacher: Yes, and you hear the hesitancy in my voice. In a way that is what I have 
done through things like the Astrobiology Teacher’s Academy (ATA). Like this past 
summer I developed some great, great curriculum. Some kids were blown away by 
using science to figure things out. But I look at where I would normally be in my 
curriculum at this time of the year and where I am now. I am adding things, so 
something else has to give. What I added is absolutely valuable, but I have to worry 
about the things I am taking out. There is a limit to adding new things because there 
are some basics that always need to be part of the lesson because it will be used in 
their future. For chemistry this year I will be using things I developed during the 
ATA, but it will be a large portion of my class time. But I question the wisdom of 
doing that too many times. So meeting every year may be too much, but every 3-5 
years would be good or maybe if the meetings were viewed as an update. So not 
creating a new lesson, just adding new, modern information to the already created 
lessons. Kids don’t think science keeps happening. I always make a point to 
announce things in class when new things happen. 
 
Paul: You have done multiple teaching academies. Do you think those academies are 
better in large groups or would you rather meet one on one with a scientist? 
 
Teacher: No the groups were good. Teachers are an amazing group and tend to 
quickly understand each other with few words. There is a level of understanding 
and communication that I don’t have with many people. We all face the same 
challenges and have the same goals. We are dedicated are doing something good for 
our students. So there is value in having the brainstorming. Now it is great to have 
teachers, but also having scientists too is very beneficial. The ATA was great because 
of the cutting edge access to new science as well as the teachers having a love for 
teaching. I know if I e-mail those teachers with a question I will get a quick answer. 
 
Paul: Let’s say you wanted to work with a local teacher, would you contact them or 
would you expect them to contact you? 
 
Teacher: Many times over the years talking to teachers at college, I have heard them 
say they are stunned by how rarely they are contacted by local teachers. They say 
they are happy to help, but are never asked. I would feel perfectible comfortable 
contact a college professor, but I don’t know if the average teacher would. My 
impression is that not enough science teachers see themselves as scientists. I think 
there would be a degree of concern about being smart enough to talk this person, 
not being able to understand them, and not wanting to bother them. When I have 
conversations with teachers outside of my school, there is very little talk about the 
nature of science, but plenty of talk about methods of education.  
 
Paul: What methods do you think would best to get attention for programs for 
teachers? 
 



 

 244 

Teacher: I often hear teachers talk about listservs and e-mails. I am asked this 
question often. Getting scientists out to speak at schools would be affective. I think it 
would be really effective to offer teachers a lunch and an afternoon of talks. 
 
Paul: That ends my questions, but what did you think of our partnership? 
 
Teacher: I am glad I did it. I have doubts about how well it would work in middle 
school. I thinking scheduling was the most difficult aspect because everything is 
test-driven. As a private school I am more available then a public school teacher 
would be. I will probably use portions of this with my class next semester. It is great 
for astronomy to have something lab oriented and with real data. It is difficult to do 
during the day. No reservations, nothing went wrong. The forms were probably the 
most difficult part and I certainly learned from it. It got me thinking about kids 
accessing data. No concerns. It was an epiphany for me from your perspective it 
wasn’t about the product, but the process.  
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Teacher Charlie 
 

Pre-Lesson Interview 
 

Paul: This is Paul and I am here with Teacher Charlie. So, Teacher Charlie after 
reviewing the lesson did you see any areas that would make it impossible to do in 
your classroom? 
 
Teacher: In its entirety the lesson itself is very scholarly. I teach an 8th grade class, so 
looking at that there are just some parts that are above their developmentally 
appropriate level and not content that we actually cover in middle school. There are 
some elements that can be used especially the parts about data manipulation and 
graphing. We do a little bit with star formation and color vs. temperature. Once you 
get to about Wien’s law with the mu and the lambda that is above their ability to 
comprehend. But there are definitely some elements I could use and I would need 
your help to do that. 
 
Paul: So would you be more interested in cutting that part out or trying to keep it 
and adapt it so that your students can learn it? 
 
Teacher: The reticence I have is that most of that material will be covered for them 
in 9th grade next year when they take regents Earth science and they do astronomy 
up there. We’re most concerned down here with Earth-Moon-Sun system. But we do 
a little just because the adolescent mind is always quenching information about 
stars and space travel. So we get into a little bit to prep them for 9th grade. It isn’t 
covered in our learning standards, but just as a way of report building and to keep 
student buy in. HR-diagram is a next year kind of thing, but data manipulation 
especially graphing is something we can do. Also star formation is something we can 
do. My understanding of that if fairly rudimentary.  
 
Paul: Do you teach all of the science or do you teach one of the sciences in your 
class? 
 
Teacher: In 8th grade the way the curriculum is set up. Well building wide in middle 
school it is a local decision what is taught when. And we have a state mandated 
curriculum from grade 5 to grade 8 and each district decides where and when things 
are taught. So for us we teach chemistry, environmental science, and astronomy in 
8th grade. So those are the three we consider to be the most rigorous of the 
standards that requires a little more development with the student so we cover 
those three things in 8th grade. We also do a little spiraling, another reason we have 
environmental science in 8th grade is because in 6th grade they have ecology and it is 
a way to use ecology to talk about human effect on the environment. That is how we 
got our curriculum. 
 
Paul: So what are some aspects of the lesson that you enjoyed and what are some 
that you thought were bad? 
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Teacher: I thought the whole technology piece; the use of Microsoft Excel, the lesson 
itself was very attractive. The clicking on images to get a bigger size, that three-
dimensional format is, number one for my students, the world that they live in. 
Pointing and clicking and playing videos in their leisure time, so that is something 
they can relate to and I think it creates a little bit of familiarity with them and it 
eases some anxiety. The lesson is based on some more rigorous content, but I think 
it is attractive. It is not verbose, if something is longer than a paragraph the students 
are gone, and the pages or section are palatable. At the bottom of each page it says 
go on, so even though it is all one long process it breaks it up. It helps me as a 
teacher if I just want to focus on one part I don’t have to do some editing myself by 
setting the page at a certain position or “don’t worry about this we are skipping 
down” kind of thing. It makes it a little more navigable for a student if they were to 
be working on their own, which I think is the intent instead of the teacher going 
through chalking and talking. 
 
Paul: And if you had to pick out the worst parts? What could be improved? 
 
Teacher: The instructions on building the data set have a lot of steps. I found I had to 
open multiple windows in order to look at the instructions and do the instructions. 
For my kids, I would even say to skip that whole part. I see what the goal is to have 
them enter data and see where the data comes from, it’s not just some here it is, it 
came from somewhere and someone collected it and here is how they collected it 
and here is how we are going to use it to maybe already have the data set already 
distilled down to something a middle schooler could handle.  But it is great to have 
that back-story about how it came about, but I think leaving it the way that it is we 
would not be able to get it in a reasonable time frame.  
 
Paul: Did you read the step-by-step instructions or did you watch the videos? 
 
Teacher: I did the step-by-step instructions. The video I kind of passed on because I 
figured I could either watch the video or enter the data, but between the downsizing 
and the entering the data it was difficult. And by then I looked at it and figured out 
that by that time my students would have become frustrated and stopped paying 
attention.  
 
Paul: What type of time commitment are you looking at giving? 
 
Teacher: I am willing to work with you on that. I can definitely do something with 
the graphing if you want to break it up into smaller sections. We do a graphing unit 
around Thanksgiving so what we can do is integrate an astronomy data set into that 
unit. We do astronomy in the spring, but I am not convinced you need the 
astronomy background to understand the graphing. It may be interesting to do 
something then and loop it back to the graphing unit from Thanksgiving.  
 
Paul: How long is your class? 
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Teacher: Our class is 80-minutes and it is every other day. When I do the graphing 
unit we do 5 graphs. The first four graphs are usually very pretty and are designed 
to work out perfectly. The last graph I have the students do looks at data I took as a 
graduate student when I was doing some amphibian research. I like to have them do 
this to show them that data doesn’t always work out perfectly like the textbook 
would have you believe. I think this astronomy data would work perfect in the 
graphing unit because it is real data. 
 
Paul: Do you think the website was helpful or harmful? 
 
Teacher: For what we are thinking about doing actually not, but I could see this used 
in a 9th grade Earth science course. HR-diagrams is something they would cover, the 
also talk about formation of a star. I like the demonstrations on the website and the 
quick access to the images. We could even, if this is an option, I teach an accelerated 
group of 8th grade Earth science students. I teach 19 kids that are going through this 
content, but unfortunately they will be going through it in June.  
 
Paul: What about the language? 
 
Teacher: For my kids a little too scholarly, but it is not too unwieldy. I think the text 
is made palatable. I am not getting smacked in the face by a page of text. It is more 
focused on the non-text information. The text is there it is a necessary evil, but I 
think the amount of the text and the use of it is good, it is just at a higher level than 
my students.  
 
Paul: What would you say is a manageable data size for your students? 
 
Teacher: If I was having them use excel I don’t think it would matter too much, but I 
often have them plot by hand as would be required by the regents exam. By hand I 
would think that 25 sources with multiple data points per source would be possible. 
After that I feel plots get too busy for students. I want them to see the data and 
correlations and if there is too much data it is just hard for them to single out the 
information they need. 
 
Paul: What learning objectives or standards would you like to meet by doing this 
lesson? 
 
Teacher: This would be a graphing kind of standard, which is part of the math 
standards. The idea of it is to be able to read and make graphs. I don’t know the 
exact wording of it. I want to look at making and interpret graphs.  
 
Paul: Are these topics that you would have covered in class if I would not have 
contacted you? 
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Teacher: Yes, I would have just used the graphs I have already and the data I took as 
a graduate student. But I like the idea of real data. In years past we used fake data. 
The other teachers and I decided to change that around. Sometimes in data the 
graphical relationships are not there. I am not married to the graphs I do. The goal is 
to have them make and interpret graphs. 
 
Paul: Do you think your students will understand the analogies presented? 
 
Teacher: Those elements are very important especially when you are dealing with 
abstract, weight concepts. I am always giving analogies and doing demonstrations 
and having the kids do them. Having them do it files it in another part of their brain. 
I subscribe to the learning pyramid where you have students learn by doing. So that 
kind of model helps them digest some of the more complicated concepts. Analogies 
are a very important teaching tool. 
 
Paul: Do you think your students will be able to read and understand the plots that 
are presented in the lesson? 
 
Teacher: I believe so, but if not that makes this a good lesson because for the regents 
exam the students need to know how to read plots. The only exception may be the 
Greek symbols.  
 
Paul: What about the math presented in the lesson? 
 
Teacher: Frankly, it would probably be over their head. In upper division high 
school, if you are dealing with seniors in physics they would be all over this as that is 
what they do, but for these kids… anything with exponents as long as there are no 
operators in the exponents they could do it. I wouldn’t think we would get too many 
correct answers.  
 
Paul: Are there any questions you anticipate students asking? 
 
Teacher: Content wise, no. It is laid out nicely. It is kind of a year ahead of where my 
kids are content wise. But I know where the students are going and I think this 
would be a good introduction. I like the way it is setup. I don’t think there are any 
issues with that. The problems I encountered were more with the data entry. Which 
to me is really unnecessary when it comes to understanding the content. I want 
them to be able to look at data and draw conclusions. Those are the kinds of things I 
am looking for. I don’t want to lose the buy-in because they get frustrated with not 
being able to get their graphs to look right and the student next them is moving on 
because they got their graph right.  
 
Paul: So you are less about producing the plot and more about what the plot is 
saying. 
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Teacher: Yeah. I think it is a noble effort to show where it is coming from but I think 
it may be more collateral damage than benefit.  
 
Paul: Were you able to do the lesson from start to finish? 
 
Teacher: I was not able to complete. I mean I am sure I could have if I stuck with it, 
but I stopped trying when I got to a point I felt my students would have stopped. 
And then I made some bullet points of things I wanted to share with you. I would 
want the kids to do the graph on paper. After our conversation last time I polled my 
accelerated class to see who has used excel before and only 2 of the 19 kids have. So 
it is not a big number. I just don’t think students have an opportunity to use it. I 
think this lesson may be a good exposure, but this is too much for a first time use. 
There only prior experience may be because of parents. 
 
Paul: What lesson do you think you may be teaching leading in to this lesson and 
after it? 
 
Teacher: I first go over the parts of a graph. I feel I have to give them structure. I give 
them a graphing checklist such as title, units, scale, key, etc. They go through all 
these things. What should a graph have, I give them examples. Then I have them the 
first data set, I hand them the data set on a printed piece of paper. In years passed I 
would have them copy the data, but I found it didn’t add anything to the lesson. They 
plot the data, when they think they are done they show it to me. If it is not perfect I 
give it back to them and they have to fix it. We do this back and forth until they have 
it right. Then they move on to the next graph. They do that five times. The kids that 
cruise through will get more experience. I may have them collect data from their 
classmates and have them graph the data to see if there is a correlation. I try to get 
them to see if correlation means causation. So I would put this lesson in there, 
probably towards the end depending on how many variables there are. After that 
there would be a graphing test in which they would have the five graphs they made 
throughout the lesson and I would ask them questions about those graphs. Then I 
give them a second test on graphing questions from the state exams.  
 
Paul: Are there any comments or questions you have for me? 
 
Teacher: Not really. I think our conversation allowed me to cover everything.  I can 
tell you have made an effort in this lesson. It is not just a scholarly document. There 
is some effort to make it palatable for students. 
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Post-Lesson Interview 
 

Paul: I am here with Teacher Charlie. What are your initial impressions of how the 
lesson went and how our collaboration went? 
 
Teacher: I think it is a real benefit to have someone come in and visit the class from 
both a skill set and experience background, different presentation style, and to get 
myself some street cred. Everything that comes out of my mouth my students have 
to accept as gospel because no one else is here to validate that.  So to have you come 
in, unprompted, and say the same things that I have been saying in the classroom. 
To have that independent validation from outside the classroom and it is also good 
to see for some students to connect the dots. For example, why do we have to learn 
this stuff? The scientific method, the use of controls, all those things that we over 
and over hammer into the students and now here is a chance for them to see it in 
practice, potentially to look at graduate studies or a career in that sort of thing. 
Astronomy is such a dynamic and constantly changing, so far as our knowledgebase 
goes and our understanding of things. It is refreshing for me to hear from some that 
is in the field currently some of the things that are out there and for me to get 
updated on the newest advances.  
 
Paul: Do you think there were parts of the lesson that were more difficult then you 
initially thought they would be? 
 
Teacher: Pacing for one and the expectations from the kids. When I teach the kids 
know what to expect and what is expected of them. With you coming in the kids 
didn’t really know if they should listen or take notes. When you said something like 
“you should write this down, this is a take away point.” And they kind of were 
looking at me, looking at you, does he have the status to make us write something 
down kind of thing. But seeing as we had four classes to do the lesson we were able 
to tighten that up and get it to work properly. When it came to plotting the data, 
some parts with labeling the axis and explaining how the plot should be done. I am 
glad we changed the method where I explained the graphing since I was the one that 
taught them graphing originally. If the spacing between the axis values are not 
uniform it seems to confuse them, but I think it is a good thing because it shows the 
kids that data isn’t always normalized or equal intervals. They need to understand 
the plotting because in the future they may have tools like Excel, but they have to 
understand if Excel is giving them the correct answer or not. You do not want your 
students blindly trusting the data the computer presents to them. 
Paul: What is your opinion of the mixture of words, pictures, and anecdotal stories?  
Teacher: I think it was a perfect balance. The anecdotes keep them tuned in while 
you are giving them knowledge with the words. The images are also good for the 
different kinds of learners. Students learn differently from the different methods.  
 
Paul: Would you want to use more or less images and graphics? 
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Teacher: I think the mixture was good. The graphics give them something to look at. 
It is technology they are familiar with and that they can relate to. It gives you 
something so they are not focused on you they are all looking at the same thing 
rather than them looking at you and you looking at them. It allows you to integrate 
data or great imagery that we didn’t have ten years ago. With this age group, peer-
reviewed data and things are dry and not for them, so to lure them into the ideas 
you need to use something else. We are planting a seed, so maybe when they get 
further along in science some of the things we do with them will spark an interest. 
At the very least, if my students leave here this year and they have an appreciation 
for their environment and the universe we live in and an understanding of those 
things and they do not take it any further, I say mission accomplished. I liked the 
way you showed interest in the subject and I hope the students pick up on the fact 
that you enjoy what you are doing and that science can be fun. I’ve had visitors in 
the past come in and were very monotone and dry. The students at this level do not 
respond well to that kind of teaching. 
 
Paul: Do you think our pre-meeting and the changes in the lesson were positive? 
 
Teacher: I think they were necessary. I am glad we changed from a website based 
lesson to a power point. If we would have done the website it would not have gone 
as smoothly. If everyone had netbooks we would have had internet connection 
issues and other problems that we would have had to troubleshoot. Those things 
take up valuable time. The idea of the website in theory is great, but in practice just 
does not seem to work in the classroom.  The school district is pushing the 
technology, but there always seems to be problems that interrupt my class. Our pre-
meeting allowed us to discuss your theories of what would be good to do with my 
knowledge of what can actually be done in my classroom. Also you were able to alter 
the lesson magnificently to fit in my class. I won’t lie, after our initial meeting I was 
worried, but things worked out great because you took my thoughts and ideas and 
changed the lesson to work in my class. The students can sit for eighty minutes at a 
time they need transitions. Our pre-lesson meeting allowed us to discuss this and 
redesign the lesson to include some transitions for the students so they would not 
get bored.  
 
Paul: Now that you have finished the lesson. Would you feel comfortable doing this 
lesson in future years unassisted?  
 
Teacher: I got some great anecdotes from your presentation and some ideas like 
using fresh NASA data in my lesson. You gave a lesson on Wien’s law and then you 
reinforced the lesson with a graphing exercise. The idea of the data not having to be 
perfect is intriguing and something that I would definitely do in the future. The idea 
is they get data that is more and more “dirty” until they are where you are and have 
to distill the data down themselves. 
 
Paul: Are there things about this lesson that you would change or could change that 
would ensure it would become a lesson you taught every year? 
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Teacher: I would have to do something with the axis of the graph. I would have to 
use units that the students would understand. Also, there is some efficiency we 
could have made to decrease the time commitment of the lesson. Going on the 
assumption that I would be doing the lesson, I would know what the students have 
and have not done before and would not need to review some things like you were 
required to do. 
 
Paul: Where would you normally fit this lesson into your curriculum?  
 
Teacher: I would put it a little further along in my astronomy unit. For the state 
assessment the things we need to cover ends with tides. Eight grade students focus 
on the Earth-Moon-Sun system. The birth and death of a start is a ninth grade 
concept that I like to touch upon in eight grade so they can say they have seen this 
before when they get in ninth grade. So this lesson is something I would do after I 
have completed all the state mandated things first. However, there are things in this 
lesson that are very testable and useful for my students. When we initially spoke we 
discussed that this lesson was too high level for my students, but after out meeting 
that improved greatly. Your delivery also helped. The way you phrased the 
information made it seem not as high level as it was. The analogies and stories you 
used really made this lesson palpable for the students. Without our meeting the 
material would have been way too complicated for them to understand, but with us 
working together we were able to change it to be very doable by the students. 
 
Paul: Do you think this lesson met standards that you needed to meet? 
 
Teacher: There is some graphing, which as we discussed, the format was a little 
different than I had taught them so I could change it a little to “standards it up.” I 
would collaborate with the math teacher since graphing is a math standard. You tied 
back to the scientific method, multiple trials, and controls all things that are 
standards the students need to know. If we were able to continue our partnership I 
feel we could add more standards to it. The lesson as is, in a high school level 
regent’s class, is very good, but for the middle school some minor changes could be 
made.  
 
Paul: How do you think local scientists could about finding local teachers to work 
with and vice versa? 
 
Teacher: First realize that everything is low-response. Look at national voting and 
how few people turn out to vote. Teacher and school personality type are the things 
that will decide whether or not you are contacted. I used to work at the New York 
State Biological Survey so I had contacts in the fields who I could invite when I 
became a teacher. The good teachers no matter how new or old will find local 
contacts. They will be members of local organizations that have contact information. 
Then there are teachers that may not care and even if you directly sought them out 
you still wouldn’t work with them. There is also a time commitment many will not 
want to give. I have forty minute for planning each day. I could use that time to 
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grade or respond to parent emails that are backing up. Or I could spend time looking 
for local college contacts and trying to get in touch with them, etc. But you can see 
where with the time pressure teachers are under they don’t often reach out to local 
experts. I honestly believe that the word is out there well already. Some teachers 
just do not care enough to even look for that word and there is nothing you can do to 
get to them. Everyone is busy; it is just so much easier to not do something then to 
do something. Back when there was a climate of more time and more professional 
development, which doesn’t exist anymore; it was easier to find new people. 
Scientist could market themself better also, for some reason your e-mail spoke to 
me and that is why I replied. But then when you contacted me later I was like, crap I 
forgot about this thing I promised to do, but I am glad I went through with it. But 
you showed interest and you WANTED to come into my classroom. Sometimes when 
I contact local scientist they make me feel like I am summoning them to court. They 
do not want to come to my class, but they feel required. Your e-mail broke down 
exactly how much time I would be needed for and what you lesson would cover.  To 
bring it home, it can be a personal burden, but I have to decide the burden to how 
good it is for my students. 
 
Paul: In the future would you work with local scientists? 
 
Teacher: Absolutely. I understand there is a time commitment from both, but I think 
that in the long run it is a win-win for everyone involved. It would be nice to develop 
a relationship over time. Flexibility on the scientist part is also a necessity. With 
snow days and schedule changes. Also the ability to talk to the speaker before they 
come to my students is a good thing. I want to be able to vet them to see if they will 
be able to teach in a way my students would understand. Another reason I 
responded is that compared to the other sciences astronomy is rather abstract and 
dry. Having someone come in and help me come up with a lesson and lab is helpful.  
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Teacher Delta 
 

Pre-Lesson Interview 
 

Paul: I am here with Teacher Delta today. So Teacher Delta after reviewing the 
lesson did you see any areas that would make it impossible or very difficult to 
present this lesson in your classroom. 
 
Teacher: In the introduction lesson the idea of the waves, the radio waves, is a very 
difficult concept. The early analogies of the ice skater, the students connected with 
very quickly and we did the rays and I realized I had to supplement by saying for 
example let’s look at something with no glasses, and then if you look at it with 
sunglasses on, and then a pair of rose colored glasses, and then a pair of yellow 
tented glasses and the students begin to understand different wavelengths. We then 
went back to the website and there was the video and that then they made the 
connection. It isn’t in our curriculum so they didn’t have the background 
information to understand. 
 
Paul: So you started doing some of the lesson through the Wien’s Law portion with 
the students. How do you feel their impression of the lesson was?  
 
Teacher: They were definitely interested. It is not something that I would normally 
do because our syllabus does not go that deep. I appreciate the fact that it went 
deeper and offers them a challenge because often times I think that our curriculum 
are middle to low road and so we are not challenging the students. We are using 
specific scientific jargon.  And we dumb it down for them so they can easily 
understand it, but we leave the students that need challenging. Then when students 
go in to it and they haven’t been exposed to the jargon they don’t have that 
background. They may understand a concept deeper than another teacher may 
realize but because they haven’t used the correct scientific terms or didn’t have a 
connection the teacher doesn’t realize it. So I found that when the lesson used 
analogies and pictures the students really liked discussing it. It was that productive 
disturbance where we would read it together and I was stopping to help them with 
some of the vocabulary, but you have inserted the connector analogies. For them, 
once they were able to interact or make a connection they were more excited and 
asked appropriate questions and wanted to know more. If those pieces weren’t in 
there they wouldn’t have those real life connections and it wouldn’t be meaningful 
for them. It would be boring. What I think I am trying to say is that the content is not 
way over their head, but I think a lot of times the way it is presented. I liked that the 
lesson was setup for visual learners; it was set up for kinesthetic learners. A lot of 
times we teach to just visible, which means we may not be hitting everybody. We 
may be missing some great minds because we didn’t teach to them the best style for 
their needs 
 
Paul: What would you have to change if anything to ensure this is a good lesson for 
your classroom? 
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Teacher: I think there is just a little too much information. I felt that you only needed 
70% of the information and just stopped there. It was a lot of concepts for my 
students. I am not sure my students connected everything. They had a very difficult 
time with using the different forms to see the stars. 
 
Paul: Do you think it is a matter of time? 
 
Teacher: I plan on doing it 30 minutes every day throughout the semester. But even 
given more time I still think it is too much. I think some labs should be inserted. For 
example, the spinning star you could take the kids out with a bucket of water and 
have them spin around to cement the idea in. That repeated exposure in multiple 
ways would help them connect and retain the information. 
 
Paul: Do you think the website is necessary and helpful? 
 
Teacher: This day the students come to us pre-programed for video. I think it is a 
different world and if anything I have told the kids that in the future their desks will 
be smart boards. So I think the website is great, the visuals are helpful. You can only 
read so much, but when you see it in a video or picture it helps connect it. We need 
some of this preliminary to be put in so they have that background knowledge. If 
you didn’t have the interactives the lesson would be terrible, but the interactives 
make this lesson great for students. Most of the inserts you have are age appropriate 
and engaging. I think sometimes in science we tend to baby it down. We make it 
cartoonish and silly to try and engage the kids, but I am firm believer that the kids 
are scientists. So using scientific terms is beneficial to the students. The kids were 
very engaged. 
 
Paul: Were any of the visuals distracting or were any of them distracting? 
 
Teacher: The visual about how stars are born were hard for the students. They 
weren’t making the connections. The outflow and inflow were confusing for them. 
We talked a lot about this and then we related it to the ice skater. They had a really 
hard time understanding the rotating disk. They thought it looked like Saturn. They 
understood the collapsing part.  
 
Paul: A ball of pizza dough spinning and getting flat would be a good analogy for 
this. 
 
Teacher: You should put that in there. That helps explain a lot. The skater doesn’t 
have that flattening effect. The students could understand the sense of gravity from 
the ice skater spinning but they couldn’t understand the sense of flattening like they 
would from the pizza dough.  
 
Paul: What about the language? Was it appropriate for the grade level or was it too 
complicated? 
 



 

 256 

Teacher: There were a couple pieces that were a little too complicated. But I feel 
that we need to give students words they don’t know, but they can get from context 
clues. For example, stellar nurseries; they didn’t know the word stellar but they 
knew the word nurseries. And through a little prodding they figure out what it 
meant. The words were fine the waves were the complicated part for them. The 
website is a must, it be great if we could adapt it for the SmartBoard system. Then 
students could come up to the smart board and interact with the lesson. 
 
Paul: Were there any sections you think you wouldn’t be able to do in your 
classroom? 
 
Teacher: The electromagnetic spectrum was very difficult for them. I concentrated 
on radio through visible parts, but they didn’t really understand it. I realized I was 
losing them so I moved on. They didn’t realize their galaxy was named the Milky 
Way. This is where I used the different galaxies analogy. One of the students asked, 
“so you can go get milk?” I had to explain how scientist name things because of the 
way they look. Then they started thinking about the Milky Way candy bar. So I am 
really glad they saw this terminology and I was able to explain this to them. They 
understood the infrared because of the video. I had some photos that I took earlier 
outside with an infrared camera, so they were able to make a connection. I think it 
also helped because a lot of them play video games and watch movies that talk about 
heat vision. They understood X-ray because they use those in life. They didn’t know 
the term “optical” because most people use visible, but it was great because I was 
able to use this as a teaching moment to explain it to them by relating it to an eye 
doctor being called an optometrist. The radio they had a hard time understanding, 
which I tried to explain with FM and AM. I probably didn’t have a strong enough 
background to explain it. I tried to talk about how when you use a remote to change 
the channel.  I thought that would be the one they would connect with easiest. I 
think that the image of the galaxy in different wavelengths could be a whole lesson 
on its own. We could get the Slinkys out and do the waves. It is also a good 
placement, I had no idea the Milky Way was a new concept to them.  
 
Paul: What would you consider a manageable data size? 
 
Teacher: I break my students up into groups by how advanced I feel they are. With 
that said depending on the group I would break up the data in different ways. I pair 
up students into groups with similar interest and at similar levels. So I may give the 
advanced group 20 or 25 data points and give the lower group 5 points. However, 
those 5 may be too much for that group. It is something that I would have to play by 
ear as it happens. My higher level may help my lower level group so that both get 
something out of it. I want all my students to feel valued and not overwhelmed. 
 
Paul: What learning objectives or standards would you like to meet with this lesson? 
 
Teacher: I want students to understand the concept that stars are formed and how 
the life cycle of a star works. We often talk about how stars die, but we don’t talk 
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about how they are born. Color versus temperature is interesting as well as how 
infrared light was discovered by accident. Students like to know that sometimes 
science can happen by accident. It might be nice if the website lesson was developed 
so there is a “want to know more” pop-up.  
 
Paul: Are these topics that you would have covered in your classroom? 
 
Teacher: Probably not. I may have talked briefly about star formation, but not 
Wein’s law. I would mention different wavelengths, but not at the extinct as this 
lesson. Science is 30 minutes at the end of the day. Often if you did not finish your 
previous lessons during the day it is done during the science lesson. The science 
lesson is 2:10 to 2:40. If you count that by 2:30 they are ready to go and often it 
takes about five minutes to switch over from social studies to science, I may get to 
teach science for 15 minutes every day.  
 
Paul: Do you use analogies in your classroom? Do your students often understand 
them? 
 
Teacher: I have to use them. I can tell when students don’t understand or they 
checkout. But when I do a meaningful analogy the students will ask more questions 
and get in to the lesson. That is something else I would recommend in the website. 
“If you are interested in this check out this…” More external links for the students to 
use as resources at home would be helpful. Allowing them to dig deeper and review 
something they could possibly share with their family. Students love to share things 
with their family and friends outside the classroom. Our kids do not normally have 
scientific discussion, so giving them a reason to have those discussions with others 
is great. When you come and answer their questions outside this lesson they love 
your enthusiasm and analogies. I think that gets them interested in the science. 
Using analogies that use things they know and understand like pizza instead of 
“trousers” helps. It is things they know. 
 
Paul: Where would this lesson fit in with your curriculum? 
 
Teacher: I would start this lesson late January or early February. If I was doing the 
website I would personalize it more with like “come with me and we will see a star 
be born. You are lucky because I am inviting you onto a journey of science.” What 
would be most interesting would to start with the formation of a star because that is 
also when planets form. Then you can lead into Earth and the Moon. 
 
Paul: Is there anything you didn’t get to say that you would like to say? 
 
Teacher: I would make the lesson more interactive and maybe have a continuing 
theme throughout the lesson. Because then it is easier for the students to chunk the 
information which helps them retain and process. 
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Post-Lesson Interview 
 

Paul: I am here with Teacher Delta. So Teacher Delta what are your initial thoughts 
on the lesson? 
 
Teacher: I thought that it was higher level for them and you scaffold them and some 
of the students were very clear about not understanding the material, but you were 
able to restate it in a different way to aid them. I thought you used really good 
analogies that they could comprehend and when you couldn’t use an analogy you 
switched it and used something really concrete information which was really helpful 
for them. Being inner-city school children you have to be careful about the analogies 
you use. There was some language you used that some of them may not have 
understood, but I think they got the context because they stayed engaged. There 
seemed to be a little lull like it was too far above them. Getting the students 
involved, manipulating the data, etc. I think in the end, even though this was a bit 
high for them, you were able to scaffold them and you saw when they started to 
have difficulty or they told you. They always push back, so our job is to push them 
forward. It would have been really easy for you to dumb it down for them, but you 
didn’t. You kept that bar up there and I think for the most part most of them got it. 
The piece where they were deciding they didn’t want to take part and you put that 
on them by explaining this was real data and if they didn’t do it they may lose out on 
a real discovery.  
 
Paul: How would you have changed this lesson or is there anything you would have 
done different? 
 
Teacher: I would have worked with them more on the terminology, which I can do 
because I have them as students every day. This is difficult for a visiting person 
because they only have a short period of time to work with them. I had done some of 
this before you showed from the website you gave me. We spent an hour on that 
about three months ago. But they didn’t seem to remember any of that. I wonder if 
subconsciously they remembered, but we won’t be able to know. 
 
Paul: Would you do this lesson in future years, if not could you change the lesson to 
use parts of it? 
 
Teacher: I would have to add to it. The scaffolding, the terminology, I think it was 
real for them. When you told them it was real scientific data that was exciting for 
them. I think that sometimes they feel dumb that we just give them canned 
programming and they are just feeding it back. The fact that they were being real-
real scientists was very exciting for them. I also think that the graphing, we are 
going to be doing that in the math program next month, so one of the things we are 
really working hard with them on is that our children are doing really poorly in 
math. We are trying to make the connections with them between math and real 
world applications, which this does very well. I think the higher bar for them has not 
been set. We spend too long practicing multiplication, and what this does is showing 
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them real world applying it. That is one of the shifts in our new standards and 21st 
century educating. Math can become easier and it is intrinsic when real-world 
applications are used. 
 
Paul: What science lesson did you do before this and what lesson do you plan on 
doing after? 
 
Teacher: This lesson kind of got put in there because of when we were both 
available. We have been talking about Earth and plate tectonics and shifting. We are 
a little behind in our Solar System, but I think this was a good introduction to get 
them excited. I think this will help them grasp the concepts when they look back. 
And being visual was very useful. I find that they are very visual learners, anything 
visual they retain much better. It also engages them when it is given in visual form. I 
think that they kept trying to pull some kind of fantasy and you were able to show 
them how fantasy is becoming real. They are at that age where they have confusion 
between reality and fantasy. 
 
Paul: If you were going to do this lesson again, where would you put it in your 
lesson? 
 
Teacher: If we even did this next month it would help. We will be doing our graphing 
and we will be knee deep in our astronomy. This lesson would be a great bridge 
between the two classes.  
 
Paul: Did this lesson meet standards that are required of you? 
 
Teacher: Well right now the standards are in the process of switching some, with 
that said this lesson was still able to meet multiple standards.  You talked about 
college to career which is a 21st century skill, the hands on manipulation of reading 
and understanding data and graphing it which is a common core. Applying the real 
world is all 21st century standards. The common core is readiness for college or 
career. You were able to explain to them this is was scientists do and how they do it 
especially with real data.  
 
Paul: So would you work with scientists in the future and would you contact them or 
would you want them to contact you? 
 
Teacher: I wouldn’t know how to contact them honestly and I would feel like I was 
bothering and opposing on them. I would love to have a scientist come in on a 
regular basis, because I don’t have the training quite frankly. That is one of my 
weaker areas. I don’t have the training, I don’t have the resources, I don’t have the 
cutting edge knowledge. The books we are using were phased out of our district 
about eight years ago. I wish there was a better method of finding and contacting 
local scientists who I could contact and know that they wanted to be contacted and 
not only a method of finding and contacting, but learning ABOUT that method. For 
me to call a college, find the dean, have them recommend someone, find that person, 
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call them, and setup an appointment. That is a lot of time I do not have. I feel like it is 
a necessity, but I have so much to do already. 
 
Paul: Do you have any final thoughts? 
 
Teacher: The scheduling was the most difficult thing. With random assemblies, snow 
days, and trying to fit it in the right time I felt like this was speed-dating. It helped 
that you were very flexible. I couldn’t be flexible, my schedule is very regimented. So 
I could see scientist having difficulty working with teachers because of lack of 
flexibility.  
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Teacher Echo 
 

Pre-Lesson Interview 
 

Paul: I am Paul and I am here with Teacher Foxtrot. So, Teacher Foxtrot after 
looking at the lesson do you think it is possible to attempt it in your classroom? 
 
Teacher: I think it is possible some of the information, I thought might be difficult, 
but I think kids are more up for a challenge and I sometimes think I water things 
down for them and I would like to put it out as a challenge. 
 
Paul: Would you like to do the entire lesson or is there a part that you would like to 
focus on? 
 
Teacher: I think trying to do the Excel part may be difficult. We have laptops here at 
school, but out frustration with doing the technology part is that often the laptops 
don’t work. Everyone is trying to get on at the same time or passwords don’t work. I 
am little nervous about doing that part with them. But I think that with this class 
there are some that would take the information home and try it. They seem to be 
interested enough in whatever I am doing that if you throw out some key words or 
ideas, these kids all have Google and computers at home they will look it up. I was 
interested more in the information on the stars, because I didn’t realize that myself 
all about the heat factor and color.  
 
Paul: So you would like to focus more on the beginning form, like how stars are 
formed and what a star’s color tells us. Less interested in manipulating data on 
excel.  Another option would to have one computer hooked up to a projector and 
have you do some of the data stuff for the students so they can be exposed to it. 
 
Teacher: That is a good thing to know because we have a couple rooms that have 
SmartBoard and projectors and we could attempt that before I let them loose on 
their own. If I pair them up it is because some of them are afraid of messing up. 
 
Paul: Did you think the visual were helpful? 
 
Teacher: OH YEAH! They are great. From what I saw the colors look real. That is the 
one thing I think we need to do more of. This is a reason I like to stay away from the 
books because sometimes the books put a cartoon or a diagram. Students need to 
see the real thing. They need to know it is real. 
 
Paul: Do you find that your students are more visual learners or that they will listen 
to you? 
 
Teacher: I think they, and sometimes it makes me angry to say this, but they half 
listen to me at first because they know I am going to repeat it and then I always tell 
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them they have to do something where they create. There are usually visuals or 
diagrams that show them step by step what they need to. So the visual helps. 
 
Paul: Do you think the vocabulary used was at the right level for your students?  
 
Teacher: Yes, I think it was fine. I think sometimes you throw some words at them 
and if you give them long enough they can figure out what it is related to or what it 
means. 
 
Paul: There are sections you want to leave out. You want to do the non-data 
sections. One of the experiments listed is the Herschel experiment. What did you 
think of that? 
 
Teacher: I would like to do some of that because it is simpler and more hands on. I 
think it is important to let them know where this comes from. There is an 
experiment I do when we do electromagnets and there is an experiment that a guy 
invites his colleagues to his house to watch an experiment and it doesn’t work out 
right. But he writes everything down and fifty years later come to find out it did 
work the way it was supposed to. Teaching students things like that about science, 
that science can be an accident is a great thing.  
 
Paul: Have you ever had your students collect data of some kind?  
 
Teacher: Yes, whenever we do experiments they have to keep charts and a lab book 
with multiple trials to figure out the average. 
 
Paul: So what do you think is a manageable data size? 
 
Teacher: With them, I bet they could do about 20. Since I have 20 students it is good 
to give each one their own data. 
 
Paul: What learning objectives or standards would you like to meet?  
 
Teacher: I think the one I am trying to work on and get them to be more 
independent on is getting them to be more organized with their data. What is the 
important information in the data?  
 
Paul: Is this a topic you would have covered even if I had not approached you with 
this lesson? 
 
Teacher: Probably not, there is a lesson that we do on telling time and the phases of 
the Moon, but I wouldn’t have gone more into that. The reason I decided to jump on 
this is because two years in a row kids have asked about planets and if we were 
going to study them. They want to know about them, but I just haven’t had the time 
to get into it. 
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Paul: Do you use analogies often? Do you find your students learn well from them? 
 
Teacher: Sometimes, because you can refer to something that is more common to 
them.  
 
Paul: Do your students use plots? Do you think they will be able to read and 
understand plots? 
 
Teacher: I have done a little bit. I know that in their math classes they spend a lot of 
time on plots and it is on the 8th grade regents test so I know they need to get to that 
point. And some of the science stuff I do is simple bar graph and plotting points and 
not much more than that. 
 
Paul: Are there any questions you anticipate your students asking?  
 
Teacher: They may just start to ask a little bit about how many stars, are they always 
in the same spot. Or they may ask about seasons. One student today asked about a 
comet’s tail. They may ask about a meteor or comet hitting Earth. 
 
Paul: Do you know what you will be teaching right before and after this lesson? 
Where will you try and fit this into your lesson? 
 
Teacher: I was going to try and put it in the time unit. I would fit it in somewhere in 
the middle of the unit after we have talked about the Sun’s shadow, making 
calendars, making clocks, who did all that, the history of that. Studying the phases of 
the Moon then introducing planets and stars.  
 
Paul: You do teach a good bit of astronomy in your science curriculum. So you teach 
all of the sciences in your course. What is the order you normally teach them in? 
 
Teacher: The order is usually the same. I do three major units. I start with life 
science because I think it is the easiest. The second one I do is on electromagnets 
and the last one is on time and calendars and I think I picked that one because it is 
sunny out and I talk about sundials. I try tie in social studies and early civilizations. 
Throughout the year if something new or exciting comes up I try to pull it in.  
 
Paul: What would you like to see in this lesson? 
 
Teacher: Maybe if they had some easy resources for me to find to use in my lessons 
or if they had some material to share. I find it is difficult for me to go on the 
computer and find things to use. I find that it is so far above their reading level. I try 
to water it down, but then I think I may be making it too easy. I would love for them 
to come in as a guest and do a lesson with them. I am always trying to broaden my 
students’ idea of what a lesson is.  
 
Paul: Do you have any questions for me? 
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Teacher: Nope, I am just excited to see what we find and what we do.  
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Post-Lesson Interview 
 
Paul: I am here with Teacher Foxtrot for our post-lesson interview. Your initial 
impressions how do you think it went? 
 
Teacher: I think it was very interesting. I learned a lot and it helped me to do a pre-
lesson before I even start this unit on telling time and calendars because you talk 
about using the Sun or using the starts to be able to calculate time or directions. I 
think this helps bring it to the modern age and giving the students a different 
interest in stars.  
 
Paul: Is there anything in the lesson that the students found more difficult than you 
thought they would before the lesson started? 
 
Teacher: I think the only thing was the plotting of the wavelengths, because they are 
not used to plotting non-uniform numbers, but if they thought about it like in dollars 
and cents and tried to do it in .25 or .50 increments they could have gotten it. I think 
it would be something good to do with the math teacher at the same time. 
 
Paul: Would you do this lesson again? 
 
Teacher: Yes! I would definitely do this lesson again and the power point was very 
exciting. The photos and illustrations really aided the students. 
 
Paul: Do you think you would feel comfortable doing the lesson again without a 
scientist present? 
 
Teacher: I think I would. I would have to borrow the power point and look at it, but I 
feel if I read up on it I could do it. 
 
Paul: Do you see yourself trying to do this lesson next year? 
 
Teacher:  Oh yes, because it has gotten me interested. I’m wondering if I could find 
some similar things to tie into what we use in the class. There has to be plenty of 
stuff on the internet that I can draw into. Just being able to show them and I can 
envision them going home and waiting for it to get dark and looking up into the sky 
and saying I know that is a new start. 
 
Paul: What lesson do you see yourself doing before this lesson? 
 
Teacher: I think before this we would talk more about history of astronomy and 
constellations and what starts ancient people saw that we may not see now. Some 
basic astronomy. What stars can the students identify and how can they find them? I 
would like to take a field trip to the planetarium. Maybe even drawing it into some 
artistic thing to get to the students who may not have an interest in science. 
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Paul: What do you see yourself doing after this lesson? 
 
Teacher: I would like to go into instruments used in astronomy. I would like to try 
and find some websites that they could use at home that would really draw them in 
to astronomy. I want them to go behind what we just did here. I think some of them 
would even like to look up some new stars.  
 
Paul: Do you think this lesson met standards and was this lesson a useful lesson? 
 
Teacher: Yes, the graphing was very useful. They have to learn how to grab the 
material off the PowerPoint and how to interpret it. They have to interpret what 
they saw on the excel spreadsheet and graph it. 
 
Paul: Would you want to learn with local scientist in the future? Did you ever find 
this experience difficult? 
 
Teacher: Yes I would love to. I think the only difficult part was the scheduling that 
worked for both of us. I think it excites me to do something new. It motivates me to 
make a new lesson. We need to know where to go to find this new information. 
Often I don’t know if is appropriate or not or how feasible it is to do in my 
classroom. I have to read all through it then I wonder if I will spend all this time and 
the students won’t be interested. But this at least proved to me that the students are 
interested.  
 
Paul: What would make it easier for you to work with scientists? 
 
Teacher: It would be nice if there were an online database with each scientist’s 
specialty that they would like to talk to students about and a way to contact them. I 
would be happy to make the first contact, but it is difficult to find people that are 
willing and able to come to my classroom. A lot of teachers are worried about test 
scores, but you have to look beyond that. This lesson will help my students on their 
tests, but I didn’t know that until we started working together.  
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Appendix I: Adapted PowerPoint from Website Lesson 
 
 

 
 

 
Image courtesy of NASA 
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Image courtesy of NASA 

 

 
Imagine courtesy of Cool Cosmos, CalTech, and IPAC 
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Imagine courtesy of Cool Cosmos, CalTech, and IPAC 
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Retrieved from 

https://upload.wikimedia.org/wikipedia/commons/a/a2/Wiens_law.svg 
 

 
Image by Mark McCaughrean at the Astrophysikalisches Institut Potsdam 
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Appendix J: Adapted Data from Website Lesson 
 

 
 

ra dec 1.25 1.65 2.17 3.40 4.60 12.00 

246.931005 -24.556655 235.33597 1450.44063 3347.57607 3350.55521 2540.91593 449.414977 

246.940995 -24.497887 281.37682 973.419309 1457.23789 1143.71226 815.436778 482.871129 

246.942769 -24.528041 4665.3939 13399.8506 15711.9893 18806.8811 19115.7039 8259.30724 

246.951987 -24.530711 332.72721 1493.8258 2407.30133 1704.18516 1338.41346 943.415294 

246.976864 -24.495654 87839.189 102967.45 77469.4469 48296.6245 22150.8449 10127.5154 

246.97986 -24.499197 11274.267 28807.1276 36301.9919 25369.7845 17257.9933 6413.61539 

246.980213 -24.477712 9720.4936 23610.2158 27235.2064 35183.54 28671.2012 3862.67504 

246.983857 -24.451548 719.26399 1639.45672 2069.80988 1628.98385 1036.07286 278.367781 

246.991103 -24.600585 1136.8111 6550.88472 12334.7529 9942.98486 7638.18715 2681.03765 

246.991215 -24.630256 11536.878 58600.3158 99983.988 88128.5812 61403.0997 10315.8 

246.99835 -24.615478 482.26786 1343.6927 1811.05006 1225.50977 893.285523 484.244309 

247.017152 -24.452484 423.53404 964.494947 1006.30691 741.168201 535.291436 297.486693 

247.030937 -24.465041 3136.8107 6302.31283 5887.4937 3633.42984 2048.28458 1565.67967 

247.038857 -24.483945 374.35903 796.342614 877.264298 572.686279 371.698061 212.56723 

247.044061 -24.492523 3945.3753 7136.74134 7290.04913 4441.3682 2576.26359 2768.87221 

247.057104 -24.527548 897.19804 1062.26384 1369.38423 1505.77812 1423.60759 860.915409 

247.057464 -24.547112 18386.045 45279.3263 61028.1851 70853.0234 64423.9796 48652.2481 

247.059716 -24.636135 754.55051 1822.63605 2434.05538 1849.76594 1295.95612 854.185713 

247.06865 -24.510472 249.16573 526.138348 502.030907 426.497783 229.187167 149.408756 

247.068792 -24.616176 47828.671 94776.3451 125178.705 150534.883 175436.334 127732.941 

247.069383 -24.482807 678.09153 1140.51226 971.69609 521.815263 264.113315 171.42361 

247.076196 -24.550323 5787.4642 12656.1017 13903.7021 8149.23381 4837.15825 2311.54798 

247.080737 -24.531145 782.14688 1170.30741 1138.49324 669.139671 387.070698 248.61289 

247.093469 -24.523502 3575.101 4892.15216 4300.61391 2387.35376 1367.06856 974.121344 

247.108649 -24.481202 962.25088 1346.17015 1215.43141 740.485874 403.079114 241.57096 


