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EXPEDITION EARTH AND BEYOND (EEAB) 
STUDENT SCIENTIST GUIDEBOOK 

Teacher Guide 
 

 
Goal:  The goal of the Expedition Earth and Beyond Student Scientist Guidebook is to 
provide students with an inquiry-based approach to conducting a student-led research 
investigation in the classroom.  
 
Objectives:  Students will: 
1. Be introduced to important aspects and steps involved in the process of science. 
2. Initiate and complete a research investigation including: 

• Identifying a preliminary question 
• Making initial observations 
• Conducting background research 
• Creating an experimental design 
• Collecting and compiling data 
• Creating and making observations of data displays  
• Analyzing and interpreting data 
• Drawing conclusions 
• Sharing research 

 
Grade Level:  5 – 12 
This resource can be used across a wide range of grade levels.  Depending on the 
grade level of your students, you might consider the following: 

a) The complexity of student questions will vary based on grade level.  Students in 
lower grade levels may likely ask more concrete questions.  Older students 
should be encouraged to ask more complex questions. 

b) The variety of sources used to answer a student investigation will vary based on 
grade level.  Students in lower grade levels may ask questions that use only one 
or two sources of data.  Older students should ask questions that require more 
than 1 source of data to answer their question. 

c) Time dedicated to class discussions will vary based on grade level.  For younger 
students, you may dedicate more time to class discussions.  Older students 
should be able to work more independently on their research; however, you are 
still encouraged to have class discussions ensuring an understanding of each 
step within the process of science.   

d) Data displays options chosen may vary based on grade level.  Students in higher 
grade levels may chose to include more complex data displays to analyze. 

e) Analysis and interpretation of data will vary based on grade level.  Younger 
students will likely have a more concrete analysis of their data, whereas older 
students may be able to demonstrate more abstract thinking within their analysis. 

Depending on the grade level and abilities of your students, be flexible and sensitive to 
your students’ needs as they work to understand each step of their investigation. 
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Time Requirement:  ~15 class periods minimum 
 
Materials:  

Resource Notes About Resource Thumbnail of Resource 
 

Expedition Earth 
and Beyond 
Student Scientist 
Guidebook 
 

 

Recommended to provide one Guidebook per student 
or one per group of ~4 students.  As your students use 
the Guidebook they will need periodic access to 
computers. 

 

 

Expedition Earth 
And Beyond 
Student Scientist 
Guidebook 
Teacher Guide 

 

Teacher Guide provides information on the overall goal 
and objectives of the Student Scientist Guidebook as 
well as alignment to standards and helpful planning 
resources.  Helpful planning resources integrated as 
part of this Teacher Guide include:   
 
 
• Snapshot Guide to Using Expedition Earth and 

Beyond Student Scientist Guidebook and 
Resources:  This snapshot view will give you a 
comprehensive view of suggested steps and 
procedures to use as your incorporate a student-
led investigation in your classroom.    

 
 
 
• Supplemental Student Scientist Guidebook 

Presentation:  This supplemental presentation 
includes every page of the Student Scientist 
Guidebook and Model Investigation with 
accompanying teacher notes for each slide and 
step of the process.  You may chose to use this 
presentation with your students to help guide your 
class discussions, and/or use the notes provided to 
help guide you through the use of the Student 
Scientist Guidebook.   

 

 
 
Additional Useful Resources: 

Resource Notes About Resource Thumbnail of Resource 
 

Launchpad 
Activities 
 

 

These are inquiry-based optional activities to use with 
your students that give your students experience 
working with astronaut images.  Examples of 
Launchpad activities include the Spheres of Earth 
Activity and the Blue Marble Matches Activity.  
Launchpad activities are available at:  
http://ares.jsc.nasa.gov/ares/eeab/curricularmaterials.cfm 

 

Part of Teacher Guide.  Includes 
teacher notes and can be shown 
as a presentation. 

http://ares.jsc.nasa.gov/ares/eeab/curricularmaterials.cfm�
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Expedition Earth 
And Beyond 
Student Scientist 
Guidebook 
Introduction 

 

This presentation provides an introduction to important 
aspects of student-led research and an overview of the 
9-step process of science students will use as they 
conduct their research investigation. 

 

 

Student 
Scientist 
Guidebook 
Model 
Investigation 

 

This Model Investigation steps through a full example 
research project students can use as a guide to their 
own investigation.  Additionally, pages from the Model 
Investigation are included in the Supplemental Student 
Scientist Guidebook Presentation, provided as part of 
this Teacher Guide. 

 

 
Standards:   
The following standards are addressed with the Expedition Earth and Beyond Student 
Scientist Guidebook Introduction, Model Investigation, and the Student Scientist 
Guidebook itself.  The degree in which these standards are met depends on the 
research topic, question, experiment design, and data analysis techniques used. 
 
National Science Standards: 

• CONTENT STANDARD A:  Science as Inquiry 
• CONTENT STANDARD D:  Earth and Space Science   
• CONTENT STANDARD G:  History and Nature of Science 

 
Content Standard A: Abilities Necessary to Do Scientific Inquiry 

• Identify questions that can be answered through scientific investigations. 
• Design and conduct a scientific investigation. 
• Use appropriate tools and techniques to gather data and extend the senses. 
• Develop descriptions, explanations, predictions, and models using evidence. 
• Think critically and logically to make the relationships between evidence and 

explanations. 
• Recognize and analyze alternative explanations and predictions. 
• Communicate scientific procedures and explanations. 
• Use mathematics in all aspects of scientific inquiry. 

 
Content Standard D: Structure of the Earth System 

• Landforms are the result of constructive and destructive forces such as crustal 
deformation, volcanic eruption, deposition of sediment, weathering, and erosion. 

• Global patterns of atmospheric movement influence local weather. 
 
Content Standard D: Earth’s History 

• The planet’s history is influenced by occasional catastrophes such as the impact 
of an asteroid or comet. 
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Content Standard D: Earth in the Solar System 
• The Earth is the third planet from the Sun in a system that includes the Moon, the 

Sun, eight other planets and their moons, and smaller objects, such as asteroids 
and comets. 

 
Content Standard G: Nature of Science 

• Science distinguishes itself from other ways of knowing and from other bodies of 
knowledge through the use of empirical standards, logical arguments, and 
skepticism, as scientists strive for the best possible explanations about the 
natural world. 

• Scientific explanations must be consistent with experimental and observational 
evidence about nature, and must make accurate predictions about systems being 
studied. They should also be logical, respect the rules of evidence, be open to 
criticism, report methods and procedures, and make knowledge public. 

• All scientific knowledge is subject to change as new evidence becomes available. 
 
Content Standard G: Science as a Human Endeavor 

• Women and men of various social and ethnic backgrounds engage in the 
activities of science. 

• The work of science relies on basic human qualities, as well as on scientific 
habits of mind. 

• Scientists do and have changed their ideas about nature when they encounter 
new experimental evidence that does not match their existing explanations. 

 
NCTM Principles and Standards:  Content Standards 

• Number and Operations 
• Patterns, Functions, and Algebra 
• Geometry and Spatial Sense 
• Measurement 
• Data Analysis, Statistics, and Probability 

 
NCTM Principles and Standards: Process Standards 

• Problem Solving 
• Reasoning and Proof 
• Communication  
• Connections 
• Representation  

 
Common Core State Standards: Mathematical Practices 

• Make sense of problems and persevere in solving them. 
• Reason abstractly and quantitatively. 
• Construct viable arguments and critiques the reasoning of others. 
• Model with mathematics. 
• Use appropriate tools strategically. 
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• Attend to precision. 
• Look for and make use of structure. 
• Look for and express regularity in repeated reasoning. 

 
Common Core State Standards: Content Standards  

• Ratios and Proportional Relationships 
• The Number System 
• Expressions and Equations 
• Functions 
• Geometry 
• Statistics and Probability 

 
Geography Standards: 

• The World In Spatial Terms 
• Places and Regions 
• Physical Systems 

 
Technology Standards:   

• Basic Operations and Concept 
• Social, Ethical, and Human Issues 
• Technology Productivity Tools 
• Technology Communication Tools 
• Technology Research Tools 

 
Useful Websites: 
• Expedition Earth and Beyond: http://ares.jsc.nasa.gov/ares/eeab/index.cfm  
• Expedition Earth and Beyond Student Wiki:  http://eeabstudents.wikispaces.com  
• Expedition Earth and Beyond Teacher Wiki:  http://eeabteachers.wikispaces.com  
• Gateway to Astronaut Photography of Earth:  http://eol.jsc.nasa.gov  
• Additional links to Useful Websites are resources available at:  

http://ares.jsc.nasa.gov/ares/eeab/resources.cfm 
• NASA Earth Observatory:  http://earthobservatory.nasa.gov  
• MY NASA DATA:  http://mynasadata.larc.nasa.gov/ 
• Open NASA Data:  http://data.nasa.gov/  
 
Printing Alternative: As your resources permit, you can download the PDF of the 
Expedition Earth and Beyond Student Scientist Guidebook on your student computers 
and have students fill in answers to questions, save their work, and continue each day 
without printing anything. You will need to have a program that will enable this. One 
recommendation is FoxIt.  FoxIt allows you to open PDFs, type in answers, and save 
your work. It is a free download available at: http://www.foxitsoftware.com/pdf/reader/. 
You may want to check to make sure documents save correctly before students finish 
their work. Adobe reader will not save typed in work. Other alternatives may be 
available. 

http://ares.jsc.nasa.gov/ares/eeab/index.cfm�
http://eeabstudents.wikispaces.com/�
http://eeabteachers.wikispaces.com/�
http://eol.jsc.nasa.gov/�
http://ares.jsc.nasa.gov/ares/eeab/resources.cfm�
http://earthobservatory.nasa.gov/�
http://mynasadata.larc.nasa.gov/�
http://data.nasa.gov/�


 National Aeronautics and Space Administration 
 
 

Expedition Earth and Beyond: Astromaterials Research and Exploration Science (ARES) Education – Version 3.0 
NASA Johnson Space Center 

 

Introduction and Background 
The Expedition Earth and Beyond program is designed to promote authentic research 
investigations in the classroom using NASA data and resources.  The program utilizes 
astronaut photographs as a hook to get students interested in conducting a research 
investigation.  Students and teachers have a range of activities in which to participate, 
all of which are designed to promote STEM-literacy in the classroom.   
 
Students can participate in any or all of the following opportunities: 

1. Complete one or more stand-alone, hands-on activities (referred to as a 
Launchpad Activities).  Launchpad activities are designed to expose students to 
astronaut photographs in order to help them gain an interest in a feature to focus 
on for a student investigation project.   Launchpad activities are available at:  
http://ares.jsc.nasa.gov/ares/eeab/curricularmaterials.cfm  

2. Conduct a student-led research investigation about Earth (or planetary body 
comparison) using astronaut photos as one source of data.  The Expedition 
Earth and Beyond Student Scientist Guidebook is the main resource used 
to help guide students through such an investigation. 

3. Get input from a mentor as they progress through their research.  Student teams 
working as one class can get partnered with a mentor who will provide 
comments, input, and suggestions on student research as they step through the 
process.  Mentor communication takes places through the use of a Team 
Workspace Wiki (See details below on the Expedition Earth and Beyond 
Wikispaces). 

4. Submit a Data Request Form to have a new image of Earth acquired by an 
astronaut onboard the International Space Station (ISS).  Classes working as 
one team can submit a data request however, if there are multiple small groups 
conducting research in one class, only one request per class can be submitted. 

5. Share/present student team research to scientists and potentially other 
participating student teams across the nation.  Students can do this by either 
posting their research on the Team Workspace Wiki and/or presenting their 
research “live” to scientists.  

6. Participate in distance learning Classroom Connection Webinars to build 
background knowledge and connect with NASA and university scientists.  
Information about Classroom Connection Webinars are posted at:  
http://ares.jsc.nasa.gov/ares/eeab/DLE.cfm  

 
 
Expedition Earth and Beyond Wikispaces 
Wikispaces is a proven leader in providing free wiki services to thousands of schools 
across the country and around the world.  The Expedition Earth and Beyond program 
has three Wikispaces areas, each designed for a specific purpose. 
 

• EEAB Student Wiki:  http://eeabstudents.wikispaces.com 
This wiki is designed to provide helpful information for students conducting 
research through the Expedition Earth and Beyond Program.  This page can be 
accessed by anyone. 

http://ares.jsc.nasa.gov/ares/eeab/curricularmaterials.cfm�
http://ares.jsc.nasa.gov/ares/eeab/DLE.cfm�
http://eeabstudents.wikispaces.com/�
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• EEAB Team Workspace Wiki:   
http://eeabstudents.wikispaces.com Team Workspace Links (listed on the 
menu bar on the right side of the page).  This wiki, available from the EEAB 
Student Wiki site, is designed to provide an optional Team Workspace for each 
participating team.  This Team Workspace Wiki area provides a place where 
students can post the progress of their research as they step through the 9-step 
process of science modeled in the EEAB Student Scientist Guidebook.  Classes 
participating as one team will have the opportunity to work with a mentor through 
the discussion area of their Team Workspace Wiki.  Most Team Workspace 
Wikis can be viewed by anyone, but can only be edited by the teacher and any 
students with logins and passwords.  Teachers can request logins and 
passwords for students.  Participation in the discussion section of the wiki is also 
limited to those with a login and password.  This includes the teacher, mentor, 
and any students with login privileges.  A private Team Workspace Wiki is 
available upon request.  A private wiki would be viewable only by those with login 
privileges.   

 
• EEAB Teacher Wiki:  http://eeabteachers.wikispaces.com 

This wiki is designed to provide a place for teachers participating in Expedition 
Earth and Beyond to ask questions, post comments, suggestions, ideas and/or 
communicate with other teachers.  This wiki also has other resources you might 
find helpful as you participate in the program.  This page can only be accessed 
by teachers who are members of this wiki.  To join this wiki go to 
http://eeabteachers.wikispaces.com, create a username and password, and click 
join.  Once your request is received, you will be granted access to this wiki. 

 
 
STUDENT SCIENTIST GUIDEBOOK TEACHER GUIDE AND PROCEDURES 
This Teacher Guide is designed to provide you with information to help you best utilize 
the Expedition Earth and Beyond resources to help facilitate student-led research in 
your classroom and allow you to see the alignment to Content Standards.  Additionally, 
this guide provides suggested procedures to use with your students as they conduct 
their research investigation.  You are encouraged to revise procedures as you see fit for 
your level of students.   
 
To help you plan for your implementation of the Expedition Earth and Beyond resources 
and your student team investigation, there are two key remaining components that 
make up this Teacher Guide.  They include the following: 
 

1) A Snapshot Guide to Using the Expedition Earth and Beyond (EEAB) Student 
Scientist Guidebook and Resources:  This document gives you a one-page 
overview of activities, resources, suggested time frames, and helpful hints for you 
to consider as you participate in Expedition Earth and Beyond.  Time frames can 
vary depending on the needs of your students. 
 

2) Supplemental Student Scientist Guidebook Presentation:  This presentation 
includes slides of each page from the Expedition Earth and Beyond Student 

http://eeabstudents.wikispaces.com/�
http://eeabteachers.wikispaces.com/�
http://eeabteachers.wikispaces.com/�
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Scientist Guidebook and Model Investigation for you to use to facilitate 
discussions with your students as you see fit.  This presentation includes the 
following components: 

a. An overview of important aspects and main goals of each step within the 
modeled 9-step process of science 

b. Screen shot of every page from the Student Scientist Guidebook 
c. Screen shot of every sample page from the Model Investigation 
d. Team Workspace Wiki Suggestions 
e. Presentation notes written as suggested teacher procedures 

 
There are 9-steps in the process of science, as modeled in the Expedition Earth and 
Beyond Student Scientist Guidebook.  Those steps are as follows: 

• Step 1:  Preliminary Question 
• Step 2:  Initial Observations 
• Step 3:  Background Research 
• Step 4:  Experiment Design 
• Step 5:  Collect and Compile Data 
• Step 6:  Display Data 
• Step 7:  Analyze and Interpret Data 
• Step 8:  Draw Conclusions 
• Step 9:  Share Research 

 
You are encouraged to have your students complete an investigation focusing initially 
on an aspect of Earth, however, students can also use the Student Scientist Guidebook 
to conduct a planetary comparison investigation.  Students conducting a planetary 
comparison investigation should be sure to conduct background research to gain an 
understanding of the feature and related process on Earth.  This will allow them to apply 
that knowledge as they conduct their planetary investigation.   
 
TIPS FOR USING THE STUDENT SCIENTIST GUIDEBOOK PRESENTATION 
To help you utilize the Supplemental Student Scientist Guidebook Presentation with 
your students, and benefit from the Teacher Notes provided, use the following helpful 
hints:   (Note:  Hints shown for Adobe Acrobat Reader X.) 
 
A. Showing the PowerPoint/PDF presentation in full screen mode:  Utilize this 

option when sharing this presentation with 
your students.   
 
To view this document in full screen mode 
follow these three easy steps: 

a. Select “View” from the top menu bar. 
b. Select “Full Screen Mode” 
c. Use your arrow keys to move through 

the “slides” 
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B. Viewing the Teacher Notes: 

Notes and teacher suggestions for each step and page of the presentation are 
provided to help you prepare your implementation of the Guidebook with your 
students.   

• To view the Presenter notes click on the “Comment” button in the upper right 
hand portion of the page. 

• Use the scroll bar on the right to view notes from other pages. 
• Use the “+” symbol in the upper right hand portion of the Presenter notes to 

view the complete notes from that page.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
As you get your students actively involved in NASA exploration, discovery and the 
process of science, through their participation in Expedition Earth and Beyond, we look 
forward to hearing from you on the EEAB Teacher Wiki and watching your students 
conduct their research on their optional Team Workspace Wiki or by sharing or 
presenting their research to university and NASA scientists.   

scroll bar 

“+” symbol 



 

 
  

 
 

   

 
   

 
 

 

 

 

 
 

 

 

 

 

 

 

 

 
 

   

 
   

  

 

 

  

 

 

 
 

 
 

 
 

  

 

 

 

 

 

 
              

 

 
 

  

 

   

 

 

  

 
            

                    A SNAPSHOT GUIDE TO USING THE EXPEDITION EARTH AND BEYOND (EEAB)                             
STUDENT SCIENTIST GUIDEBOOK AND RESOURCES 

Activity/Resource Main Objective(s) 
Suggested 
Amount of 

Time 
Helpful Hints 

Launchpad Activities 
Give students exposure to working with 
astronaut images to help spark interest in a 
topic to further investigate. 

3-5 class 
periods per 

activity 

Depending on how much time you have, some optional activities to use with your students include the 
Spheres of Earth Activity, the Blue Marble Matches Activity, or other launchpad activities to give your 
students experience working with astronaut images. 

Student Scientist 
Guidebook (SSG) 
Introduction 

Provide an introduction and overview of the 
9-step process of science. ~30 minutes Discuss information included in Student Scientist Guidebook Introduction PowerPoint/PDF presentation. 

Student Scientist 
Guidebook Model 
Investigation 

Provide a model investigation that can be 
used to help guide students through their 
own investigation. 

n/a 

Pages from the Model Investigation are included in the Student Scientist Guidebook "slides".  Feel free 
to use the sample "answer" pages from the model to help your students know how to approach any 
given section of the Student Scientist Guidebook.   Students can also independantly use or reference 
the model investigation as a guide. 

Student Scientist 
Guidebook (SSG) - Step 
1:  Preliminary Questions 
(pp1-7) 

Guide individual groups to create a 
preliminary question to further investigate. 

~30-45  
minutes 

Organize students into small groups of 4-8 students to explore potential research questions the class 
can investigate.  Keep in mind that by the end of Step 2, students will want to convince the rest of the 
class that their question should be the focus of the team investigation. 

SSG Step 2:  Initial 
Observations 
(pp8-17) 

List sources where students can find 
astronaut photos. 

~3 class 
periods 

Two sources are provided.  Students can list others if known. 

Help students consider what data and 
observations you will log. Fill-in-the-blank statements are designed to help students think about what data they should collect. 

Have students create an initial data table. Each student group should create a data table to collect data/log initial observations related to the 
preliminary question. 

Have students log initial observations. Pairs of students should log information for 2-3 images.   Students can use sources listed in the 
guidebook or use hard copy images you may have available in class. 

Help students formulate a hypothesis. Students should base their hypothesis on a discussion of observations logged and indicate other 
information that may support their hypothesis. 

Allow students to discuss and debate the 
team research question. 

At the end of this step, student groups will try to convince their classmates that their preliminary 
investigation question should be the question the class focuses on as a team.  Once a single team 
investigation question is selected, make sure all team members discuss and create a blank data table 
for data collection. 

SSG Step 3: 
Background Information                  
(pp18 -24) 

Gather basic background research and 
information. 

~2-3 class 
periods 

Review the importance of building on existing knowledge and keeping track of sources.  It is 
recommended to divide students into 6 groups to log information from questions 1-6.  As students 
answer questions, they should keep track of any sources used.  Once students finish answering their 
assigned question, they should collect and log data.  By the end of this step, students should report out 
their information to the class so everyone can be aware of the information gathered.  You might choose 
to do this during 1 class period. 

Log bibliographical and summary 
information from each source. 

Continue to collect and log data. 

SSG Step 4:  Experiment 
Design (pp25-29) 

Finalize the team research question. 

~1 class 
period 

Students should consider adjusting or refining their resarch question.  Discuss potential refinements and 
finalize the team's research question as a class.  Students should also list their hypothesis along with 
specific observations and other knowledge that supports their hypothesis.  Discuss Experiment Design 
(Methods) questions as a class to help finalize the research plan.  Lastly, make sure students continue 
to log bibliographical information from each source used as part of the research. 

Finalize the plan on what data to collect and 
where students will gather that data. 

Make sure everyone logs data consistently. 

SSG Step 5:  Collect and 
Compile Data (pg30) 

Finalize the data collection table(s) and 
have team members collect data. 

~1-2 class 
periods 

Identify a couple of student volunteers to compile all team data into a master data table(s).  It is 
recommended to create an Excel or GoogleDocs spreadsheet of the data.   As data is getting compiled 
on a master data table(s), other students can continue to gather and log additional data and/or look for 
areas to request as new data from the International Space Station.  Consider asking students to come 
up with areas they would like to have imaged by astronauts onboard the International Space Station for 
homework.  At some point, students should present image request options to the class and decide 
which 2 options should be included on the Data Request Form . 

Collect and compile all data into one master 
data table(s).  (Make sure data is logged 
consistently!) 

Decide what new data students might want 
to request and fill out and submit a Data 
Request Form (1 request form per class). 

SSG Step 6:  Display 
Data (pp31-44) 

Decide on the different ways to display 
collected data. 

~2-3 class 
periods 

Display the team research question and hypothesis in the front of the room.  Students should focus on 
their question and hypothesis and then decide on ways to display their data.  It will also be useful if each 
student/student group is provided with a copy (hard copy and/or access to an electronic copy) of the 
master data table(s) created.  Students will complete 3 parts in this step: 1)Decide on ways to display 
their data, 2)Create their data displays, and 3) List observations of each data display. 

Create data displays. 

List observations of data displays. 

SSG Step 7:  Analyze 
and Interpret Data (pp45­
48)

Examine observations from each data 
display. 

~3 class 
periods 

Students should have access to all data displays and the observations listed for each data display as 
they fill out the Analysis and Interprepation of Data tables on pages 46 and 47.   They should list specific 
observations, describe how that observation can be interpretated with respect to their question, and 
provide additional evidence that supports the interpretation. 

Make interpretations of those observations 
(how observations relate to and help 
answer the question). 
Have specific evidence from the data 
displays or background knowledge that 
supports student interpretations. 

Consider potential errors, inaccuracies, 
misinterpretations or limitations of data. 

Students should reflect on their research and list potential errors, inaccuracies, misinterpretations or 
limitations of data. 

SSG Step 8:  Draw 
Conclusions 
(pp49-50) 

Restate the team research question and 
answer it. 

~1-2 class 
periods 

Students should consider the analysis of their data and overall research to determine an answer to their 
question as well as indicate whether their hypothesis was supported or refuted.  Students should 
summarize pertinent evidence. 

Restate the team hypothesis and indicate 
whether it was supported or refuted. 

Consider what new research could be 
conducted based on the team investigation. 

It is always important to consider future research that could be conducted.  Students should list their 
thoughts and ideas. 

Acknowledge those that helped you through 
this research. As part of any research, it is important to acknolwedge those who provided support or assistance. 

THE BEYOND (pg51) Planetary Comparison Options ~15 minutes Discuss planetary comparison options for research. 

SSG Step 9:  Share 
Research & Stepping 
Into Your Future            
(pp52-54) 

Share research with others. As time 
permits 

Your students can share their research with others in their school, finish logging their research 
information on their Team Workspace Wiki, or they can present their research to NASA scientists.  As 
their research comes to a close, students should also reflect on skills obtained throughout their research 
that will help them in the future. 
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Presenter
Presentation Notes
This first page of text in the Student Scientist Guidebook provides students with an overview of how they are about to begin an expedition of conducting research and getting actively involved in NASA exploration, discovery, and the process of science.

The text continues with an overview of the process of science.  Read this together with students then proceed to the next slide.



  PROCESS OF SCIENCE
 
9-Step Model 


Presenter
Presentation Notes
This slide shows a larger view of the graphic that illustrates the 9-step process of science (shown on the previous page).  Details on each step are provided in more detail on the next 2 slides.



  PROCESS OF SCIENCE • 
L--';~~~;~~~~g~~~~~~~~ie~"gCearedescribed below: 

STEP 1: Preliminary Question I All science begns with observatims that lead to a Questim. This 
preliminary Question evolves from your observations, ideas, or prior knowledge and curiosity you may have 
about a particular topic. This helps drive what you want to investigate_ 

I STEP 2: Initial Observations ) You ITlJst make initial observatims am formally log data to fig.Jfe rut 
whatdetailsor characteristicsol a leature(s) you may be interested in investigating. These observations will 
help you reline your Question and formulate an initial hypothesis_ 

I STEP J : Background Research ) Backgrrund research from books, scientific joomals, magazines, the 
internet, or scientists is essential to help you understand what is already known about what you may be 
researching. H is important to keep track 01 sources you use as part 01 your research so you can cite them 
appropriately. 

I STEP 4: Experiment Design I With yoor developing knowledge and observatims, yoo will likely adjJst 
and refine your preliminary question. Once you "finalize" your Question, you must decide on a strategy to 
answer your question. This strategy includes a list of steps or methods to gather data consistently. This is 
called an experimental design. 

( STEP 5: Collect and Compile Dab! I Collecting and compiling data is extremely important You must 
make sure everyone is logging the same data and recording it consistently. Once team members have 
collected data, it needs to be compiled so all the data can be displayed and later analyzed. The more data 
you have, the better your conclusions. 

Presenter
Presentation Notes
Briefly review with students each step in this 9-step process of science.  Let students know the guidebook will guide them through each of these steps as they conduct their research investigation.  

This slide overviews steps 1 – 5.  



  PROCESS OF SCIENCE • 
I STEP 6: Display Dab! I Displaying yoor data helps yoo organize it Data can be displayed in tables, in 
graphs, on maps, or even as annotated or captioned image illustrations_ General observations 01 data 
displays help you think about general trends the data are showing. 

I STEP 7: Analyze & Interpret Dab! I Using the knONledge yoo have gained, along with observations 
Iromyour data displays, you will be able to analyze your data_ This will help you interpret or make senseol 
what the data mean and how it applies to your question and hypothesis_ 

I STEP 8: Draw Conclusions I Once you have analyzed your data you will be able to draw conclusions_ 
This includes answering your question as well as deciding if your hypothesis was supported or reluted_ 

I STEP 9: Share Research I Publishing or presenting }«Jr science research (even to yoor classmates) is 
an extremely important part 01 science_ Sharing your discoveries will allow others to learn from and build on 
your previous research _ 

Your contributions to science and the implications of your research can help drive future work that needs to be done_ 
Your research will likely spark new Questions you or someone else may want to investigate_ New knowledge helps drive 
new science_ Science is ongoing and continual as shown in the model of the process of science on page 3_ 

As you conduct your investigation, be sure to always focus on your scientific question_ This question must drive every 
aspect of your research as you go through the process of science_ 

Presenter
Presentation Notes
Briefly review with students each step in this 9-step process of science.  Let students know the guidebook will guide them through each of these steps as they conduct their research investigation.  

This slide overviews steps 6 – 9.  



  

  
     

     
      

    

  
 

  

STEP 1:
 
Preliminary Question
 

IMPORTANT ASPECTS OF STEP 1: 
•All science begins with observations that lead to a question.
 

•This preliminary question evolves from your observations,
 
ideas, or curiosity you may have about a particular topic.
 

•Your prior knowledge, along with preliminary observations, 
and curiosity drive what you want to learn. 

MAIN GOAL OF STEP 1: 
1. Within your group, decide on a final preliminary question to 

investigate. 

Presenter
Presentation Notes
TEACHER SUGGESTIONS:
Approximate time frame to complete Step 1:  ~30-45 minutes
Grouping Suggestion:  It is recommended to organize your students into groups of 4-8 students.  Having students work in groups of 4-8 will enable them to actively participate as they brainstorm.   Larger groups (groups of 8) will allow you to monitor groups more carefully and will also cut down on the number of groups within the class that will have to debate the final research question the class will focus later as a whole team. 
Other Teacher Notes:   It is recommended to eventually have the entire class working on 1 research project as an entire team.  This will enable your class to be partnered with a mentor who will help provide feedback and comments as the students conduct their investigation.  By having small groups complete Steps 1 and 2, they can initiate a potential research project that they can later try to convince the class as a whole, is worth working on as a team.  Each group will have the opportunity to create a preliminary question (Step 1), make initial observations (Step 2) and get a feel for what can or can not be researched using astronaut photos as part of their data collection.  These initial steps will allow students to build a case to convince the rest of the class that their question and topic is worth further investigating and is “doable”.  Near the end of Step 2, students will have the opportunity to discuss and debate their question and initial research plan.  By going through this process early (Steps 1 and 2), student groups will not feel as though they invested an enormous amount of time and effort initiating a potential research plan, but will have gained helpful knowledge and experience that will pay off for the team in the end.   

If you decide to have multiple mini-groups within your class working on multiple investigations, you can still obtain a Team Wiki page for each team, but teams will not be assigned a mentor.  

*************************************************************************************
TEACHER NOTES STEP 1:
At the beginning of each step of the process, it’s a good idea to go over the important aspects and the main goal of each step.  This will give students an overview and preview of what they will focus on for each step within the process of science as they conduct their investigation.    



   
     

STEP 1: Preliminary Question
Beginning the Process of Science: Conducting Your Research 

• 
STEP 1: Prelimin(lry Question I 

E ... eryone observes lind lellms from per50,'1lI1 e~~rience5 _ BlIsed on )'our e~enoes, in the 5Pl'oe below, 
Iii : "h~t you mlil~' kIlO ..... ilbout itudying f\;I atur<i5 on E~ flh with ifTlil91i1 5 tillkliln from tipiICIiI. 

Discuss the Information ~ou listed '.'11th your group. Based on ~'OUf group discussion, " II out the table 0010\'1. List tlu ee 
specific feJtures you th ink \\oO uld be interesting to study. the aSsociated Earth System (b:ospllere. atmosphere. 
h)idro5phere or gec~ ith05phere ) and de~cribe or lisla specific a5pect or ch~r~cteristic of e.'Ich li5ted fe~tufe 

Feature Earth System 
Dilscribfi Of' I ist ill specific iII lilWct or chlilfllclvrilitic of thi i I~iltu rw 

that you lind Interesting, 

Coe:t\ or c.-t' .. :lIl<yon<I: M_I:>Ro.en lo '"'" C~~Wl(()) (_"" - Vo-.io"» .O 

twI.'o J. lm"" 3<oo<e Cern". 

Presenter
Presentation Notes
TEACHER NOTES STEP 1:  Preliminary Question (Student Scientist Guidebook (SSG) page 6)
Give students ~5 minutes to individually think about and log information on what they may know about studying features on Earth with images taken from space at the top of the page.    Discuss this as a class to help students gain insight from each other’s prior knowledge.  Following this discussion, give students a time limit (~20-30 minutes) to complete the rest of the information on pages 6 and 7 of the Student Scientist Guidebook in their groups. 

Encourage students to think about the Spheres of Earth and Blue Marble Matches activities they may have previously completed or prior knowledge they may have as they fill out the table at the bottom of page 6.  Students should discuss their ideas together and log information in their own guidebooks.  

Use page 6 from the Model Investigation  as a sample as necessary (see next slide).



   
     

STEP 1: Preliminary Question
Beginning the Process of Science: Conducting Your Research 

• 
I STEP 1: Preliminary Question ) 

EY9f)'Of"I8 observes and learns from personal experiences. Based on yr:u experiences, in the space below, 
lis! v.tI3t you may know about studying Ieatlns on Earth wilt! images 13ken from space. 
You can see the cIftereoce betWeen inhabited areas am naI\raI areas because t1 regular shapes in inhabited 
,~ 

You can teIllhe diIT«ences in tile 00pIh t1 water based on Ihe cdor t11he water. I..l!lIK I*Je water is usually 
~. The Itrterlhe 1*Je, !he deeper !he water. 8rt.Mn,!;Jeen, Ofyeiow CXIII:r.; i1t1le water are U!iU3ttd.Je to 
sediill,ds arJdIor oroantt matter in !he water 

Vvte1 )'OJ use <iIIert!nt lenses on !he carTlI!r.I. )'OJ IJ!!l very lMferent view.:; t1 the !iUf;K;e_ Lorr"er focaIlengIh 
lenses shoW small areas LWl dose. ShofIer1oca11enQtt11enses sIlowlarge areas in less detail. 

Discuss the infoonation you listed with yow group. Based on yow group disalSSion, fill out the table below. List three 
specific featl.reS you think wcUd be interesting to study, the associated Earth System (biosphere, atmosphere, 
hydrosphere, orgeol\ittr)spher) and describe or ~st a specific aspect Of di;Yacteristic of each listed feature_ 

F ..... Earth System Describe or list a specific HfMtd or characteristic of this featwe. 

I.:::~--------t~:, :~~":.~-----j--:.~ 
• 

• 
Hydullpheoe • 

• 

~o;~;;;;.~~;;---------t:::::;---i--:-· Beaches along a:wIIii es · ~d""""_ 
! ...-, u m_1Ily<tIC ____ ! _ _(NIl!SJf _-_U , 

HMA_s,..c_ 

Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 



   
     

STEP 1: Preliminary Question
Beginning the Process of Science: Conducting Your Research 
Preliminary Questions: Based on yeti" group discussion, aeme a preliminary question for each feature of interesl you 
isted. Be SlXe to focus yeti" qll9Stions on a specific asped or characteristic of that feallwe that can be obs.erYed in 
asIronaut F*........,,<4J!IS. 

• 
F~ 1 : ______________ ___ ~~sticof~Ilwe: ____________________ __ 

Q'eSIicn: ______________________________________________________ _ 

Feature 2: ______________ ___ AspecVO\;r.)d~slic of fe3hnt: __________________ _ 

0Jesti00: ------------------------------------

Feature 3: ________________ _ AspecVO\;r.)d~slic of fe3hnt: ____________________ __ 

0Jes1icn: _________________________ __ 

Discuss flese questions and oIhefs ae3led within yeti" group. Combine yell" best ideas b decide on a preliminary 
research qlwstim yeti" group wiI explore further. Fackn!hat may ~ you decide are: 

• WIWch ~ is most Detestillg b yeti" group? 
• WIWch question rolSes on an aspect or characteristic that can be obsefved in astronaut ptlOklgI:aphs1 
• wtKh question can be 51 'CCPSsfuly invesligaled using astronaut phot~ and other data? 
• Whch question may be inlportalt or have a potential inlpIieation or in1>act for you, 'JOA¥ class. or society? 

Aftet'" your diKussion, write your preliminary research question. 

~; , , ,~ ... _1It.,...o: ____ ..... __ ""'~Sl ~_-V_3'O , _.-_c_ 

Presenter
Presentation Notes
TEACHER NOTES STEP 1: Preliminary Question (SSG page 7)
In their groups, students should list a feature, an aspect or characteristic of that feature and then create a question that focuses on their listed aspect/characteristic.  They should do this for 3 features.  They can list 3 different features or the same feature with 3 different aspects/characteristics of that feature that they are interested in.  

At the bottom of page 7, student groups should discuss their listed questions and decide which one question they feel they should focus on to further investigate.  They should consider which question they think is most interesting and which can be answered successfully using astronaut photographs (and other data as applicable).   Students can also consider if the question is important or has potential implications or impacts to them, the class, or society.  For example, if they are studying something related to hurricanes, the result of their research may help provide useful information for people who live in areas affected by hurricanes. Students should realize that they will be investigating this potential question further in order to convince the rest of the class that their group’s question should be the focus for the entire team.

Student groups should list their final preliminary question at the bottom of the page.  Note:  It is perfectly suitable to have students list a final preliminary question that is a modified question from their initial preliminary questions listed on this page.  

Use page 7 from the Model Investigation  as a sample as necessary (see next slide).








   
     

STEP 1: Preliminary Question
Beginning the Process of Science: Conducting Your Research 
Prelimlrwy Questions: Based on yr:u group discussion , create a prelinWlary question b" each feattR of interest you 
bted. Be SU'"e 10 locus yr:u questions on a specifIC :.sped Of characteristic of that fea\l.re that can be obsefved in 
astrooaut phoIogr3ph:s.. 

Featu"e 2: GlaCIers ~~coff~~: -"~~'L ______________________ __ 

Featu"e 3: Coastlioo AspedICharacteristic of fea~: _C"""" ....... U"' ............. "' ______ _ 
Question: How dotbe shaDes ofmas!ljoooo!be east mast of !he UIIIed States COI" 5Irfllo!be shaDes of coasIIVes 
on !be wes! co2$!? 

Discuss these questions and oIhen; created wittWl yr:u!1DUP. Ca"we yr:u best ideas 10 decide on a pr~ 
~ question yr:ugroup wi explore further. Fadors that may help you decide are: 

• Which question is most interestng kl you'"groop? 
• Which q.estion lotuses on an aspect Of characteristic that can be observed in astronaut p/loklgIaphs? 
• ~ ql8Stion can be successfuIy investigated using asIronaut photOQlaphs and otherdata? 
• Which q I8Stion may be important Of have a potential implication Of irfl:Iad b" you, yr:u class, Of society? 

After you'" d iscussion, write yotr prel iminary reselll"ch question. Vv'haI types of change!; are oeeurmg 10 !be 

g!acjers Io!lId If) Sf!J!h America'} (QJr!l!f!" changed be orjgI!lJI 2MU 2 hera' ..... we did not wan110 make !he 
3S§' rrplKln !hal !he Qaciers were ateadv me!tm ) 

[_ [ __ 80 _______ [ __ IM U , l __ V..-U ___ c_ , 

• 

Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 





   

       
     

       
  

 
        

        
       

     
    

  
      

STEP 1: Preliminary Question 
Team Workspace Suggestions 

WHAT TO POST ON YOUR WIKI: 
•Consider posting the final preliminary question for each group. 
(Note: Each group will be investigating this potential question further in 
order to convince the rest of the class that their group’s question should be 
the focus for the entire class.) 

OTHER TEAM WORKSPACE CONSIDERATIONS: 
1.	 At the top of the page under “About the Team” list your school’s name 

and add a team picture or write a few statements to tell us about your 
team. Remember, please don’t include student names! 

2.	 You should post vocabulary terms you learn throughout your 
investigation in the GLOSSARY section of your Team Workspace. 

3.	 Once you decide on a final research question to investigate, be sure to 
list sources used under the “Bibliography” section. 

Presenter
Presentation Notes
EEAB TEAM WORKSPACE WIKI OVERVIEW:  
One additional and powerful way to engage your students as they conduct their research investigation, is to have them log the progress of their research on a Team Workspace Wiki page.  To get a Team Workspace Wiki created for your team, please contact Paige Graff at paige.v.graff@nasa.gov.   The Team Workspace Wiki includes a template of the Student Scientist Guidebook 9-step model of process. Under your guidance, your students can log their progress as they step through the process of science.  The Team Workspace Wiki is also where classes working as a team will work with a mentor who can provide input and suggestions as students conduct their research.  The use of the wiki is optional.  To see examples of other Team pages, visit:  http://eeabstudents.wikispaces.com/Participating+Teams 

For starters, it is recommended that you are the only person with a login and password allowing only you to edit your team page.  This will help you get familiar with the wiki and have control over what information gets posted on your Team Workspace.  You can request additional logins for your students.  It is up to you to decide how many students you would like to be able to edit your page.  Only you (and however many students you wish have logins) will be able to edit and add to the content on your page.  Consider having a couple of designated students become your Team Wiki experts.    

During appropriate times in class you can have selected students type in appropriate information on the Wiki. Posted information should be organized!

Students should realize they will not be contacted by a mentor until they have posted information for Step 4 of their investigation.  

*************************************************************************************
TEAM WORKSPACE WIKI SUGGESTIONS:  STEP 1
Consider having a representative from each group or have a designated couple of Team Wiki experts post each group’s final preliminary question.

You might also consider having students create a list of vocabulary terms and definitions they learn as they conduct their research investigation.  The bottom of the Team Wiki page includes an area for students to create a GLOSSARY and BIBLIOGRAPHY (discussed later). 

[To post on your Wiki you need to be logged in.  Click on the “Edit” button towards the top of the page and you will be able to type in the information under the preliminary question section (or any section).  Click “Save” when you are finished.]




  

  
      

    
   

   
     

    

 
   

    
 

  

  

STEP 2:
 
Initial Observations
 

IMPORTANT ASPECTS OF STEP 2: 
•You must make initial observations and formally log data as you begin your 
investigation to make sure the aspect of the feature(s) you want to 
investigate can be observed in astronaut photos. 

•These observations and initial data collection will help make sure the 
feature you want to investigate can be observed in astronaut photos. Your 
observations will help you refine your question and formulate an initial 
hypothesis. 

MAIN GOALS OF STEP 2: 
1. List sources where you can find astronaut photos. 
2. Consider what data and observations you will log. 
3. Create an initial data table. 
4. Log your initial observations. 
5. Formulate a hypothesis. 
6. Discuss and debate the team research question. 

Presenter
Presentation Notes
TEACHER SUGGESTIONS:
Approximate time frame to complete Step 2:  ~3 class periods
Grouping Suggestion:  It is recommended to keep your students in their groups of 4-8 students.  
Other Teacher Notes:   Keep in mind that it is recommended to eventually have the entire class working on 1 research project as an entire team.  During Step 2, student groups will have the opportunity to gain helpful knowledge, experience, and skills that should help them as they as they continue their initial investigation as well as once they come to a consensus on what the team will focus on as a collective group.   Step 2 will help students do the following:  

A.  List sources where you can find astronaut photos:  Two sites are given to help students know where to find astronaut photos.  Students can list additional sources if they are aware of others
B.  Consider what data and observations you will log:  This is important for any research investigation.  If students consider this early, this will help them think more critically as they get further into their investigation.
C.  Create an initial data table:  Logging data in an organized and consistent fashion is extremely important.  Students should make sure that their data table is organized and allows each piece of data to be collected and logged carefully and consistently.  
D.  Log your initial observations:  Once students create their initial data table, by having small groups log data for 2-3 images provides them with an initial experience of logging data as well as navigating the websites in order to find data that is useful for their research.  These skills will certainly pay off as they work on their team research project.
E.  Formulate a hypothesis:  Students be asked to formulate a testable hypothesis.  A hypothesis is not a random guess. Students should base their hypothesis on observations they have made as a small group and another other background knowledge they may have. 
F.  Discuss and debate the team research question:  Teams will have the opportunity to discuss and debate their research question and initial research plan.  It will be their job to build a case to convince the rest of the class the their question and topic is worth further investigating and is “doable”.  

*************************************************************************************
TEACHER NOTES STEP 2:
At the beginning of each step of the process, it’s a good idea to go over the important aspects and the main goal of each step.  This will give students an overview and preview of what they will focus on for each step within the process of science as they conduct their investigation.    




   
   

STEP 2: Initial Observations
 
A. FINDING ASTRONAUT PHOTOS
 

• 
STEP 2: Initill l Observation!! I 

Now that you have il preliminary quesli~n . you need to start making and log ~in~ obsel'voUcns of ostronaut 
photographs. Astrona~1 photos. should ~ your initial sourei' of data. ThiIW ob~r/ations (which ~r<i> part of 
data gathering I . ..... 1 he'p you formula:e 0 hypothesis as )iOU look for patterns or trends. While making 
ot: s~lVlIt io ns. you may decid~ to refine your qUl!3tion. This is II Miura! part of the process of science 

~ you canduc: your i n ve~9IItion it is importsnt to focus on your question Write your question i'1 the ~lIce below 

~ you wark to complO!!te Step 2 of the proce.!l~ or ~.:ience. liOU will do the lollowing: A) liM ~urce.!l where am liOU find 
astronaut photos, B) COll~d<if what data and ObSi>fvatioll!i you wi 1 leg, C) Crv~\@ ~n ill ~ia l data tab'li>, 0 ) Leg your initial 
obser /otions. =) Formulille a hypo:hesis, and F) Discuss and debate lile leam research question. 

A. FINDING A STRONA UT P~OTOGRA" HS 
Be'ow i ~ II li !t of two !OUfC<!! Whl!!fl!! you CliO fi nd lI!Itronllut photo~ ..... ! you fOO IIdditiCMI sources. lIdd tha~1!! to YOUf li& . 

SOurce #1: 
.... Website mmw: E¥ditioo Earth and SvyOlld Quick List 0( Im .. ~!O 

lo- Wl!!bsite link: http:.'lares .j sc . na~lI.govlllre 5l~",bI.!\'mosphefe .dm 

Sourcl!! #2 ' 
). W~bI; it~ n am~: G~t~way to Astronaut Phctography 01 Earth ___________________ _ 

.... Website link: htlp :II<KIl.jsc,oa!OiI .qov 

E>I>c:Hooo Eort, ondlle",..,oo: I'dfoornte_ R<=>"," """ E>Jbrim SOon", (N E B) E<k.::too '1=00 l .O 
N'.3A.Io-Y= 3<..., c...Iof 

Presenter
Presentation Notes
TEACHER NOTES STEP 2:  Initial Observations (SSG page 8)
At the beginning of each step within the process of science, it is important that students focus on their current research question.  Make sure students within each group have the same research question listed.

As noted on the overview slide of Step 2, there are 5 parts of Step 2 that students will complete.  They are:
A.  List sources where you can find astronaut photos.
B.  Consider what data and observations you will log.
C.  Create an initial data table.
D.  Log your initial observations.
E.  Formulate a hypothesis.
F.  Discuss and debate the team research question.

PART A:  FINDING ASTRONAUT PHOTOGRAPHS 
Two sources are already listed for students to use to find astronaut photos.  Optionally they can list other sources they may be aware of on the next page of the Guidebook.  The additional sources should enable students to find astronaut photos, but if they include other sources of imagery/data, that would be acceptable.  Students will later explore the two websites provided (or their other listed sites) to make observations of images and log initial data.  Students can use the hard copy images you may have available from the Spheres of Earth or Blue Marble Matches activity if any of those images focus on a feature included in a student group’s preliminary question.   

Before they make observations and log data, students must consider what information (metadata) they should collect as part of their preliminary research.  They will consider this as they complete Part B of Step 2. 



   
   

STEP 2: Initial Observations
 
A. FINDING ASTRONAUT PHOTOS
 

I STEP 2: Initial et-vlltions I 

Now thai you have a preIirmary question. you need 10 sbrt rmkMlg and logging observations of aslronaut 
photogaphs. Astronaut photos should be you' initial source of data. These obsefvalions (which are part of 
data gatllering), wi help you formulate a m,.V+E!~ as you look b- patterns or trends.. While making 
obseNations, you may decide to refine yotJ' qtJQSlion. This is a nallr.ll paf1 ofille process of science. 

As you conduct )'011 investigalicxl. it is i~ 10 focus 00 )OX cpestion. Wrie you question in the space below 

Research Ckleslion: 

VYhat twes of changes are occufl'ing 10 the glaciefs Ioood in South America? 

As you work 10 CO!T'flIete Step 2 of !he pocess d science, you wil do the foIo>.W1g: A) list sources 'Nhere can you find 
astronaut p/'dos, B) Consider v.t.at dab and observations you willog, C) Create al mal dab table, DJ log)OlX ilitial 
obsefv3tions, E) FOfTl'lUIaIe a~, and F) Discuss and debate the team research queslion. 

A. FINDING ASTRONAUT PHOTOGRAPHS 
Below is a list of two sources where you can I"nI astronaut photos. As you fn:I additional sources, add those 10 yotJ' list 

500Jce#I: 
.. Website name: f medj1inn Ear1h and Bevood OUck , is of I!TQOOS 

""""" "" }. Website name: Gateway 10 Astronaut Photog!aphyof Earth 

)0. Website ~ nk: http://eol.jsc.na5a.QOY 

• 

• 

Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 



   
   

STEP 2: Initial Observations
 
A. FINDING ASTRONAUT PHOTOS
 

Source Al3: list an additional SOlI"'" you may use. 

:. Webs~e name: NASA Earth Observatory 

:. Webs~e link: httpJlearthobserval"'Y.na,... _govl 

Source 1114: list an add itional SOlI"'" \'OIl may use. 

:. Webs~e name: ____ -'It<"JLA"N'D'SASAJ,jP'roo,,"ra,m"-______________________________________________ __ 

:. Webs~e link: ______ ",".,.""""" .. ,~,'C"'"k'.'~,.,.~""'"",''__ ____________________________________________ _ 
F,*" free 10 list other SOlIrces you want 10 explore 

WHAT lATA AN[ 

;e lr word I p 
I" WI ank 

[ 
"' ,. 

• 
• 

, , . 
'. 

ISERVAT )NS­

" "",al sp'" ifj, ,/00 
fC'llow, s 

>me word. ope ifi 

oq~ lenl;er for e 

pe fi !f;lli;. _ 

.m 
10k fr e 

arcl gh ){ I 

1 
all' '" all.v .' 

yoo with an ex: ~ 

, 

, 

Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 



   
       

STEP 2: Initial Observations
 
B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG
 

Source #3: List an additional source you may use. 

" V,'ebsite name: ___________________________________ _ 

" ,'ebslte tin!' 

Source #4: List an additional source you may use. 

" ,'ebslte name: ___________________________________ _ 

" vVebslte tin~ 

Feel free to ist other sources you ·,ant to explore. 

B. CONStDER WHAT DATA AND OBSERVATIONS TO LOG 
Once you know where to find astronaut photos. you need to consider what specific information to log . Each image you 
observe has its own unique information referred to as meladata. The fo llowing statements are designed to help you 
consider what metadata and other information you may want to log. 

Use the word bank provided to help fi ll in the blanks below. Some words specific to your research might not be included 
in the word bank 

image identification number 
notes/comments 

cameras 
qualitative 

longitude 
lenses 

date 
latitude 

quantitative 

1. The image identification number is a unique identifier for every image. Logging this information will allow each image 
to be searched for and viewed. 

2. The center :::;::;:;::::;;:::-:;-;;:::;-;==-=c:-== aod :;;: _____________ of an image will provide 
you with an exact location of that image on a map of Earth. 

3. Based on your pretiminary question. what specific feature(s) wi ll you look for in each image? ________ _ 

List others if you are looking for more than one feature. __________ _ 

Expeditioo Eart!1 and Beyond: Astrom.neri:als Rese ... dl ",(I ExpIor~1ioo Science (ARES) EWc:!1ioo - Ve<sioo 3,0 
NASA JoInsoo Spare Coole< 
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Presentation Notes
PART B.  CONSIDER WHAT DATA AND OBSERVATIONS TO LOG  (SSG page 9)
As students consider what data and observations to log, have them (in their groups) fill out the information for questions 1 – 10 on pages 9 – 10 of the Student Scientist Guidebook (questions 4-10 are on the next slide).  Discuss answers as necessary. 



   
       

STEP 2: Initial Observations
 
B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG
 

tan jillooal 00 " . 
, ""ebSlle, 

, Website k 

" , • an jibooal 00 " . 
W~"", • 

" 
B. CON S IIlER WHAT DATA AND OBSERVATIONS TO l OG 
Once you know whe<e 10 find astronaul ~. you need 10 oonsi<ier wlIal specific infonnation 10 log. Each im"9" you 
observe has its own uniqoo information referred to as rnetadata. The foIowing statements are designed 10 help )'OU 
coosider whal mel:>data a nd other infonnalion)'OU may want 10 log. 

Use the word ban k pcovjded 10 help fill in the blanks below. Some words specific to)'OUr research might not be included 
.. the word bdnk. 

, 
image identification number 
ooie.sloomment~ 

came",~ 

qUdlitalive 
.. " 
latitude 

qUdntitalive 

is a unique identifoer tor e very im"9". logg ing this infonnation will a llow e ach image 

2 The center "C;;;;;;"'",:!,itude~" ,,"",,,";- ,," ___ -",,'-""" ____ 01 an im"9" will ","ovide you with an exact 
k>cation of that im-.ge 00 a map of Earth. 

3 Based 00 your poreIiminary question. wnal specific leature/51 wil )'OU look for in each image? glaciers 

list othe<s ~ )'OU :l(e looIoing for more than one feature. ___________ , 

E , · .-______ .........., __ S) E _ _ V ....... 3~ , """,, __ eo... 

Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 



   
       

STEP 2: Initial Observations
 
B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG
 • 

4. Deserice specific IIspeds or characteristics of thiS fe ... ture you wil l be looking to obser/!!. in i lTlllge~ _ liM liS many as 
you Ii/III <lrf;) approprialii . 

5. 11 you decide to lock at changes over time in an area, it '''lOuld be important to recofd the __________ _ 
the im1l9!!. "'as lIcquired. 

6. There hove been different h~nd-hel d -;;;;;-"" _______________ astrcnauts have used to ta:~e 

pictu res T he m~t reC<!!nl one is Ihe N"ion 0 3. 

7. Astronauts can use different on the:r cameras to acquire Images tila t co',er 
different s zed areas. Images la:~en wllh lo n~er forol lengths cov er less area cn the grolSld but hilve mere deto I. 
I m ~ge!> l~"am with !illO r1<i( focal kmgths OO'N f morfi> arfia on ttw guund but sho ... l~s dfillail. 

8. Scient.s:s maJo:e obser /otions lhil! fall in to fl,vo categories. ol:: servlltions are 
obsaNal ions !hilt focus on vi.sull l or descriptive characteristics nDled about lin ima~e or data. 
-;;;O<-.."';;;;CO,..;oOi,,,",,,,," .. ,,, obsllnia!.QrHii aff;) obsifvil lions thill focus on IlUITWfil; informil t.oo such n 
IT\<lSS, dist<lnce. area. etl;, Bo:h t/ pes of observotiens I;an be useful. depending on the researdl being con ~ueted . 

9. It ciln also be useful to log additional nO'fls/commMts about an m agI< that lTIiIy not be pa rt of yOll'" formal 
obser\iatlons. Th is can be a statement about the Image you may want 10 refer to at a la:er ~me . 

10.15 therll ilny othllr data you fll~ is important to k>g fOf yOll'" fllsllafch7 Lisl additionil l dala billow: 

Thll am;_fi 10 the aoo'le Stilt@ffi"'nti provide i m ~orlanl dal~ 10 con~d.....- loggin ~ as you m~~ .. obslln,al iooi of imagei. 
As you decide on other data 10 leg, think carefully 10 ma:~e sure yoo knew how you wi I go about col lecting that data. 
"Th ink ,!lOW wh~t d ~tll you n!!ed th~1 directl y reitl;e!; to your !;pecific que!;t.on 

[x;>ediIiooUMand~: _11 .... ·«>101< ~otoo~(AALC)[,jj~-v......,) .O 

..... ~~ Jo .... " " .. ,,.c ...... 
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Presentation Notes
PART B.  CONSIDER WHAT DATA AND OBSERVATIONS TO LOG  (SSG page 10)
Discuss answers to questions 1-10 as necessary. Spend a few moments discussing qualitative and quantitative observations.  These are very important observations students should consider making.  Qualitative observations focus on visual or descriptive characteristics (similar to what students focused on in the Spheres of Earth and Blue Marble Matches activities).  Quantitative observations would focus on numeric information (mass, distance, area, elevation, etc.)

Also let students know that it is very important to log notes or comments about each image.  This would be miscellaneous information that they might want to note for usage later in their research.  An example of this would be if there is an image that really provides a great view of the feature they are studying, they might note that as a separate note/comment.   





   
       

STEP 2: Initial Observations
 
B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG
 

4. 0escriJe specifIC aspects or charaderistics of this feature)Oll will be looking ~ observe in images.. List as many as 
you feel are ...",opo iate. 
lw Iwes of cbaoaes to alaciers !Nee line 

1den!Jfiab!e features on the surface of the g!ager 

Sjre of the idenIifiabie feallKes on the mace of the alacier 

Length and wJd!h of !he gWer 

5. If you decide 10 look at changes over time in 311 area, ~ would be i .. ~t 10 record the ____ --''''''''''---__ 
the image was acquired. 

6. There have been cjff9lQllt haod-heId ""'..--___ """""''''''"'L_____ asIrof\auts haWI used to take 
pictures_ The most reatnt one is !he Nikon 03_ 

7. Astronauts can use different lenses on their camer.IS 10 ~e images that COYer 

different sized 3AI3S. Images bkoo 'MIh longer focal ~ COYer less area on !he ground but have more debil. 
Images taken with shc::Oef- focaIleogths COler more area on the ground but show less detail. 

8. Scientists make observations that fall irllo two categories_ Qua!!tabYe observations are 
obsefvalions that bcus on visual Of desaiplive characteristics noIed about an im3ge or data. 

Quantitative obsew.ilions are observations that bells on nuneric jnformation such as mass, 
disbnce, area, etc. Bot! types of dJsefvatioos C3II be usefU, depeI OIIQ on the research being conducted. 

9. It can also be useU to about 30 !hal may oot be part d )'OU'" formal 
obsefvaIions. This can be 10 al a later time. 

10. ls thefe any other dab you feel is ifTl)Oft3nt to log !of yolK rese3rch? Usl3IXitionaI data below: 

~~ _~~~L-__ ___ 

The answefS 10 !he above stalements provide iI IIp0l13 .. 1 data to coosiOOf logging as you make obsefvations of im3ges. 
As you decide on other data to log, think c:aren.y 10 make SIR you knew how you wiI go about , . ' etting that data_ 
Think about what data you need flat diredIy reIaIes 10 you" specffic question. 

~, ,~ ... _ ... ,..... _ _ __ ~ _(NIl" 11!ftr '-_J.O 
....s.._SpaooC_ " 

• 
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 




   
           
STEP 2: Initial Observations 

C. CREATE AN INITIAL DATA TABLE (Read over Data Table Tips) • 
C. CFtEATE AN INmAL DATA TAB LE 
How d o you org~nizO!! .!I 'I ttl i!; inform lltian? The !im~ IO!! IIMw er ~ to cre8l1!! /I d8111 tlI ble. A dll18 l ob:e pm',; dl'!~ 8 lItrud urO!! 
for you to coll ild comitihml data lor all imaQ9s you obwrvlI. Th is wi II~hK hii lp you ~s you d:splilY your data <lnd mil~1I 
obMl;'1/lI tian! , interpretlltioM . lind uitimlliely orllw cQncl lJ!l !on~ 8bout your question. 

ReliC the M-II tl'I ~ 11! lip~ to help you orSlmize your in it il'l l dll18 I8ble 

DATA TABLE TIPS: BefOM yeu crMie your d1lt1l tllble, read t he~e l ip!> lind loo~ III the Mmple t!!ble provided. These 
~p$ -/ti ll hli lp you CfllilW ~nd r. fi n<i your data labl'" as your pro~ct f;)VOI'i1i5 . 

1. Cons.idfjf using your ritipolllilis fmm Part B (fi IH n-IhQ-t: lilnk stat.mlilnb ) .. s col.lmn ~ildings fer y.;;ur dala t .. bI • . 

2. Each colJmn cl yOIS data table should log one piece o' data. For exampls. lattlUde and longitude should each have 
th<i'ir own column. Do no: combirw th is dala in an~ column. 

J . E~ce l or any ather spreadsheet program can only ·undersland· number or letter data for each ft ek1. As you title any 
column be elI '~fl~ 10 include tt-oe lI pproprial~ ·u 1i1" w )loo elIn log your datll a~ a mrnber or lett~ r only. 

4. II you Include a latitude column In your data table. n Is recommended to tI:1e t~.1s co umn Latfrude (NJ. This '.'!I II allow 
'100 10 leg your IlIl i lud~~ lI~ numcers in Mch oe I of your spr~~t-oe~t B~ lIWlIl"@ IhIll Ihoe GlIloeway b A5II"Onaut 
Pflcro,;rapl1y or Earth websi te I sts soulh la1ttudes as negall' .. e numbers. For examp'e. an Image located at 74 south 
'" ould boe written a~ (-NI. Boe suroe you ttl ok aooul how ~oo log yoo ' 50Uth IlItihldes. so you elI1 be con~ i~tent ....nen 
using astronaut pho:ographs or data acqui'"ed from other websites. 

5. II yoo indude II longitude column in your d!!tll Illb'e. it i! recorrmend~d to tit'e t hi~ column Longitude tEl . The 
Gateway to As,ronaut Ptlo!cgrapny 0: Eerth webshe lists west Icng ltudes as negative numcers. For example. an 
imllge louotoed lit 35 west wOl~d be '" ritIM liS (-36). Be sure you think aboul how you log your we~t longillld.!s W ~oo 
can be consisten t wt1en using astronaut photog-aphs or data acquired from o:her websttes. 

6. II you Ill"@ looking for !! specifIC leeoture. )100 can nllme th~ feature in the co lumn hMding Il lang with a (Y or N). Let s 
sa~· . ror example. ~'o u are studying sand dunes. You Wi ll obvlous,y be loo~ lng lor sand dunes In each tnage jiOU 
observe A ~uggested tit e he!!ding would be Sllnd Dunl!s (Y or N). Thi! wi. indiCllte thllt the fM ture WIlS in tho!! 
Image (Y) or the feature was not observed In the Image (N). Be cons:stent vAtn how you log your data . For examp'e. 
either u~ -yo or writl! aut the whole word • .... es · Con~~tency is eS~l!nt.al when l og~ i ng dllta 

F" .. " .. ,F .. , , ... j.....,. .. , _ ........... _d, .... F" ..... " "'''' '''(I<''''.' ,F,''", .. , v~ , .. '" 
~ ~ ,;pxo Con'" 

u 

Presenter
Presentation Notes
PART C.  CREATE AN INITIAL DATA TABLE (SSG page 11-14)
Have students think about how they might use the information they answered in questions 1-10 to create a data collection (data log) table.  Students should read over the DATA TABLE TIPS and sample data table provided on pages 11-13 to consider how they might want to set up their table.  

OPTIONAL HOMEWORK:  If you run out of class time, have students finish reading the DATA TABLE TIPS and pages 11-13 and set up their data table on page 14 or on a separate piece of paper (if they need more space) for homework.



   
           
STEP 2: Initial Observations 

C. CREATE AN INITIAL DATA TABLE (Read over Data Table Tips) • 
DATA TABLE TIPS (con!lnu~d): 

7. Deperujjng on '..milt ~ific OMeI'\illt.on yeu li fe looking toc. )IOu ~hou ld con~i der crl!~ti n9 /I co lumn heading !hilt wi ll 
all ()'o\' you to tog a c on~i iti nl on ... or two word tor Iwttar) obsilrvation or numb~r as app~ CCl bl ",. For .. xamp~. if you ~r<i> 
looking at sand d...-HiIS <lnd "'lin: to kIlO' .... t~ tYPIii 0/ sand dum; Khmtifilild. ,ou e~n titlll thii column hWCiding S i nd 
Dune Type [8archan (8 ). Long itudinal (L). Slar (S). None (NIA) or Unsure (U)l . As you log your data. you eon 
include the lerter or the nlllme of the type of sand dune identified. Just be sure to log your information con~i~tenUy. 

8. You m!f)l consider logg in~ the neme of the countrj wtlere ~n imege you observed is locmed. In th is CtI!!e tit'e the 
cdumn Country. When you b~ YOlJ( data. be sure to log only the country. Do not include the dty. state. or 
cootillent. If yeu w~nt that data r .. corded, it should bw listwd as its own co'umn of dat~ . 

9. It is rrrcommended to havil ~ column in YOlK tabtOf titled Qualilat i"l! Observations. This co umn woukl include 
information that would li ke l~' contain more than a one or \INo word cbservation. You may ded de tc stan by logging 
general quali tat,ve (descriptive) information you ttink is important to note. As ycu further ycur research. you m~y 
look to add in specifIC cp.1lllitll;ive obser"lltions related to the .specific ~spoect of ~ featUM you ~M reselll"ching In this 
cdJmn ~' ou may all;o con\;idilr Qljilting a \;~ .. tch. You can indudlii th i\; colural an!'whirlii in YOlIr data tabllii "'h~ n 
makes sense to the team. 

10. You may also have a column In yall" tab'e tnled Quant itative Observations. For staners, this co lumn may Indude a 
typ~ of mM~Ul'l!!m~nt information you mll~ w.!Inl to explore IlIle' Be lILIfe to inc,udl'! l1nit~ of mo!!~!;ure (Eil!mph!" ~m) 

If your iellm decide~ to include mMsuremenl or other numeric d llt~ . th is 1II 1easi gives you a M~rting point for !liter 
cOllsider~ lion . If you eventually decide to g~th!!f mOl<' th ~ n one typ'" 0( numeric data, iach ty~ of d ~ tiil should have 
Its own co'urnn. 

11 . ll"s a good Idila to have a col Jmn on you' da:a table f:r notn or comments. This catumn prO\'klQs an area for you 
to log additicna l commen:s !,ou may want to refer to loter. For exaJlllle. you may note 'h ~t a particular imoge would 
be good to includ!'! I'IS I'In imllge i Iu~htion (whkh will be discu~sed Ill ter). 

loo~ I'll the M mple tllble provided for SIInd DUMS on Earth. Take nale of the cc lumn headings Il~ wel l l'l~ the datil I"~ted 
in each co:umn. This sllmple tllble inckJdes actual info rmlltion based on rM I imllgery. Notice IhIl; some of the iml'lge 
idllfllif.ca tion numbilri \;Iart "lith ISS and othQn; with STS. Th.\; ii bUliid on whli thlir Ih .. imagiiry 'llas takin frem thi! 
Intematlonal Space Station (ISS) Of one of the Space Shuttle mlsstons (STS}. 

~Don EaM orodll<)md: "d;ronr.c_ RO"".c:rcll '"' Expk<airn S:.<rl'" :A'ES: ~ V"- 3.0 
twl.'o JoIn",., ~ CenIof " 
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Presentation Notes
PART C.  CREATE AN INITIAL DATA TABLE (SSG page 11-14)
Have students think about how they might use the information they answered in questions 1-10 to create a data collection (data log) table.  Students should read over the DATA TABLE TIPS and sample data table provided on pages 11-13 to consider how they might want to set up their table.  

OPTIONAL HOMEWORK:  If you run out of class time, have students finish reading the DATA TABLE TIPS and pages 11-13 and set up their data table on page 14 or on a separate piece of paper (if they need more space) for homework.




   
           
STEP 2: Initial Observations 

C. CREATE AN INITIAL DATA TABLE (Read over Data Table Tips) • 
SAMPLE MASTER DATA TABlE · SAND DUNES ON [ARTII 

.~- Lot .... 
_. - ,..,,, "' ... "' .. .J c",.,.,. - c ...... to . . .... "' .. _ ........ - " ..... ""'. Not" i<""''"'' ", I' : -. ,,_ .. ~'".;l _ ~_'..J ~ el .. " ..... " 

{!' '''": ~ . . ... ~" -<",,, .. , Lo, .. h 
'-'-M' ", _~>. N_ ,0, 

~." 

E.:"· tn, ,,, .. -;., .. ~ .. ' •• ~M." T'~'" .. ~._'_' .. 
"'''1'rI>-7f " .. , • , .. , ' "~'", -- ,. c,""' " ........ , ...... ..... -."' ... , ~,'"-" ..... .. , .... ~ ... ~ .I .. 

':':' _:.'k"'-,"~ ~. ~-~" ..... ,,, 
'.'1/1"" 

.., .. ~'" ........... < ... , TO .... ' .. .""" .... ~ " """" _!01 _" ", , • , ~ .. ,.- '" .... t ..... "" ' ••• ~ .... , ...... .... _" ....... .. .... 
- '"","" -
I ...... ""' ... "' ....... ~ ~.~~ . ~ .. '" ,;'",.. HOc"",-, ~~'M "''' 

.. ~, .. "",or_u no '" '-'.1 • , ,~ ,. 
".~ ...... _" ~"' ...... " ...... 
~ .. , "' ~-.. 
<_">T "'b.~_" • •• " <t ..... ,,, 

,,,.".,..200 U., . , , , ~. ' ''1.' .. n"'",,-, --.... ~., ..... ... ... , ~.:: ...... " .. 
"""'OO ~'''';''_ ... ~." ""'-"""" ...... ;" .... 
... ,."' .. " " .. ... "" F~"·~ .. "-. - ,;'11"' • - " """"- ... , , .. " .. ........ , .. ""'H_lll" ... U • , ,. .. -..... ..... _." r::~ '--.' ...... ""moc 
m~~ . .. _ .. , ~ 

ThIs sample tab:e shows a leg of data and observations ro r " ve dlfl'erent astrenaut photographs, Your team'5 "nal ma5ter 
da t~ table may bok s im lar 10 th is but wil l ind 'Jde data from many mare imag...s b~ged from all hi'am m~mbers , Keep in 
m nd, the data yeu log snoul ~ be based on wnat Is appropriate ror ~'QUr sd entlrk: question, Be sure to log all data 
coo1sistenHt _ 

D.sc~s o~ti ons fer c r~8ting yOU! inil!1lI dlll~ IlIb l!'! w'ith your group_ On Ih!'! b!lIn ~ inllilll d~rll ft!.DI! pro\i id~d. drill\' f1 lines 
as necessary and write in co lumn headings to indicate wtlal dala you will col le\;! , 

F,,_ •• F", " ",", ""~ .. , A~ .......... ~ R ..... do "'. , F" . ... . .. ",;"" .. ('.R"') Fo "~' .. ,_ ' .... ,. .. ' 0 " ................ "" ,;pxo c ... .... 

Presenter
Presentation Notes
PART C.  CREATE AN INITIAL DATA TABLE (SSG page 11-14)
Have students think about how they might use the information they answered in questions 1-10 to create a data collection (data log) table.  Students should read over the DATA TABLE TIPS and sample data table provided on pages 11-13 to consider how they might want to set up their table.  

OPTIONAL HOMEWORK:  If you run out of class time, have students finish reading the DATA TABLE TIPS and pages 11-13 and set up their data table on page 14 or on a separate piece of paper (if they need more space) for homework.






   
           
STEP 2: Initial Observations 

C. CREATE AN INITIAL DATA TABLE (Read over Data Table Tips) 

INITIAL DATA TABLE 

Image l onll itude (Name of NotesJ 
IDO 1'1 Feature) Comments 

(Y or N) 

D. LOGGING INITIAL OBSERVATIONS 
Once you have discussed and finalized your initial data table columns and headings. re-create your data table on a 
separate piece of paper or using a spreadsheet. so you can log your data neatly, clearly. and consistently. You are 
no,'. ready to look at images and log data. Go to one of the sources 'isted and log observations from 5-10 images on your 
neatl'.' dra. 'n table. 

E. HYPOTHESIS DEVELOPMENT 
Once you have made 5-10 initial observations. think about 'lour question. Are you noticing an~ patterns 01 trends? You 
should be able to make an educated guess about he',". the processes related to the feature you are investigating may 

'ork. This educated guess about the ans':,er to your question is cal ed a hypothesis, A hypothesis should be formulated 
based on information and observations that can support it. Your hypothesis should also be testable, To help you 
formulate your hypothesis. ans', 'er the folio 'ing questions: 

1. Nhat is YOUI prelilY'inary research question? __________________________ _ 

Expedition Earth and Beyond: Astrom.neri:lls Rese ... m and ExpIor~tioo Science (ARES) EWc:!tioo - Ve<sjm 3,0 
NASA JoInson Spare Coote< 
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Presentation Notes
PART C.  CREATE AN INITIAL DATA TABLE (SSG page 11-14)
Students should consider how they might use the information they answered in questions 1-10, as well as the DATA TABLE TIPS, and sample data table provided on pages 11-13 to consider how they might want to set up their data table.  

Depending on if students completed their initial data table for homework, or during class time, within each group, make sure students discuss and finalize the set up their data table.  All group members should use the same data table set up so that everyone can gather data consistently.

Once groups have come to a consensus on the set up of their data table, they will be ready to move on to Logging Initial Observations (Part D). 




   
    

STEP 2: Initial Observations
 
D. LOGGING INITIAL OBSERVATIONS
 

INITIAL DATA TABLE 

Image lonllitude (Name of NotesJ 
IDO 1'1 Feature) Comments 

(Y or N) 

D. LOGGING INITIAL OBSERVATIONS 
Once you have discussed and fina lized your initial data table columns and headings, re-create your data table on a 
separate piece of paper or using a spreadsheet, so you can log your data neally, clearly, and consistently. You are 
now ready to look at images and log data. Go 10 one of the sources listed and log observations from 5-10 images on your 
neally drawn table . 

E. HYPOTHESIS DEVELOPMENT 
Once you have made 5-10 initial observations. think about 'lour question. Are you noticing an~ patterns 01 trends? You 
should be able to make an educated guess about he',". the processes related to the feature you are investigating may 

'ork. This educated guess about the ans':,er to your question is cal ed a hypothesis, A hypothesis should be formulated 
based on information and observations that can support it Your hypothesis should also be testable, To help you 
formulate your hypothesis. ans', 'er the folio 'ing questions: 

1. Nhat is YOUI prelilY'inary research question? __________________________ _ 

Expedition Earth and Beyond: Astrom.neri:lls Rese ... m and ExpIor~tioo Science (ARES) EWc:!tioo - Ve<sjm 3,0 
NASA JoInson Spare Coote< 
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PART D.  LOGGING INTIAL OBSERVATIONS (SSG page 14)
Once student groups have come to a consensus on the set up of their data table, have students work in pairs to collect data (log initial observations).  They can use the hard copy images from the Spheres of Earth or Blue Marble Matches activities or can use one of the websites listed on pages 8 (and 9) of the Student Scientist Guidebook.  These sites include the Quick List of images (http://ares.jsc.nasa.gov/ares/eeab/index.cfm) or Gateway to Astronaut Photography website (http://eol.jsc.nasa.gov).

As desired, briefly  show students the two websites listed on page 8 of the SSG.  
1) Start with the Quick List of Images from the EEAB Website (http://ares.jsc.nasa.gov/ares/eeab/atmosphere.cfm).  Students can make observations of images related to the atmosphere, biosphere, hydrosphere, and litho/geosphere.  If students click on the Photo ID (Image ID#), that will open up the Gateway to Astronaut Photography website.  Metadata for the images are available as you scroll down the page.    Briefly show students how to find images that may be of interest to their research.

2) Show students the “Research Tips” page from the EEAB Student Wiki:  http://eeabstudents.wikispaces.com/Research+Tips to introduce them to the Gateway to Astronaut Photography of Earth website (http://eol.jsc.nasa.gov).  Let students know they can search by specific location, topic, feature, or by image identification number. The Wiki provides useful information on how to find images.  Students can decide how best to find images for their research.

Give students 1 class period to collect and log initial observations.  Some student pairs may only have the opportunity to log information on 2-3 images, which is to be expected.  They will have at least gotten an exposure to how to find images and finding and logging data.  At the end of the class period, students should be prepared to discuss their logged observations with their group.  They can optionally compile their logged observations (either in a spreadsheet or by simply compiling each data collection sheet from every pair of students).  Compiling the data at this point is not as important as it is for students to discuss their observations as a team.  Discussion of their initial observations of the data collected will help students develop a hypothesis (Part E).  

Optional Homework:  You might suggest that all students review the “Research Tips” page from the EEAB Student Wiki (http://eeabstudents.wikispaces.com/Research+Tips).  This will be helpful as students continue to find and log data from the Gateway to Astronaut Photography of Earth website (http://eol.jsc.nasa.gov).



   
     
STEP 2: Initial Observations
 

D. LOGGING INTIAL OBSERVATIONS (SAMPLE DATA TABLE)
 • 
(mml 

ISSOllH-5807 20041104 

ISS022-E-78363 Voedma 20100226 -49.5 Areentina aoo 

1SSOO14-E-1076li G,., 20061225 

Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS
INITIAL DATA TABLE – compiled data from all student groups that made observations for the model investigation.   (Note:  Students do not need to formally compile their initial observations in a spreadsheet unless time permits.)



   
  

STEP 2: Initial Observations
 
E. HYPOTHESIS DEVELOPMENT
 

Image 
ID. 

'n~ilud .. -, (N' ~f 
FeJlure 
rVorN) 

D. LOGGING INITIAL OBSERVATIONS 

INITIAL DATA TABLE 

NOles! 
Comments 

Once you have discussed and finalized your initial data table columns and headings. re-create your data table on a 
separate piece of paper or using a spreadsheet. so you can log your data neatly, clearly. and consistently. You are 
no,'. ready to look at images and log data. Go to one of the sources 'isted and log observations from 5-10 images on your 
neatl" dra. 'n table. 

E. HYPOTHESIS DEVELOPMENT 
Once you have made 5-10 initial observations, think about your question . Are you noticing any patterns or trends? You 
should be able to make an educated guess about how the processes related to the feature you are investigating may 
work. This educated guess about the answer to your question is called a hypothesis. A hypothesis should be formulated 
based on information and observations that can support it. Your hypothesis should also be testable. To help you 
formulate your hypothesis. answer the following questions: 

1. What is your preliminary research question? __________________________ _ 

Expedition Earth and Beyond: Astrom.neri:lls Rese ... m and ExpIor~tioo Science (ARES) EWc:!tioo - Ve<sjm 3.0 
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Presentation Notes
PART E.  HYPOTHESIS DEVELOPMENT (SSG page 14)
Once student pairs have logged data for 2-3 images, have the group discuss their observations and develop a hypothesis.  Students should answer questions 1-3 on pages 14-15 of the Student Scientist Guidebook together as a group to develop their hypothesis.  







   
  

STEP 2: Initial Observations
 
E. HYPOTHESIS DEVELOPMENT
 

2. Based on your current observations. what is your hypothesis (educated guess about the answer to your)? 

3. What other knowledge do you have that directly supports this hypothesis? 

F. DISCUSSION AND DEBATE OF TEAM RESEARCH QUESTION 
At this point you have formulated a question. logged initial observations. and formulated a hypothesis. Depending on ho. 
your teacher has structured your class participation. other groups in your class:.ill have done the same. It is nO·i. time to 
discuss and debate. ith your class to decide ::hat question the class should focus on as a team. If you are ./orking in 
mini research groups. you __ ":ill need to decide' 'hat specific question to research. Use the information belo',. as a guide to 
discuss and debate. Be sure to have a compel ing argument to convince your teammates that your question is the best to 
focus on for the team investiga:ion: 

DISCUSSION AND DEBATE CONSIDERATIONS: 

,. Preliminary Question: Refine yot.' question so it s focused on a ve specific Jelait related to the feall re vau 
are interested in researching, f>lake sure that detai is visible in astronaut photos. 

,. Data Collection Methods: List the spec(lc data needed to be COl ectedilogged from each 11age observed to 
help you ans::er your question. 

,. Other Comments: T1ink about othel comments yOU iant to make to the class'group. Is this project easily 
doable? VJhat makes this question interesting? Does it relate to something YOU are already studying in class? 
Are there important Iplications of lour stud~' for {ou. your class. or societ~l? 
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PART E.  HYPOTHESIS DEVELOPMENT (SSG page 15)
Students should be able to support their hypothesis with observations made from their initial data collection/logged observations.  Students should also think about what other knowledge they have that directly supports their hypothesis.  This can come from previous information they have learned in class or other information they have learned elsewhere.  

Students should start thinking about their question and whether or not it needs to be refined further so they can make it as strong a question as possible for the class to consider taking on as a team.  In the next part of their work, they will discuss and debate team research questions (Part F).  




   
  

STEP 2: Initial Observations
 
E. HYPOTHESIS DEVELOPMENT
 

-, , "' 

D. r INI, INITIAl )BSERVATIONS 

INITIAL DATA TABLE 

c d ~ __ oed ar~ fi lin ata tab ,"U 
• "r,1 ce of paper usingasp"ad.hee1 00<:: >g 

w 10 -.k og G C' !he ,,"'" 

E. HYPOTHESIS DEVELOPMENT 

Q' re_ueate yo 
altj Jrd c - dala loble on a 

lenlt 

J "9'" '" " 

Once you have made !".- 1 0 initial observation,. think aOOut your question. tve you oo!icil>Q any pattern. Of trend.? Yoo 
should be able to make an edUC3ted gooss about how the processes related 10 the feature y<>U are investigatil>Q may 
work . This edUC3ted guess about the answer to your question is C311ed a hypothesis. A hypothesis should t>e formulated 
b3sed on information aoo obse<vations that C3n support ~. Your hypothesis should also be testable. To oolp you 
lormu!ate your hypothesis. complete the foIIowil>Q: 

1 Whal is your p<eliminary research question? Whallypes of chaflOOS are occurriooio the glacl!l!)l fouoo in Sooth 

f, · .-______ .........., __ S) E _ _ V..-'" 

" ....,.. __ eo... 
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Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 




   
  

STEP 2: Initial Observations
 
E. HYPOTHESIS DEVELOPMENT
 

2. B3sed 00 your currenlobse<vatioos, wnal '" yoor hypolhesis (eduC3led guess 3boul the 3n5werlo your questioo)? 

All glacieG in Sooth Americ;I will be re)re3tioo 

3 . Whalother knowledge do you h3ve thai dwedly supports this hypothesis? __ 'W""""'''tlre''''''in"_~""''oo~.'",,~"' __ 
dim31e change in d3SS Ih:It 1:111<5 :Wool W3Jnllng lemper3tures 00 E:uIh. This inform311oo would support oor hypolhe";s 

Ih:It 31 thew gl3ciers will be re)re3tioo. 

'lSI ISSI)N AN[ lATE - ,AM I ,SEAR'::" <JJ~ST,)N 

• 

" " 
~ al • ~ or f( 01 ypothe '" ~ • 

your r~ 00 ~ ~Il"~ 

as 10 dec Ie ,., , . " 
""" "'" Ih as 

qu Iio 

:las ... ~I 
"00 ~ 

~ 

• "" 3' a tean 
r )rm . - " . ffi" "" 

," 
~ = 1h:J y< "qu 

j fa< the e >gal 

DISIUSSION ANO D 3Al )NSI[ ~ATlONS: 

~ Pre 

". 
nary a 5t .... If q fo 

on res<.arc '9 /I e ... e Ih:I 1:1,1 
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" 00 ~ • 00 
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" . ., 
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 




   
       
STEP 2: Initial Observations
 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION
 
2. Based on four current observations. 'hat is vour hypothesis (educated guess about the ans·/.er to fOur)? 

3. What other kno' edge do you have that directl:' supports this hypothesis? ______________ _ 

F. DISCUSSION AND DEBATE OF TEAM RESEARCH QUESTION 
At this point you have formulated a question. logged initial observations, and formulated a hypothesis. Depending on how 
your teacher has structured your class participation. other groups in your class will have done the same . It is now time to 
discuss and debate with your class to decide what question the class should focus on as a team. If you are working in 
mini research groups, you will need to decide what specific question to research. Use the information below as a guide to 
discuss and debate. Be sure to have a compelling argument to convince your teammates that your question is the best to 
focus on for the team invest igation: 

DISCUSSION AND DEBATE CONSIDERATIONS: 

., Preliminary Question: Refine your question so it is focused on a very specific detail re lated to the feature you 
are interested in researching . Make sure that detail is visible in astronaut photos . 

., Data Collection Methods : List the specific data needed to be collectedllogged from each image observed to 
help you answer your question . 

., Other Comments: Think about other comments you want to make to the class/group. Is this project easily 
doable? What makes this question interesting? Does it relate to something you are already studying in class? 
Are there important implications of your study for you. your class. or society? 

Expeditioo Eart!1 :nI Beyond: Astromaeri:IIs Researdl :nI ExpIor~tioo Science l ARES) Ew.:..tioo - Ve<sioo 3.0 
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PART F.  DISCUSSION AND DEBATE OF TEAM RESEARCH QUESTION (SSG page 15)
Have each group prepare to discuss and debate their team research question.  Students will want to convince other student groups in the class that their team question is the one the class should focus on  as an entire team.  Students should use the information provided in the “Discussion and Debate Considerations” to prepare their argument to the class.  

OPTIONAL HOMEWORK:  If students to not finish their preparations for the discussion and debate, they should continue their preparation as part of their homework.




   
       
STEP 2: Initial Observations
 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION
 

Student Presentation Guide: Be sure you are prepared to convince the class or your research group that your 
preliminary research question should be the focus for the class research investigation . 

REFINED 
PRELIMINARY 

QUESTION 

DATA 
COLLECTION 

METHODS 

(Include a bulleted 
or numbered list) 

OTHER 
COMMENTS 

---As each group' Individual presents thell Information. take notes so you can think about IhlCh project ,ould be best for the 
class to research as a leam. At the end of all group presentations you need to discuss. debale. and vote on 'hich 
project should be the focus for the class or mini research group project. 

After the discussion. debates. and voting process. lsi the final question the class group has decided to research: __ _ 

As a team. discuss the ist of data fOU need to collect and log from each image observed. Make sure everyone kno':s 
-'here to find each piece of data. II is also important to kno·. h~ and ho', that data is essential to collect fOI yOUI project. 

Expedition Eart!1 :nI Beyond: Astrom.neri:Iis Researd1 :nd ExpIor~1ioo Science (ARES) EWc.a1ioo - Ve<sDl 3.0 
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PART F.  DISCUSSION AND DEBATE OF TEAM RESEARCH QUESTION (SSG page 16)
Have each group prepare to discuss and debate their team research question.  Students will want to convince other student groups in the class that their team question is the one the class should focus on  as an entire team.  Students should use the information provided in the “Discussion and Debate Considerations” to prepare their argument to the class.  

OPTIONAL HOMEWORK:  If students do not finish their preparations for the discussion and debate, they should continue their preparation as part of their homework.

Students should be prepared to state the following:
Their refined preliminary question 
Data Collection Methods:  A list of data they will collect.  They should be able to reassure other classmates that the data collection is very “doable”.
Other Comments:  Students should be able to make a case that their question should be the one selected as the final class research question.  



   
       
STEP 2: Initial Observations
 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION
 
Student Presemat ion Gu ide Be sure 'fO'J are prepared to conw lI:e the class Of your research group lIlat )'O'J' 

preliminary research qooslioo should be the focus for the ct..;s research investigation. 

REFINED 
PRELIMINARY What types 01 changes are occurring to the glac;"rs found ill SoutIl America? 

QUESTION 

• Image lD if 
DATA • Glac." Name 

COLLECTIO N • Date Im:oge was T3keo 
METHODS • Labtude 

• Longitude 
(Include a buUeled • Country 
or numbered lis t) • Leos Size 

• Qualitative Obse<Vations 

OTHER Researching this question wi. ~p 10 all.w .... ilthe glac."s are shmki"9. If the glac;"rs are 

COMMENTS 
shrinking, how much long .... wililhey be arolll>d? We wonder how this will impact the wat .... levels 
on Earth We also lIliok this might provide inlonnahon related to dimate change. 

, 
" 

1 1001 '" u Ie. , 

'" 
Pam, 
w\1ere Ir fi" 

11 fi qu tio '" 

, , 
f , ' .-______ ..........,_"""'S) E _ _ V ...... 3~ """"........., _eo.-

,. 

, . 
" 

• 
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Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 




   
       
STEP 2: Initial Observations
 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION
 

Student Presentation Guide: Be sure fOU are prepared to convince the class 01 yOUi research group that your 
preliminalV research question should be the focus for the class research investigation, 

REFINED 
PRELIMINARY 

QUESTION 

DATA 
COLLECTION 

METHODS 

(Include a bulleted 
or numbered list) 

OTHER 
COMMENTS 

As each grouplindividual presents their information, take notes so you can think about which project would be best for the 
dass to research as a team . At the end of all group presentations you will need to discuss, debate, and vote on which 
project should be the focus for the class or mini research group project. 

After the discussion, debates. and voting process, list the final question the dass/group has decided to research : __ _ 

As a team. discuss the list of data you will need to collect and log from each image observed. Make sure everyone knows 
where to find each piece of data. It is also important to know why and how that data is essential to collect for your project. 

Expedi!ioo EarI!1 :nI Beyond: Astrom.neri:IIs Researd1 3fld ExpIor~1ioo Science (ARESI EWc.a1ioo - Ve<sjm 3,0 
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Presentation Notes
PART F.  DISCUSSION AND DEBATE OF TEAM RESEARCH QUESTION (SSG page 16)
Student groups can choose 1-2 representatives to present information to the class.  After the brief presentation, allow students to ask questions or discuss as a class.  Presentations and discussions per group should take ~5-10 minutes.

Once each group has presented their refined preliminary question, have groups (or the class as a whole) discuss the information presented to help them decide which question they will vote for.  Voting will determine the final question the class will research as a team.  

Consider having students put their heads down on their desks so they can vote and not be influenced by peer pressure.  Count the # of votes per question and let students know which question received the most votes.  

After the discussion, debates, and voting process, have students list the final question the class decided to research at the bottom of page 16.   Reassure students that even if their question was not selected, when working on a science team, coming to a consensus on the best way to move forward will help strengthen the team as a whole.  Individuals who may feel really passionate about their question can certainly investigate their question independently.  




   
       
STEP 2: Initial Observations
 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION
 
SI p" sen!ation 

mil e ~ 

R FINED 
PR IMINARY 

"SHON 

)ATA 
:0 TlON 

ME -H )[15 

Incillde a bullete, 
numbe.e<llisl 

IMMENTS 

00 ,., p<e~ to me ttle .las 
Ie '" '" In a~c 

00' arc group ~t, 

As each groupliooividual presents their infonnalion. take ootes so you can think about which project would be best for the 
class 10 research as 3 team. At the end of all group presentations you wi. need to discllSS, lieba\e, 300 vole on which 
project should t>e the focus for the class or m inO research group project 

After the discussion, deb:!\es, and voting process, Os! the final question the class/group has decided to rese3lcll: 
Wb;!t tvoos of cha!lOOS are QCCurrioo to Ihe glaclW; found in Sooth America? 

As" team, discuss the list of data you will need to coHeel and k>g from each image observed_ Make su re everyone knows 
where \0 find each ~e of dala. It is a lso important to koow why and how thai data is essootial \0 colee! for your p<'oje<:t 

f , ' .-______ .........., _"""'S) E _ _ V ...... 3~ 

" """"........., _eo.-

• 
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Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 




   
       
STEP 2: Initial Observations
 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION
 • 
Fill ou t the table belovv to help make sure everyone understands tile importance of the data being collected as pan of )'Our 
~earch (Use 8dd itio n ~ 1 paper ~ necessary I 

Spilc if ic OatlllMNd .. tll You 
Will Log Briel Explanation ollmportlnee of this Data for Your Research 

Remember the [nlllal data table you created In Part D (page 14)7 Everyone should create and use the same data table to 
log the info rmat.on you induded above. Remember, logging d<lla consistently is extremely important. Toke some time to 
crMle yoor learn dirt!! table now. 

II yoor proposed question was not selected liS the qU8stion the 18am wi I Iccus on, do not 1",,,,1 bad . All hi'~m sdenlis ls 
need !O learn to compromise. come to a consensus, and move forward together. You can alWays connnue to research 
your interests on your cwn. You now have the chance to contribute to your team proj ect and provide data that Wi I help 
otllers under,tand more about our planet. Your team re~e~rcll is very irnpcrtllnt end cen be ~Il~red with other , tudent, 
IICro~, Ille nation 85 'Welt as witll NASA ,cienti,t,1 

E-.n ~ ..., _ : A:.I_ Rooen ll ro:l ElQUnon 3Ueo", (MEJ) E~«otOl1 -v...-, 3.0 
I'W\,O JuI ,,,,,,, s...... ::0.1" " 

Presenter
Presentation Notes
PART F.  DISCUSSION AND DEBATE OF TEAM RESEARCH QUESTION (SSG page 17)
Once a final research question has been selected, the team that proposed the selected question should make sure everyone lists the specific data that will be logged for each image observed (column 1).  Students should also discuss the importance of and have an understanding as to how this data relates to answering the research question.  Students should also think about if there is any additional information that should be logged.  All team members should be sure they know how to find each piece of data.  Discuss this as a class.  (Use additional paper as necessary.)

Have the student group whose question was chosen for the team research project share their initial data table they used for data collection.  Have the class discuss this and make adjustments or changes to the data table as necessary.   The class as a whole, should agree on the set up of the data table.  

**Take some time to make sure every student creates a data table so they can log data as they make observations of images.  Encourage students to collect data even when its not officially assigned.  The more consistent data the team has for their research, the better their conclusions will be. 






   
       
STEP 2: Initial Observations
 

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION
 • 
F. out the bbki baIow 10 help make stJJlI ewf)'OOII undltrstands the importance 01 the data beirlQ coIectad ilS part 01 YOlK 
research. (U$e additional paper 3$ ne<:essaIY.) 

Specific OalalMellldalll You 
Brief Explarnllion of Importance of this 011111 for Your R .... rch Will log 

ThIS WIll allow us or anyone else 10 find IllIs ,mage .,n 
10 Number 

thIS WIll allow us to keep ow data organized ilS well as help us to refer back 10 the 
Glacier Name II'Il:IIge We can also research IIllorm3bon on eaeh glaCIer 

We Will be able to compare 'mages and kIok lor changes over a peood 01 bme 
Date Image Was Taken 

Thill along WIth longitude ¥IIII help us to idenllfy the Ioc3IJon of !he Image 
C" ..... 

ThIS along WIth labtude WIll help us to odenlllY the Iocabon of the mage 
" ,~ 

We Will be able 10 be"er understand the Ioe3bon oIlhe feature we are studYIng 
Country 

ThIS prOVldvs us WIth Iniofmabon about the carner.! that won used to capture the 
Lens 5ge ..... 

I Oual~at , ~! IfIformat;;~:1I help us ~elTlllne what features and char3ClenstlC$ can be seen 
In 1m I rther r 

Remember the initial data table you cre;:aled in Part 0 (page 14)7 Everyone should create and use the same data bbIe to 
bg!he information you included above. Remember, logging data consistently is extJemety important. Take some time to 
create your learn data table now 

If your proposed qUHtion was not seleded as the questioo the team will focus on, do not feel bad. AI team sciefltisls 
need 10 learn to compromise, come 10 a con!letlSUS, and move forward togelher. You can always continue 10 research 
your interests on your own. You now have the chance 10 contribute to yow t!!am project and provide data that wil help 
others understand more about our planet. YOOI team research is very important and can be shared wi1h other students 
across the nation as well as with NASA scientists! 

f $ $' . ~_1IopIct ..... =._~~~ _WlES)E....-__ J.O " 
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 






   

 
  

   

   

 

STEP 2: Initial Observations 
Team Workspace Suggestions 

WHAT TO POST ON YOUR TEAM WORKSPACE: 
1. List the research question your class decided to focus on as 

a team. 

2. List sources to view astronaut photos. 

3. List the specific data the team will log from each astronaut 
photo. 

4. List your team’s hypothesis. 

Presenter
Presentation Notes
TEAM WORKSPACE WIKI SUGGESTIONS:  STEP 2
Have your Team Workspace Wiki expert(s) post the above information on the wiki.    (You might choose a student from the original group that created this question work with the Wiki expert(s) to post this information as they will best be able to list this information, including the hypothesis with supporting observations.)




  
   

  
 

  
  

  

  

 

  

 STEP 3:
 
Background Research
 

IMPORTANT ASPECTS OF STEP 3: 
•Looking for background research from books, scientific journals or 
magazines, the internet, or scientists is important to help you 
understand what is already known about what you are investigating. 

•It is important to keep track of sources you use as part of your 
research.  Citing sources allows others to gain confidence in your 
research and it also gives credit to the person(s) who did the work 
you are now using. 

•It is important to continue to collect and log data from images. 

MAIN GOALS OF STEP 3: 
1. Gather basic background research and information. 
2. Log bibliographical and summary information from each source. 
3. Continue to collect and log data. 

Presenter
Presentation Notes
TEACHER SUGGESTIONS:
Approximate time frame to complete Step 3:  ~2-3 class periods
Grouping Suggestion:  It is recommended to organize your students into groups of 3-4 students.  Each group would be responsible to answer questions 1 – 6 on pages 20 – 23 with a class discussion on question 7 (planetary comparisons).   Group suggestions are as follows:
GROUP 1:    IMPORTANT DEFINITIONS (pg 20):  
This group should list important terms and definitions associated with the team’s research question.  

GROUP 2:  EARTH SYSTEM INFORMATION (pg21): 
Students can refer to the Spheres of Earth activity to help them consider what information to include in this section.

GROUP 3:  FORMATION PROCESS (pg21-22):  
This group would look for specific information on how the feature they are studying is formed.  This group of students should also be responsible to draw (or find) a sketch or diagram with labels to illustrate this.

GROUP 4:  FEATURE DESCRIPTION OR CHARACTERISTICS (pg22):  
This group should think about the characteristics or criteria used to identify the feature the team is focusing on.

GROUP 5:  ASTRONAUT IMAGES (pg23):
This group should list the identification numbers for at least 3 astronaut images that contain the feature they are investigating.  This group should either include the thumbnail image of each of the listed astronaut photos or create a sketch of the photo in the boxes provided.  

GROUP 6:  GEOGRPHAPHIC REGION(S) AND DATA COLLECTION (pg23)
This group should consider what geographic region(s) on Earth the team should focus on for their data collection.   This group should also make observations and log data from images they observe in these geographic regions.  

Other Teacher Notes:   Make sure students realize they will be responsible to share the information and answers to their assigned question to the rest of the class.  They should also keep track of sources they use as they gather their information.

****************************************************************************************************
TEACHER NOTES STEP 3:
At the beginning of each step of the process, it’s a good idea to go over the important aspects and the main goal of each step.  This will give students an overview and preview of what they will focus on for each step within the process of science as they conduct their investigation. 







   STEP 3: Background Research
 • 
[ STEP 3: Background Research I 

Once you decide o n I!I team reMarch question, whjch ITIBY ~b I Gel f\rther refined, i t is important 10 beoome 
familiar- with wh~ t otlwr ~jOjntist!i al r",ady know about th ... SU bjid. Tll ink about th ... spKific f",atu!., that is 
the fow; of your question. \'Vhat Earth system Is most cJ OSel'1 r~lat&d to your rea lISe of loteri/5t 
( b io~hefe . 8tmosphere. hydrosphere, geo!1 1 1 ho~here ) lind how is i! fe inted? These are slImple 
questions 10 Iln~wer as you conduct your im'estigllti on_ Condu cli n ~ b1Ickground re3eareh is an ongoing 

prOCIISS. Ycu shoold continual ly giltn ~now~dQ8 ~nd bscom ... wa~ of in formirtion \h.d alrQil dy 9!USU;. Build ing on 
e~i sli ng kn ()""1e~ge is an impor1anl p-Jrt 01 the sCientific process. so you can (J ',Io:d "reinventing the wheel." 

As you continw your r<iS~rch , it is ",swnti~1 10 const~n tiy ~mind yourwll of your rli!sIi!arch q U<i>stion and hypoltwsis. 
TIl is \<iill al lO\<i you to gather background research related speeJfiea !ly te your investigation. List your question and 
hypothesis in the spece, pro. ided: 

Research Question: 

Po tentia l Sources for Background Research 
As you conduct your background research. you must keep track of references you use to obta in facts. general 
inforrmlt.on. figures. or images. W hen you log and pest information or "'fite up your results. you must cite your 
references. M y f1KI . figure. or imege you use needs to b@ credited tty I"@!ferencing il in your text and <!I lso indud ing ihe 
actu~ 1 fiO!.!fC. in your l lifwl ,mew or b:bl iography filild.orr . Th i5 al lo ·l/~ rliladlilrfi to chl/ck your 50ur~i ~nd gain confldliln~ in 
your research and conclusicns. II also gNes credtt to Ihe person(s) ·..mo did Ihe work you ilre no...., usinQ. Citing resources 
approprietely is e.>:tremely important. ALL scienl isls do Ihis! 

The foUowtlg four sources may be usefu l for your research: 
, . Books offer II Well 1h of informlltion IhIIl h.!l~ ~ een 'NTitten. revi~wed. ~nd publ i ~hed . These relillble 

inform<!ltion al"@ strongly recommended as liou conduct your resMrch 

"""""""' """":nl """,", .• ~~ """""""...., FIll.n....., ,.,.... ... '~RF": ""' '''' ..... _v • ....,., .• n 
~.ttnoo ;SO"'. Cor'''' " 

Presenter
Presentation Notes
TEACHER NOTES STEP 3: POTENTIAL SOURCES FOR BACKGROUND INFORMATION (SSG page 18)
As students begin Step 3, let them know that it is important to become familiar with information related to the question and topic .  Background research is an ongoing process and it is important to build on existing knowledge.  As students look for information, they must keep track of their sources. This includes information retrieved from books, journals or magazines, electronic sources (the internet), or from scientists or science experts. 

As students look for and use sources for their background research, it is important for them to keep their research question and hypothesis in mind.  By writing this down again, students can be reminded that the data and information they collect should focus on information related to their question and hypothesis.  (It will also help you monitor their work and know they are focused on the correct question.)

Page 18 of the Student Scientist Guidebook provides information on potential sources for background research for students to consider using.  This is continued on page 19.






   STEP 3: Background Research
 
2. Joo rmlll Arti d.~MiI9~zinlW : SdintiflC joulnll l5 01 m~gazinii off9' sam", of th .. Iitisl information a nd wou'd b .. an 

~xct!lI ent ~oo rce for your r~elll"ClI _ Some jmrnal tutiele!o mft~ be w,;tten el II \Jef'j hi~ h le'lel, but they w~ 1 gi. e you 
insfghl inb icivntists" l hink.i ng today abcul ~ 5pwcifl(; top ic . 

3. ,~;'~':,:';,,:"~~1:~~ Internet as a 50Urce of Inlonnat1on. ~·c u should be careM you 
considered reliable ~ wOl~ d mo& edu or .gov 3ite.5. The intem et 

sole source or your researCh. but It [s a great place to start. Sites like 'N 1 ~lped la 

; can be a gre.!\1 M~rti n g point but 5hould net be the only internet source you liM' Some of the 
may not be accurate. 

4. SclentlsjlSclence E~pe rt: Communication cr presentations given O'{ a sd enUst are alsc great sources. For 
"':<ampl ," , you may partidpa\w in a di!ltane<o> h.~ rning oonf""",nc ... , II th.m;> is infonn~ tion thai P'ffiains to your 
Investlga~on, you can use and Include tha: Information as pan 01 your research. 

For each rIPe or reference or source. maKe sure you log the follOWing informo~on : 

BOOHJJOURNAUMAGAZlNE ELECTRONIC SOURCE (lnlem e1) SCIENTIST/SCIENC E EXPERT 
~) Aulhor Name.: s) ,:Last name, fi ,"" ""me:, ~ I Aulhor Namel' ) .:if one e';,t<; ) a) Scien:;';~ Name (l M I name, f ... t n •. me) 

~ ) Name 01 B()() ~'Joumal.'Magalioo b) Naroo 01 lI'oosil9 b) Mli~"boll (\\'oore scientist wor~s ) 

~) P" bl;';oo, r. ) P" b';"'.oooo rI~te (if nM i. 1;';100:, e:, n"tP. "I coo·,~,,,,, fi c n 

J) y~ ~, vi ~u~ lic~.iu" J ) D~t<!(") yw ~cc~"se<l ll ", si l .. oj ) ~~~TlS ul 00" " UTl;,;"'i"" (';\Iiki 
d 5:31100 Ioamill(; coonoction, p:rsanJI 

e) I 'BoeS where r n lo 1Tll!l ~on l lgS ob:orne:J e) Web3rte gojd re!; s commulllwtronj 

r} Su·,. " .. y ul i, Iu , ,,,~(iu,, ubi";' ,.,,) f) Sto , III' ~' f uf iJl I"" "~ti~Jl u bl~i,,,,,j .. ) S""K""')' of i ro fu,,,,,, .iu" uloto.,,,",, 

Gather InformaUoll from any 01 these sources . Indude eact1 of the details listed above In ycur b:bllography. except lor the 
3umma')I inforll1lltion Th~ 3umll1lllY information hel~ you rem~mbel what det~ il3 you oblll ned from that 3ouo"ce for 
possible referend ng later In ~'o ur project. 

E>:pc<IWn 8:rIII::rJd1leyoo:l: __ ot::rm RO'"...::urn..,j ~.Iion SO""", W E B) Ea.<o1ion ~' ... ..,., H 
NA3.o\ .k:tt"o>oo 3<»0" c..-!". 

• 
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TEACHER NOTES STEP 3: POTENTIAL SOURCES FOR BACKGROUND INFORMATION (SSG page 19)
Along with reviewing the types of sources students can use, be sure to review what information students should log and include for their bibliography or references section. Remind students that they should keep track of the bibliographical information from every source they use to gather data.  By also including a summary of information obtained, students will be able to remember what details they may have obtained from that source.  

**You may want to print off Source Information Log Sheets (page 28 of the Student Scientist Guidebook) for students to use as they find and use sources for their research.**  (The next slide shows page 28)




 Source Information Log Sheet (pg 28)
 • 
Fill In the information below for each source you will use/have used for your research. 

SOURCE #1 

SOURCE TYPE (circle one): Book Journal Magazine Electron ic Source Science Expert Other ____ _ 

BIBLIOGRAPHICAL INFORMATION: 

SUMMARY OF INFORMATION OBTAINED: 

SOURCE #2 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other ____ _ 

BIBLIOGRAPHICAL INFORMATION: 

SUMMARY OF INFORMATION OBTAINED: 

Expedition Earth and Beyond: Astromateriats Research and Exploration Science (ARES) Ewcation - Version 3.0 
NASA Jotnson Space Center 

28 
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BACKGROUND INFORMATION – KEEPING TRACK OF SOURCES – Source Information Log Sheet
Students should list each source they will use to gather data or information to use as part of their research.  It is important to keep track of bibliographical details as well as a summary of information obtained from each source.   Students should fill out the information based on the source used.  

The listed sources should be included on the EEAB Team Workspace Wiki in the BIBLIOGRAPHY Section. 

Print source log sheets (page 28 of the Student Scientist Guidebook) for students to log this information as necessary.




   STEP 3: Background Research
 

Once you decide on a leo.n research question • ....tid! may sIiI get hnt- relined , it is mport.rt to bemme 
familiar with wh3t oIhef scientists already know 3boul the sOO;ect. Think about the specific fe31lKe that is 
the locus of you ql8Slion. What Earth s~ is most cIosett related to you feature of interest 
(biosphere. atmosphere, ~. geo'IiIhosphere) an:! how is it related? n-e are s;vnpe 
questions to auswef as you conduct you investigation. Conducting background research is an 0I90ill9 

process. You should continualy gain kncwledga and bemme <I'J'r.flI d rnormation !hal already exists. Buildrog an 
existing knowledge is an ifT1)Ortart pat of the scientific PIOOOSS, so you can avoid ·reinventing the wheel: 

As you conIinue you research , it is essential to oonstanUy reo, ,;, id ycuseIf of you research question and hypoIhe3is. 
This wil allow you to gather background research related specificaIy 10 you inYesligation. list you question and 
hwothesis in the spaces proYided: 

1 

R~_ """""", 
:' types of changes are occunng to the ~ found III South Arnenc:a? 

I"""""'" 
All glaoers III South America WI' be retrealmg. 

Potent ial Sources for Back~ound Research 
As you oondud. you badgomd research , you must keep Ir.id!. of references you use to obtar1 facts, general 
;IIklinlatioh. figlM"es. Of images. When you log and posl iniolnoooll Of wme up your ~. you m.J.IIl cite your 
references. Ivry bet. figure, or image you use needs 10 be credited by referena1g it III yoAX text and also i'lduding the 
actual SOlRe in you reference Of bibkyaphy section. This allows readeB to chedI: you ~ and gain oonfidence in 
yotX res6(l(cn and conclusions. It also gives credit 10 the p8fSOO(s) ....oo did fle worII you are now using. Citing r8SOlXCQS 

aweviately is extl""ieIy irrpJrbnt. ALL scientists do It"is! 

The ~ b.r scuteS may be useful br you research: 
1. RnoI!s' Books offer " weaIdl of information that has been written, reviewed, aod published. These reliable 

SOl.-ces d information are stJOIIfI'/ r ........ ,.'leIded as you oondud. you Il!!le<IrdL 

u 

• 
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 




   STEP 3: Background Research
 • 
To properly clte.!ll wrotten M urce within the text of your peper. presentetion, or other document, you would include the 
all1t1or and year of publ :ca tlon In parenthesis after yeur d ted Informa tion (Example: Graff, 2009). If there are multiple 
lIUthorS. you would ind iClite thi3 by u!oing III a l. lifter the l" lld author' s I1l1me IE)(itmp~' Graff et lI l. , 2009). For websites, 
you 'NOuld ineJude tile website (E)I<lmp,'e: '"",,"w,nooa.go" ;' . To propel1y eJle information from a :.dentist or science e~pe l1. 

you WlJ uid ~clu d lil th ... sci. ntis!'!; nilmlil ~ nd indicallil that it w~s plilrl; ::>nal communic~t ion (E.(amp/v. Gr~ ff. plirsonill 
commun.Ctlt.on, 20091 

Bas ic Background Rvsvarch and Information 
M you conduct your r~Mrch , ther" is cerUi'n i nform~tion you should consid@". Your r~earch should focus on ~ specific 
feature you crm see in astrontlut images of Emth . You shou'd be Dble to :ell ethers gener::al informmion about Ihal ffla ll¥£!_ 
This ilClu d~s wllii l t~ f~alur~ looh i k~ in ~ilrona ut "hoto-;, ra p/ls . II may ~ Iso i1 c1u~ information ~lx>ul wt~ r~ you m ghl 
find this ~/pe of felll ure on Ellrth end how it for~ , II is ~ I so important. if you wi I do a pillnei llry compllri~n . 10 include 
this same information about th:s fea t...-e on ..... hatever planetary body you wit l im'estigate. 

The following 1i~1 of quesboM i ~ provided 10 help gUide ~me 01 ~'cur b~ci(ground ruellrch Thi3 inform~ tion mlly chenge. 
or you may updat", il as you klam mari o Thilr~ may biI ott- inlormation you 1"'91 is im;xatan! to ind ud", as ",,,,n. Add this 
informlltion liS 1Ippro pri~h! _ To pI"O\' ide additionat inform~tio n for YO(" quesl.on. use IIdditional paper as neCeSSI!H) ' 

1. IMPORTANT DEFI NITIONS: Narn~ and wfin", thli fli~t ur"'( i ) you arli i tudying is th'" focus of your rilsilii rch. Ind udll 
other term~ a3~oci~;ed ""ilh our rueerch that are im ~ nl to unde~ltInd _ 

<-<;>11<_ ~_H",,",: .... XftlIOn:IIoK~'" "'. ~oos_~mos: oo""<>'Dn _"""""" ' ,u 20 
N.\a.\ __ "'" 31; .... Ce-te-
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TEACHER NOTES STEP 3: BASIC BACKGROUND RESEARCH AND INFORMATION (SSG page 20)
As students gather basic background research and information, here is where you should consider dividing students into 6 different groups to log information for questions 1-6.  The suggested group divisions are again listed below.  Each group would be responsible for a specific question and would be responsible to share that information with the rest of the class.  As each group gathers their information, they should also list bibliographical information from each source used (as well as summary of information).  

**As Groups finish their questions, as time permits, they should collect and log data on their data table.  Students might want to check with group 6 on geographic regions they should focus on to collect additional data.  You can also have your Team Wiki expert(s) post information from each group on the Team Wikispace, if you are using a Wiki. 

Divide students into the following groups:

GROUP 1:    IMPORTANT DEFINITIONS (pg 20):  [Slide shown here]
This group should list important terms and definitions associated with the team’s research question.  

GROUP 2:  EARTH SYSTEM INFORMATION (pg21): 
Students can refer to the Spheres of Earth activity to help them consider what information to include in this section.

GROUP 3:  FORMATION PROCESS (pg21-22):  
This group would look for specific information on how the feature they are studying is formed.  This group of students should also be responsible to draw (or find) a sketch or diagram with labels to illustrate this.

GROUP 4:  FEATURE DESCRIPTION OR CHARACTERISTICS (pg22):  
This group should think about the characteristics or criteria used to identify the feature the team is focusing on.

GROUP 5:  ASTRONAUT IMAGES (pg23):
This group should list the identification numbers for at least 3 astronaut images that contain the feature they are investigating.  This group should either include the thumbnail image of each of the listed astronaut photos or create a sketch of the photo in the boxes provided.  

GROUP 6:  GEOGRPHAPHIC REGION(S) AND DATA COLLECTION (pg23)
This group should consider what geographic region(s) on Earth the team should focus on for their data collection.   This group should also make observations and log data from images they observe in these geographic regions.  

Lastly, you can ask students to consider if they were doing a planetary body comparison (pg24), which planetary body they might choose and why.  Students should remain focused on their research of Earth first and can consider a planetary comparison investigation at a later time.




   STEP 3: Background Research
 
To PfOI)Qrly cite 3 written SOtKce within tile text of your paper, presentation, Of otIIef docuroonl, you would include the 
author and year of ptj>Iieation in parenthesis after your died in~tion (Example: Graft, 20(9). lilhefe are multiple 
all1hcn, you would indicate this by using et a/. after !he lead author's name (Example: Graff al ai , 20(9). For we~tes. 
you woukl include the websil9 (Example.-www.naSOi.gov). To property cite information from a scienht Of science expert, 
you would iocIode the scieotisr s name and indicate thai it was p9fSOO3I (;()I'J'JffiIJOtion (Example: Gfaff, personal 
communication, 20(9). 

Basic Background Rese81ch and InfORll8t lon 
Iu you conduct y.x.- research, there is certain inloimation you should consider. Your research should Jocu5 on a specific 
Ieat~e you can see in astronaut imagvs of Earth. You should be able 10 tel others !l9IlIIr.I1 infofmation aboullhat feature. 
This iodudes...nat the feature looks like in astronaut photographs. It may also include inforntation about where you might 
Md this type of feature on Earth and how illorms. II is also important, if you will do a planebry comparison, 10 ineJude 
!his same informoJlion about this fe3u.e on wha\evef planetary body you win inveslisate. 

The following list of questions is provided 10 help guide some of your baaground research. This information may change, 
or you may update ~ 3!1 you !earn more. There may be other inform:llioo you feel is importanllo include as well. Add this 
infom13lion as appropriate. To provide additional information for your question, use additional paper as necessary . 

1. IMPORTANT DEFINITIONS: Name and define the feal1Jre(sj you are studyirog as the locus of yoor researeh. Include 
other tenns associated wilt! your research that are important 10 understand 

• Glacier - a mass of fre5hwatef ice !hat formed by accumulation of snowfall on land and flows slowly downhill in 
response 10 gravity 

• Alpme Of Valley Glacltlf - a glacltlr that forms In a mountam VlIIey 
• Crevasse - a deep cracl<. Of C1eVlCe In the Ice of a glaCIer 
• Iceberg - a large mass of ice detached from a gIaCIef and fIoahng III the sea Of a lake 
• Moral!1tI - a mass Of ridge of earth. rock. etc. deposited on the sides (latera! mornne). end (terminal moraine). 

Of between (medial moraine) a glaCIer 
• Vatey - a broad area of Iow-Iymg land SItuated between hih Of mountains and usualy having a river Of stream 

fIowng along ob bottom 
• Ca/vng -the breaking off of an ice mass from the parent glaclef 

• T ennlllus - the end of a glacier 

F I I 

• 
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 
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:2 EARTH SYSTEM INFORrAA TlON: Exp!llin ba~i c informll1ion .!Ioou t thj~ f!atu r~ l: s) inc ,lJd.ng wh ich EIlIth !;~'&em it ~ 

flilla tlild to (l il ho:QIIOsphfjf<;l. hycrosphilr. , almo~phlil [fil . or biosptKlrv) iind how it ii rwl~t~ 10 thai fiystvm. 

• 
3, Al though them is tlt'lllys tin irl1emdicn between Earth's systems. 'Nhich system is most d osely re l.ned Ie the 

felllu ra(5) you IIfl! 5tudying? ______________________________ _ 

b. 'lVhat Is the slgn!ncancellrlllonance.'rcle cf the feature WIttl 'n th is Earth system? ____________ _ 

c. If the feature ~'o u are research ing, as part of ~'cur study. plays a major re le in another Earth ~:r->tem , please explain. 

3. FORMATION FROCESS: 
II DO!!:o.cri~1! till! pmce~5 of hOI'.' this fMrurll i~ fo rmed 

~ EaIII:n:I~:t ,\oOOornIe_ R.,.-.c7a, oM ~ 8"""", <"'"ES) Edoootm Ve __ 10 
NI\3' ~ SNu Ce-.l .. " 
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Groups 2 and 3:  (SSG page 21)

GROUP 2:  EARTH SYSTEM INFORMATION (pg21): 
Students can refer to the Spheres of Earth activity to help them consider what information to include in this section.

GROUP 3:  FORMATION PROCESS (pg21-22):  
This group would look for specific information on how the feature they are studying is formed.  This group of students should also be responsible to draw (or find) a sketch or diagram with labels to illustrate this.  (Continued on next page.)

**As Groups finish their questions, as time permits, they should collect and log data on their data table. 
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2. EARTH SYSTEM INFORMATION: Ellpl3itJ basic infofmation aboullhis fealure(s) irlcluding which Earth s}'5lem it is 

related to (Iitholgeos,phere , hydl'O$phere , atmosphere , or biosphere) and how it is rel:lled 10 Ihal system. 

iI. AlIhough there is always an interaction between EaIth 's systems, which system is most closely related to the 

feature(s) you are sludyiJ'lg? GliKWrs jill! ilW!f!3!est wrtb the hydrosphere 

b. What is Itle significaocefmlpOOaocelroie of tile feature within this Earth system?' __ ~"'''i!gm"",,-,''''''''''U''.''''' __ _ 
quanlrtJes of frash WlIIaf 

c. tfthe feature you are researching, as part of yotM' study, plays a major role in anolher Earth system, please explain. 

Glagm alSQ !IJl!2id !he goo/lithosPhere by changing !he ilpOOilfiOCe of !he surface of !he land as they !T!Oyfl oyer d 

3. FORMATION PROCESS: 
iI. Describe the process of how !his feature is Iormed. 

GIaae~ take hundreds of yeafS to form Snow budds up OYVf \me turning mlo !ayers of IaI The W91Qht of Ihe snow 

builds UP War atilt( year and compresses the !aym toQe\h&r. 

f, 

• 
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 
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 • 
b. Draw a sketch or diagr<lm with labels to I lustrate how this feature forms. 

4 . FEATURE Di:SCRIPTlON OR CHARACTERISTICS. 
"'. What ~ecific ch~ racte ristic;~ are lISed to id@ntitythisfellture(s) in lln ilTlllge?· _____________ _ 

b. Are there "'- rTf fe!llti rea that look ~im il !!. ; to the fMture(5) you are atlKlying but lire actufthy wmeth ing e~e ?' ___ _ 

c. H O\\I do you meke sure you are not misidentifying th is feature? __________________ _ 

D<>edtooUrt, .. :lIleyro:I: ~~ 10<",.<1>"-0 D_ QOen:e,AAl:S , [ duenJn - V""'" JO 
N" ........... " '" .. ~ c ..... ''' 

n 
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Group 3 and 4 questions: (SSG page 22)

GROUP 3:  FORMATION PROCESS (pg21-22):  (Continued from page 21)
This group would look for specific information on how the feature they are studying is formed.  This group of students should also be responsible to draw (or find) a sketch or diagram with labels to illustrate this.

GROUP 4:  FEATURE DESCRIPTION OR CHARACTERISTICS (pg22):  
This group should think about the characteristics or criteria used to identify the feature the team is focusing on.

**As Groups finish their questions, as time permits, they should collect and log data on their data table. 



   STEP 3: Background Research
 • 
b. Draw a sketch ordiagr.lm with labels to ilustratll how Ihis feature iofms. 

--------------------, 

4. FEATURE DESCRIPTION OR CHARACTERISTICS: 
... What specific characteristics are used to identify !his feature(s) WI an image? A g\;ICIif is ali!rae mass of ice and 

snow located in a !T!OUIltainoys area. It often has chunks of ice at !he end of !he glacier. ThrO!.K!hout!he glacier 

there may be visible lines or slreaks. 

b. Ate !here any features 1Il3! look si". .. , to !he fean.e(s) you;re st~ but are actll3lly somelhirog else? __ _ 

PICtures of snow on !he ground can also be mIStaken for glaCl8<S 

c. How do you make SUfI you are no! misidenlifyWlg \hi$ feature? ___ lT~ol~,.k.'L_""'""""'C~!!!!'"""O!!"""""''''''''''''''''~!!!! 

use !he characteristtts listed itboVII. 

" 
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 




   STEP 3: Background Research
 
5. ASTRONAlli IMAGES WITH THIS FEATURE: Us! the image identifl cati tm numbers for at least thrEe aslronau\ 

photographs that ilclude thi! featu r~s ) j CAJ ~ni! in'Nstigating. Includi1 a Ull!mbna~ imagli! of i!itCh listed astronaut 
photograph or include il sketch of each image ill Ine boxes belew. 

• 
A~. ==========~ e~.==========~c~. ==========~ 

6.GEOGRAPHIC REGION OF FOCUS: Whllt ~pecific geogrl!phic rl'!g iQn(~) on ElI ,1h wi l you focu~ on to ob~er\'O!! thi~ 
feature(s). and wh~'? Reg:ons can be continents. countries. Iatltude:longtrude ranges, cr some other geographic 
dis:ilclion. 

"'_ UfIl __ : • • ~. I< .. u",." ~=>1 """"'" :N<~' ) «L<:loon _ , .. ..... J ,U 
N'.3.' JGtr""", ~ ::em.. 
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Group 5 and 6 Questions:  (SSG page 23)

GROUP 5:  ASTRONAUT IMAGES (pg 23)
This group should list the identification numbers for at least 3 astronaut images that contain the feature they are investigating.  This group should either include the thumbnail image of each of the listed astronaut photos or create a sketch of the photo in the boxes provided.  

GROUP 6:  GEOGRPHAPHIC REGION(S) AND DATA COLLECTION (pg 23)
This group should consider what geographic region(s) on Earth the team should focus on for their data collection.   This group should also make observations and log data from images they observe in these geographic regions.  

**As Groups finish their questions, as time permits, they should collect and log data on their data table. 




   STEP 3: Background Research
 
5. ASTRONAUT IMAGES WITH THIS fEATURE: lisllhe image KMlnliliwrtion numbers for alleast tIww astJooaut 

photographs lhal include !he leature(s) you are invesligatng. Indude .. lhumbna~ image of each listed astronaut 
phoIograph or nclude;ll sketch of each image in the bo~es bek1w. 

A. '$$01Q.E-5807 B. ISS022·E_78363 C. ISsooH-13260 

6.GEOGRAPHIC REGION Of FOCUS: Vdtat spacific gwgr.Jphic: rvgion(s) on Earth 'Nil you focus on to OOwrva !his 
feature{s), and why? Regions can be continents , countries , btitudeJIongitude ranges, or some oth&r geogrophic 
distindion. 

Our geographtc [IIQlo!! of locus IS South Am!!nca We SOO!Tl!Id 10 h;lye the easiest lime fndjng large nymbe() of 

astronaut IffiiKJes of glaaers showlOg change Qyef extended penods of bole 11M teglOO 

• 
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 
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7. PLANETARY COMPARISON: If you plan to wnducl a p lan~lary body compari son . ..,hal p'an~lary body wi U you 

corJl)are Iilis felJ ture to on Earth? Inc lids M explanaM n as to why you selected th is planetary body. 

• 

If you plan to conduct il planetary body compari son. you should underslil l'ld how Ihis feature and relote ~ processes w Of!( 

on Earth firs!. ,I>.J th is point you may COns iW f thi' possibili ti of doing oomparaHv ... research but you are li!ncouraged to 
complete your Earth-bosed research fIrSt. 

Continue L.ogglng Data and Making Addldonal Observations 

AS you continue With your research. maKing ob~el1,'atlo ns of Images [s also part cf background ln1ormat:on, 
The mere ob!.ervlltions)lou log, th~ more you '(~ I gll in lin under~~ndi ng cf how the procl!<5S i'I~socillled with 
ycur filirturi(i) milly work... USIi your k;I~m d~ la t~bl il (discuss'id on paga 17) to log il il infOllTl~ l i on <lgrlliid 
upon for e'ler., image you observe At th~ point you ~hau l d ~ m~king obse rv.!l t ia n~.!Ind logging d~tll _ 

E.oOOiIion E>rI' JRlIloyro:l: ,~_ ~..,j ~'1iooI S...,« :AAES) Eruoolm Ve ..... 10 
HA3II Jc:tt-i>oo 3<»0" Cork 
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**As Groups finish their questions, and as time permits, students should collect and log data on their data table. (SSG page 24)

Once students all finish gathering their data, dedicate some time to have students report out their information to the class so everyone can be aware of the information gathered.  You might choose to do this during 1 class period.  

Lastly, you can ask students to consider if they were doing a planetary body comparison, which planetary body they might choose and why.  Students should remain focused on their research of Earth first and can consider a planetary comparison investigation at a later time. 
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7 _ PLANETARY COMPARISON: If you pI;1n 10 conduct a planetary body comparison. what planetary body will you 

compaot this fealure to on EaJth1 Include an explall3tion as to why you sel!K;l8d this planetary body. 

• 
We woykl rornDi!@ Earth 10 MaG The European Span Ageocy'J Mars Express released ;10 .mage of Kaw! 'hIles laken 

on February 25, 2005. The picture indicates the possibility of glacief activity. 

Note. This student model wiI locus on the study of glaciers on Earth only. but students c:oukl do a planelaly comparison 
later on as an extension. 

If you plan to coodoct a pIaoebry body comparisoo, you should understand how this feature and related processes work 
on Earth first Allhis poW you may consider the possib6ly of doing comparative research but you are encouraged \0 
oomplele your Earth-based rese3rd1 first 

Continue logging Data and Making Additional Observations 

As you continue with your research , making observations of images is also part of backgroond infonnation. 
The more obseNations you log, the more you wil gain an understanding of how tile process associated with 
'fOOl fealufe(s) may wewt. Use your team data table (discussed on page 17) 10 log aI ioformatioo agreed 
upon for every image you observe. AI this point you!lhould be making observations and logging dab. 
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STEP 3: Background Research 
Team Workspace Suggestions 

WHAT TO POST ON YOUR TEAM WORKSPACE: 
1. List important terms and definitions specific to your research. 
2.	 Explain basic information about which Earth system the feature you are 

studying is related to and how it is related to that system. 
3. Describe and/or show how this feature is thought to form. 
4.	 Describe the characteristics or criteria for identifying this feature in 

astronaut photographs. 
5.	 List or show 2-3 astronaut images that include the feature you are 

investigating. (List Image ID#s, links to images, or thumbnail or sketch 
of images.) 

6.	 List the specific geographic region(s) on Earth you will focus on to 
observe this feature and why. 

7. If you will conduct a planetary comparison, please explain. 
8. List any other important details about your research. 

OTHER RECOMMENDATIONS:  
1.	 List the complete bibliographical details from each source used in the BIBLIOGRAPHY 

section of your Team Workspace. 
2.	 List other useful glossary terms in the GLOSSARY section of your Team Workspace. 

Presenter
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TEAM WORKSPACE WIKI SUGGESTIONS:  STEP 3
Have your Team Workspace Wiki expert(s) post the above information on the wiki.  



 

  
  

  

  
   

 

 
 
  

 

STEP 4:
 
Experiment Design
 

IMPORTANT ASPECTS OF STEP 4: 
•With your developing knowledge and observations, you will 
likely adjust and refine your preliminary question. 

•Once you “finalize” your question, it is essential to decide on a 
strategy, a list of steps or methods, to gather data consistently 
to help you answer your question. 

MAIN GOALS OF STEP 4: 
1.	 Finalize your research question. 
2.	 Finalize your plan on what data to collect and where you will 

gather that data. 

3.	 Make sure everyone logs data consistently. 

Presenter
Presentation Notes
TEACHER SUGGESTIONS:
Approximate time frame to complete Step 4:  ~1 class period
Grouping Suggestion:  It is recommended to have your students work in groups of 4-8 students.  
Other Teacher Notes:   Once students finalize their research question and experiment design, if they are logging their information on a Team Workspace Wiki, this is when they would be contacted by a mentor who will provide input and suggestions as the students continue.  A mentor will contact a class through the DISCUSSION area of your Team Wiki.  

*************************************************************************************
TEACHER NOTES STEP 4:
At the beginning of each step of the process, it’s a good idea to go over the important aspects and the main goal of each step.  This will give students an overview and preview of what they will focus on for each step within the process of science as they conduct their investigation.    




  STEP 4:  Experiment Design
 • 
STEP 4: Ex erlment Desl n 

By this time you have looked at many images that include the feature(s) you are researching. You should 
have also learned more about processes associated with this feature. As you learn more , refinements and 
changes to your question may occur. Before you move on, you should revisit your current research 
question . Decide if your question should be refined or even changed. 

Once you finalize your question and hypothesis. the rest of your research should focus on answering your question and 
either supporting or refuting your listed hypothesis. This step in the process of science also involves formalizing your list 
of procedures or methods to conduct your experiment (experimental design). 

Refining your question: List your current research question. Based on new knowledge you now have and observations 
you have made, discuss and refine this question as necessary. Once the team agrees upon the final refined research 
question, be sure to also refine your hypothesis. Include observations and knowtedge that support this hypothesis. 

Current Research 
Question 

Suggested 
Refined Research 

Question 

Final Refined 
Research 
Question 

(After discussing 
options with the dass) 

Hypothesis 
(Indude observations 
and other knowledge 

that support this 
hypothesis.) 
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TEACHER NOTES STEP 4:  EXPERIMENT DESIGN (Student Scientist Guidebook (SSG) page 25)
Let students know they should think about their current research question, the information the team has researched up to this point, and decide if they should further refine their science question.  Make sure everyone remembers the current science question from page 18 of the Student Scientist Guidebook.  Write it on the board or display it in the front of the room.  Have students write down the current research question on this page (page 25) of the Student Scientist Guidebook to help them begin their group discussions.  

Before breaking students into groups of 4-8, you might want to review and discuss the current progress of the team’s research.  You might consider showing the current information posted on the Team Wikispace (if your team has a Wiki page).  You might have some thoughts and ideas you think the students should consider as they consider refining their question.  Be sure to bring up those ideas to help “lead” students as you feel necessary. 

Give student groups 5-10 minutes to discuss whether or not they think their question should be adjusted or refined in any way.  Have student groups list their suggested refined research question in the Guidebook (middle box of page 25) and prepare to discuss as a class.   

Discuss potential refined questions as a class.  One option is to have each student group write their suggested revised question on the board for comparison and for discussion.  Discuss suggested refined research questions and decide what the team’s final refined research question should be.  Keep in mind that students can keep their original question if they feel there is no need to revise or refine it.  Try to encourage students to have as specific a question as possible.   

After the team discussion, students should list the team’s final refined research question in the third section of the table on page 25.  They should also formulate and list their hypothesis including observations and other knowledge that supports their hypothesis.  This will be the hypothesis they look to support or refute at the end of their research.  You might consider posting the students final question and hypothesis somewhere in the room so students can reference and focus on that information as they continue with their investigation.    




  STEP 4:  Experiment Design
 • 
STEP 4: Experiment Design 

By this time you have looked at many images that include the feature(s) you are researching. You should 
have also learned more about processes associated with this feature. As you learn more, refinements and 
changes to your question may occur. Before you move on, you should revisit your aurent research 
question. Decide if your question should be refined or even changed. 

Once you finalize your quest"" and hypothesis, the rest of your research should focus on answering your question and 
either supporting or refuting your listed hypothesis. This step in the process of science also involves formalizing your list 
of procedures or methods to conduct your experiment (experimental design). 

Refining your question: List your current research question. Based on new knowledge you now have and observations 
you have made, discuss and refine this question as necessary. Once the team agrees upon the final refined research 
question, be sure to also refine your hypothesis. Indude observations and knowtedge that support this hypothesis. 

Current Research 
Question 

Suggested 
Refined Research 

Question 

Final Refined 
Research 
Question 

(After discussinQ 
options with the class) 

Hypothesis 
(Indude observations 
and _ koowIedge 

11131 Stwort this 
hypothesis.) 

lMlat types of changes are occurring to the glaciers found in South America? 

lMlat types of changes are occurring to the glaciers found in Argentina and Chile? 

/ve the glaciers retreating, advancing, or staying the same? 

lMlat types of changes are occurring to the five glaciers (Viedma, Upsala, Perito Moreno, Chico, 
and Grey) found in South America? 
lMlat types of changes are occurring to the five glaciers (Viedma, Upsala, Perito Moreno, Chico, 
and Grey) found in South America? 

" Note: Some groups may fi.w1her refine their question or may leave the question as or;ginaJly written. H 

All fIVe glaciers will have visible and measureable evidence of retreat 

We base this hypothesis on the images we have observed so far. We also base this on 
information we read in class that talks about warming temperatures and climate change on Earth. 
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.  

Note the very specific final refined research question.  Also note that the hypothesis can be tested.  Information is also included that supports this hypothesis.



  STEP 4:  Experiment Design
 • 
EXPERIMENT DESIGN (METHODS) 
It is Important to make sure everyone Is collecting the same data from each Image and that the experimental design for 
collecting your data Is consistent. Answer the following questions. Then discuss these questions as a team. It Is 
important to make sure you and your teammates are consistent with your plan. 

IMAGE DATA COLLECTION: 
1. Name and describe the specific data set you will use as the primary source of Image data for your research of Earth. 

2. List each specific piece of data you will log from each image you observe (see your team data table discussed on page 
17 for reference): 

3. How many images, at a minimum, will you observe overall in order to draw conclusions about your research? __ _ 

4. What specific geographic region(s) on Earth wil l you focus on to gather your data? ____________ _ 

Expedition Earth and Beyond: Astromatenals Research:K'ld Exploration SCience (ARES) Ewcation - Version 3.0 
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TEACHER NOTES STEP 4:  EXPERIMENT DESIGN (SSG page 26)
As a class or in groups of 4-8 students, discuss the information on pages 26- 28.  Have students fill in the answers to each question.  The following are some thoughts/suggestions to make sure students address as they answer each question:

IMAGE DATA COLLECTION:
Question 1:  Students will likely have “astronaut photos” as their primary source of image data for their research on Earth.  Depending on their research, it will be useful to use other sources of data.  If students want to request a new astronaut photo, they should be sure to use astronaut images as part of their image data.

Question 2:  Students should list each piece of data they want to log from each image they observe. Students likely already have this information listed from page 17 but they should reconsider this data to make sure their current list of data still meets the needs of their final research question.  

Question 3:  Students should consider how many images, at a minimum, they will want to collect data from in order to draw their conclusions.  This should be a suitable number of images for their research based on their time, data already collected, number of students on the team, etc. 

Question 4:  Students may or may not have a specific geographic area(s) they want to focus on to best answer their question.  This depends on their question.




  STEP 4:  Experiment Design
 • 
EXPERIMENT DESIGN (METHODS) 
It is important to make sure everyone is collecting the same data from each image and that the experimental design for 
ccllecting your data is consistent. Answer the following questions. Then discuss these questions as a team. It is 
important to make sure you and your teammates are consistent with your plan. 

IMAGE DATA COLLECTION: 
1. Name and describe the specific data set you will use as the primary source of image data for yo..- research of Earth. 

Our class decided we would use the Google Earth link within the Astronaut Photography of Earth Websrte 

(httpJleoUsc.nasa.QOvlscriptsiSSEOPIGoogleMapsQuerv.pl)to locate glaciers that are in South America (Chi le and 

Argentina). Once we did this. we were able to get a list of the glaciers. 

2. List each specific piece of data you will log from each image you observe (see your team data table discussed on page 
17 for reference): 

Image 10 Number Glacier Name Qualitative Observations 

Date Image Was Taken Latitude Longitude 

CounlIy Lens Size 

3. How many images, at a minimum, will you observe overall in order to draw conclusions about your research? 15 

4. What specific geographic region(s) on Earth will you focus on to gather your data? ___________ _ 

We will focus on the Patagonian Ice Fields in South America (Argentina and Chile). 
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.




  STEP 4:  Experiment Design
 • 
OTHER DATA SETS: 
1. What other data sets of Earth will you use, if any, to support your research of Earth? ___________ _ 

2. Expla in how you will use each of these other data sets to help support your research? ___________ _ 

MEASUREMENTS: 
If you are going to make measurements, list the procedure you will use to ensure all measurements are made in the same 
consistent manner. This may be a list of steps or instructions you will follow. 

SOURCES: 
List each source you will use to gather data AND include bibliographical information (see information provided below). If 
there is specific information you need to elaborate on regarding how to navigate a website to retrieve your 
data/information, feel free to provide those details. Use additional paper, as necessary. 

BOOK/JOURNAL/MAGAZINE ELECTRONIC SOURCE (Internet) SCIENTIST/SCIENCE EXPERT 

a) Author Name(s) (Last name, first name) a) Author/Organization (if available) a) Scientist Name (Last name, first name) 

b) Name of Book/JournallMagazine b) Name of website b) Affi liation (where scientist works ) 

c) Publisher c) Publication date (if one is listed) c) Date of conversation 

d) Year of publication d) Date(s) you accessed the site d) Means of communication (Wiki, 

e) Pages where infonnation was obtained e) Website address distance learning connection, personal 

f) Summary of infonnation obtained f) Summary of information obtained communication) 
e) Summary of information obtained 

Expedition Earth and Beyond: Aslromaterials Research and Exploration Science (ARES) E<Ucation - Ve~ 3_0 
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TEACHER NOTES STEP 4:  EXPERIMENT DESIGN (SSG page 27)
As a class or in groups of 4-8 students, discuss the information on pages 26- 28.  Have students fill in the answers to each question.  The following are some thoughts/suggestions to make sure students address as they answer each question:

OTHER DATA SETS:
Question 1:   If there are other data sets students plan to use to answer their question, make sure they identify those. 

Question 2:  Students should explain how they will use each of these other data sets to help support their research. They should also list what specific data they will collect from those other sources/data sets as applicable.

MEASUREMENTS:
If students plan to make measurements, it will be important for them to come up with a consistent set of steps to make consistent measurements.  You might ask the actual group of students who will make any measurements to create a list of steps they will use for any measurements being made. 

SOURCES:
Students should list each source they will use to gather data or information as part of their research.  It is important to keep track of bibliographical details as well as a summary of information obtained from each source.  Students may have started gathering and listing sources as they gathered completed Step 2:  Background Research (pg19). 



  STEP 4:  Experiment Design
 • 
OTHER DATA SETS: 
1. What other data sets of Earth will you use, if any, to support your research of Earth? We will use Google Earth. 

2. Explain how you will use each of these other data sets to help support your research? We wi ll use Google Earth to 
measure any changes in the glaciers based upon surrounding landmarks. 

MEASUREMENTS: 
If you are going to make measurements, list the procedure you will use to ensure all measurements are made in the same 
consistent manner. This may be a list of steps or instructions you will follow. 

o We will find the glaciers we are studying in Google Earth. 
o We will identify a permanent feature in Google Earth found near the end of the glacier as it appears in each 

of the astronaut photographs and measure the feature using Google Earth's measuring tool, and use that as 
a standard. 

o If the images were taken using different foea length lenses, we will enlarge or shrink the image so that the 
size of the feature appears to be the same in each image. 

o We will try to only use images that were taken as dose to the nadir angle as possible. 

SOURCES: 
list each source you wi ll use to gather data AND include bibliographical information (see information provided below). If 
there is specifc information you need to elaborate on regarding how to navigate a website to retrieve your 
data/information, feel free to provide those details. Use additional paper, as necessary. 

BOO~JOURNAUMAGAnNE ELECTRONIC SOURCE (Internet) SCIENTIST/SCIENCE EXPERT 

a) Author Name(sl (last name, first name) a) AuthorlOrganization (if available) a) Scientist Name (last name, first name) 
b) Name of BookIJoumal/MagaZine b) Name of website b) Affiliation (where scientist worKs) 
c) Pul>isher c) Pul>icalion date r~ one is listed) c) Date of conversation 
d) Year of publication d) Date{s) you accessed the site d) Means of communication (Willi, 
e) Pages where information was obtained e) Website address distance leaming conneciion, personal 
f) SUmmary of infonmation obtained f) SUmmary of information obtained communication) 

e) SUmma", of information obtained 
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  STEP 4:  Experiment Design
 • 
Fill In the information below for each source you will use/have used for your research. 

SOURCE #1 

SOURCE TYPE (circle one): Book Journal Magazine Electron ic Source Science Expert Other ____ _ 

BIBLIOGRAPHICAL INFORMATION: 

SUMMARY OF INFORMATION OBTAINED: 

SOURCE #2 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other ____ _ 

BIBLIOGRAPHICAL INFORMATION: 

SUMMARY OF INFORMATION OBTAINED: 

Expedition Earth and Beyond: Astromateriats Research and Exploration Science (ARES) Ewcation - Version 3.0 
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TEACHER NOTES STEP 4:  EXPERIMENT DESIGN (SSG page 28)
Students should list each source they will use (or have used) to gather data or information as part of their research.  It is important to keep track of bibliographical details as well as a summary of information obtained from each source.   Students should fill out the information based on the source used.  

The listed sources should be included on the EEAB Team Workspace Wiki in the BIBLIOGRAPHY Section. 

Print extra source information pages as necessary.




  STEP 4:  Experiment Design
 
SOURCE #3 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other ____ _ 

BIB~IOGRAPHICA~ INFORMATION: 

SUMMARY OF INFORMATION OBTAINED: 

SOURCE #4 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other ____ _ 

BIB~IOGRAPHICA~ INFORMATION: 

SUMMARY OF INFORMATION OBTAINED: 

As necessary. include additional sources of information or additional details retrieved from each source on a separate 
piece of paper. 

Expedition Earth and Beyond: Astromaterials Research and Exploration Scieoc:e (ARES) EdJcation - Version 3.0 
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TEACHER NOTES STEP 4:  EXPERIMENT DESIGN (SSG page 29)
Additional page to list sources. Print extra source information pages as necessary.





  STEP 4:  Experiment Design
 
Fill in the information below for each source you will use/have used for your research. 

SOURCE #1 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other ____ _ 
BIBUOGRAPHICAL INFORMATION: 
Author/Organization: Image Science and Analysis Laboratory, NASA-Johnson Space Center 
Name of website: The Gateway to Astronaut Photography of Earth 
Publication Date: January 10, 2011 - May 6, 2011 
Date Accessed: January 10, 2011 - May 6, 2011 at least once a week 
Website Address: http://eotjsc.nasa.go.' 

SUMMARY OF INFORMATION OBTAINED: 
We obtained the astronaut photographs and metadata used for our research at this srte. We also obtained background 
information from the captions written for many of the images. 

SOURCE #2 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other ____ _ 

BIBUOGRAPHICAL INFORMATION: 
Author/Organization: Google 
Name of website: Google Earth 
Publication Date: ©2011 Cnes/Spot Images, ©2011 
Date Accessed: April 25, 2011 - May 6, 2011 
Website Address: http://www.google.com/earthiindex.htmL 

SUMMARY OF INFORMATION OBTAINED: 
We used Google Earth to zoom into the region where the glaciers we were studying are located. We also used the 
Google Earth measurement tool to determine the approximate change to each glacier's terminus from one date to 
another. We were able to create our regional and continental maps using this website as well. 
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  STEP 4:  Experiment Design
 
SOURCE #3 
SOURCE TYPE (circle onet: Book Journal Magazine Electronic Source Science Expert Other ____ _ 

BIBLIOGRAPHICAL INFORMAnON: 
Author/Organization: BBC News 
Name of website: BBC News 
Publication Date: Not listed 
Date Accessed: February 16, 2011 
Website Address: 
http://news.bbc.co.uk/2/sharedlSJll!hilpicture galierylO5Isci nat how the world is changinglhtmU1.stm 

SUMMARY OF INFORMATION OBTAINED: 
This website provided us with information, data, and pictures taker of the Upsala Glacier. The data included 
measuremerts taker from various expeditions to the glacier. It stated that Argertina's Upsala Glacier was once the 
biggest in South America, but it is now disappearing at a rate of 200 meters per year. 

SOURCE #4 

SOURCE TYPE (circle onet: Book Journal Magazine Electronic Source Science Expert Other ____ _ 

BIBLIOGRAPHICAL INFORMAnON: 
Scientist Name: Runco, Susan 
Affiliation: NASA Johnsen Space Center 
Date of conversation: February 14, 2011 
Means of communication: personal communication 

SUMMARY OF INFORMATION OBTAINED: 
We discussed how astroraut photographs are continuing to be acquired to aid in the study of South American 
glaciers. Dr. Runco talked abcut how it has beer noted that these glaciers appear to be changing over time. 

As necessary, include additioral sources of informatior or additional details retrieved from each source or a separate 
piece of paper. Note: See Additioral Source Pages 1 and 2. 
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  STEP 4:  Experiment Design
 
Additional Source Page 1 

SOURCE # 5 

SOURCE TYPE (circle one): Book Joumal Magazine Electronic Source Science Expert Other ____ _ 

BIBLIOGRAPHICAL INFORMA nON: 
Author/Organization: PATAGONIA-ARGENTINA. COM 
Name of website: PATAGONIA-ARGENnNA.COM 
Publication Date: @ 1999-2011 Patagonia-Argentina.com 
Date Accessed: February 16, 2011 
Website Address: http://www.patagonia-argentina.corTvVandina/glaciaresiglaciarupsala.php 

SUMMARY OF INFORMATION OBTAINED: 
This websne provided us with infoonation, dala, and pictures taken of the Upsala Glacier. The data induded 
measurements taken from various expeditions. This site also stated that Argentina's Upsala Glacier was once the 
biggest in South America, but it is now disappearing at a rate of 200 meters per year. 

SOURCE# 6 

SOURCE TYPE (circle one): Book Journal Magazine Electronic Source Science Expert Other ____ _ 

BIBLIOGRAPHICAL INFORMA nON: 
Author/Organization: Extreme Ice Survey 
Name of website: Extreme Ice Survey 
Publication Date: @2011 Extreme Ice Survey 
Date Accessed: January 10, 2011 - February 11, 2011 at least twice a week 
Website Address: http://www.extremeicesurvey.org!index.php 

SUMMARY OF INFORMATION OBTAINED: 
This websne gave us background information about glaciers as well as detailed information about glaciers and dimate 
change. 
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  STEP 4:  Experiment Design
 
Additional Source Page 2 

SOURCE # 7 
SOURCE TYPE (circle one): BooI< Joumal Magazine Electronic Source Science Expert Other ____ _ 

BIBUOGRAPHICAL INFORMATION: 
Author/Organization: Argentina Travel Guide 
Name of website: All About AR: Argentina Travel Guide 
Publication Date: © 2010 All About AR 
Date Accessed: February 16, 2011 
Website Address: h!lp:llwww.allaboutar.com/ard cala petito moreno.hlm 

SUMMARY OF INFORMATION OBTAINED: 
This websrte provided us wrth information, data, and pictures taken of the Perito Moreno Glacier. The data induded 
measurements taken from various expeditions. The site slatee that the Perito Moreno Glacier is unique in a variety of 
facets, including rts size, scientific significance, and accessibility. This site statee that the glacier is advancing. 

SOURCE # 
SOURCE TYPE (circle one): BooI< Joumal Magazine Electronic Source Science Expert Other ____ _ 

BIBUOGRAPHICAL INFORMATION: 

SUMMARY OF INFORMATION OBTAINED: 
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STEP 4: Experiment Design 
Team Workspace Suggestions 

WHAT TO POST ON YOUR TEAM WORKSPACE: 
1. List the team’s final research question. 
2. List your team’s hypothesis.	 Include a brief explanation of observations 

and other knowledge that support this hypothesis. 
3. List the specific data you will log from each astronaut photograph or 

image you observe. If you are focusing on a specific region of Earth, 
provide those details as well. 

4. If you will use any other data sets to support your research, explain what 
other data you will gather and how you will use that data to help answer 
your question. 

5. Include details of what you will measure in addition to the procedure you 
will use to obtain your measurements. 

RECOMMENDATION: If you have multiple websites or sources you will use 
for data collection, be sure to list each one separately in the 
BIBILIOGRAPHY section of your Wiki. 

Presenter
Presentation Notes
TEAM WORKSPACE WIKI SUGGESTIONS:  STEP 4
Have your Team Workspace Wiki expert(s) post the above information on the wiki.  




  
 

  
    

      
   

   

 
      

    

         
     

STEP 5: Collect & 

Compile Data
 

IMPORTANT ASPECTS OF STEP 5: 
•Data must be collected and logged consistently. 

•Once team members have collected data, it needs to be compiled onto 
one master data table so all the data can be displayed and later analyzed. 

•The more data you have, the better your conclusions. 

MAIN GOALS OF STEP 5: 
1.	 Collect and compile data into a master data table(s). Make sure all data 

is logged for every image and make sure the data is logged consistently. 

2.	 Decide what new data you might want to request. Fill out and submit a 
Data Request Form (1 request form per class). 

Presenter
Presentation Notes
TEACHER SUGGESTIONS:
Approximate time frame to complete Step 5:  ~1-2 class periods
Grouping Suggestion:  It is recommended to have your students work in groups of 2-4 students.  
Other Teacher Notes:   You might look for 2 student volunteers who would be willing to create the master data table(s) as a spreadsheet.  Having the table(s) as a spreadsheet will allow the data to be sorted more easily.  If you have a data table that includes metadata and observations of images and another data table for another source of data, make sure to compile each set of data onto their own master data table.

*************************************************************************************
TEACHER NOTES STEP 5:
At the beginning of each step of the process, it’s a good idea to go over the important aspects and the main goal of each step.  This will give students an overview and preview of what they will focus on for each step within the process of science as they conduct their investigation.    




    STEP 5: Collect & Compile Data• 
[ STEP 5: Collect and Compile Data I 

Once you have your experiment design in place, you will continue to collect and compile your data. You 
should have an overal l goal for the number of images you want to observe. This number should be based 
on what your team bel ieves is a suitable amount of observed images to draw conclusions about your 
question. Once you have all the data you planned to collect, you will want to compile the data from each 
team member Into one master data table. 

As you compi le the data, make sure that you have a complete set of logged data for every image. You may have logged 
information from an image someone observed early in the process before the data table was finalized. If this is the case, 
be sure to go back and log any missing data. Once all the data is included on the master data table, clean up the data by 
making sure it is all recorded consistently. If you have a hand·written data table, consider recreating it using a 
spreadsheet (Le., Microsoft Excel , Google DOCS). 

When you have your master data table with all your data compiled, you may decide there Is additional Image data you 
wish you had as part of your research. First, make sure the data relates to your research. Second, as an Expedition 
Earth and Beyond (EEAB) participating team, you have the opportunity to request new data. There are certain 
requirements for submitting a request for new data . They are: 

• Only one Data Request Form per class can be submitted . Forms are available on the EEAB website. 
• Only the teacher/adult faci litator can submit the Data Request Form. 
o The Data Request Form includes a section to be fi lled out by the teacher and information that should be fi lled 

out by student team members. 
o If your team submits a Data Request Form, you must realize it may take a month, semester, or more to acquire 

that image. Completing your team research should not depend on a new image. See the Student Scientist 
Introduction PowerPoint presentation for image acquisition factors. 

After your Data Request Form has been submitted, the team should continue with their research. Remember, finish ing 
your team research should not depend on a new image of Earth. 

Submitting a DA TA REQUEST FORM Is OPTIONAL, Only one fo"" can be submitted per class, 
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TEACHER NOTES STEP 5:  COLLECT AND COMPILE DATA (SSG page 30)
There are 2 parts to Step 5:
Collect and compile all data onto a master data table(s).  
Fill out Data Request Form (optional)

1.  Collect and Compile Data onto a Master Data Table(s)
Depending on the data students plan to collect, they may have more than 1 data collection table.  For example, they might have the following:
Data Collection Table for all imagery (astronaut photographs in additional to imagery from other sources)
Data Collection Table for other data being collected for their research

Note:  It is a good idea to have all “like” data compiled into one master data table.  Students may later decide to create tables that include a subset of data taken from the master data table(s).   If you can have students create the master data table(s) using a program like Microsoft Excel or a Google Docs spreadsheet, that would be useful later as they sort data or create subset tables.   Note:  Google Docs Spreadsheet is compatible with Wikispaces and can easily be inserted onto your Team Wiki page.     

As students prepare to compile their data onto a master data table, have them do the following:
Have each student examine their own data tables to make sure they have all information consistently logged on their log sheet.  If student pairs or groups have the same data logged, they should decide which data table is the neatest and should be submitted to whoever is compiling the data on the master data table.    
Students should make sure they have all data for each image logged.  If they are missing any information for a given image, they should go back and fill in that missing data.  (This may have occurred with students who collected and logged data during Step 3 prior to completely finalizing their data table.)

While you have students compiling data, you can have other students 1) Continue to collect data and/or 2)Create a list of potential images the team might want to have acquired by an astronaut onboard the International Space Station.  

2.  Fill out Data Request Form (optional) – see next slide
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TEACHER NOTES STEP 5:  COLLECT AND COMPILE DATA (Data Request Form)
Note:  The Data Request Form is not included in the Student Scientist Guidebook.  It is available at the EEAB Website:  http://ares.jsc.nasa.gov/ares/eeab/curricularmaterials.cfm

Discuss with students the Data Request Form and let them know they have the opportunity to submit their request for an image to be taken by astronauts onboard the International Space Station (ISS).  You can either assign a couple of groups with the task of providing options for the class to vote on as far as what image requests the team should submit or you can have students come up with options for homework.   Only classes working as 1 team can submit a data request.

This step is optional.  For student teams that submit an accepted request, once the image(s) are down on the ground, the student team will have the option to choose 1 image as a special team image to be printed as an 8 ½ X 11” mini poster for each student on the team.  

You might consider giving students a couple of days (their own time) to consider what areas they might want to request for new imagery from the International Space Station.  After a couple of days, have students present the image request options for the class to vote on.  Students should make sure they consider how the new data will support their research.  Students should vote to finalize their selection of the 2 image requests that will be included in the Data Request Form.    Requests should be listed in priority order.  Have a couple of volunteer students complete the Data Request Form for the teacher to submit to the EEAB program.  

Students should realize the following:
The image request(s) must be aligned with the research students are conducting.  Page 1 of the Data Request Form asks for information that will help justify the image request.
Image requests taken from the ISS must be within a latitude range of 52N and 52S.  The ISS orbits within this latitude range.
Students need to fill out all information on the Data Request Form and be sure to include a screen shot of the area they would like imaged.  
The teacher should email the Data Request Form and the requested screen shots of desired target areas to the EEAB program.  

IMPORTANT NOTES FOR TEACHERS:
Only 1 Data Request Form can be submitted per class.
The teacher should email the Data Request Form and requested screen shots of target areas to Paige Graff at paige.v.graff@nasa.gov
The teacher will be notified if the request has been accepted.
Requests can take a few weeks, months, a semester, or longer to be acquired.  This is based on orbit of the ISS, cloud cover, and other tasks astronauts might be working on that take precedence.  Completion of student research should not depend on the new data.  The new data should help support their research. 




   

 
      

     
 

   

  

STEP 5: Collect & Compile Data
 
Team Workspace Suggestions
 

WHAT TO POST ON YOUR TEAM WORKSPACE: 
•Your master data table(s) that includes of all your team's
 
collected and compiled data. If you collect additional data,
 
you should post an update of your data table(s).
 

•List details about the 2 image requests you will 
submit/submitted to NASA to have included in the Crew Earth 
Observation target list sent to astronauts on board the 
International Space Station. 
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TEAM WORKSPACE WIKI SUGGESTIONS:  STEP 5
Have your Team Workspace Wiki expert(s) post the above information on the wiki.  





  
  

  

   

 

        

 
    

 
    

STEP 6: Display Data
 
IMPORTANT ASPECTS OF STEP 6: 
•Displaying your data helps you organize it. 

•You can display data in a variety of ways: 
1. Data table 
2. Graphs 
3. On a Map 
4. Annotated or captioned image illustrations 

•General observations of data displays help you think about general trends 
the data are showing. 

MAIN GOALS OF STEP 6: 
1. Decide on the different ways to display your data. 
2. Create your data displays. 
3. List observations of data displays. 

Presenter
Presentation Notes
TEACHER SUGGESTIONS:
Approximate time frame to complete Step 6:  ~2-3 class periods
Grouping Suggestion:  It is recommended to have your students work in groups of ~2-4 students.  
Other Teacher Notes:   As you begin Step 6, it is important to do the following:
Display the team research question and hypothesis in the front of the room.  Students should focus on their question and hypothesis as they decide on ways to display their data.  
Each student or student group should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

*************************************************************************************
TEACHER NOTES STEP 6:
At the beginning of each step of the process, it’s a good idea to go over the important aspects and the main goal of each step.  This will give students an overview and preview of what they will focus on for each step within the process of science as they conduct their investigation.    





 STEP 6: Display Data
 • 
STEP 6: Display Data 

Science research projects and investigations are strengthened by the data that provides evidence to 
support conclusions. Therefore, displaying your data is extremely important. Once you have finished 
collecting and compiling your data you will need to make sure you can list, organize, and display your data 
clearly. This will allow you to answer your question and support or refute your hypothesis. 

With every aspect of your research, but especially as you get ready to display your data, it is important for you to focus on r;:::::::.::= .00 '"'''' """'00", '"'' '"'00 oo~ 

I Hypothesis: 

With your question and hypothesis in mind , there are three action items you should follow as you consider displaying your 
data. Each action item is described in more detail in the pages that follow. 

DISPLAY DATA ACTION ITEMS: 

A. Discuss data display options : Look at the four data display options described in this section (data table, 
graphs, maps, image illustrations), and decide which ones best apply to your research_ 

B. Create your data displays: Discuss and decide on a strategy for the team to have groups or individuals create 
your data displays. 

C. Make observations of the data : Once you have your data displays created, it is important to make observations 
of the data. Any observations you make should simply indicate general patterns or trends you are noticing. 
These observations should relate to your resea rch question. At this point you should not state any 
inferences about what the data means for your project. 
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TEACHER NOTES STEP 6:  DISPLAY DATA: (SSG page 31)
As students begin Step 6 it is important to do the following:  
Display the team research question and hypothesis in the front of the room.  Students should focus on their question and hypothesis as they decide on ways to display their data.  
Each student or student group should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

********************************************************
Let students know as they go through this Step, they should always consider their question and hypothesis – making sure the data displays they create, will help contribute to their ability to answer their question and support or refute their hypothesis.  

There are 3 parts to Step 6.  They are to:  1) Discuss and decide how to best represent their data,  2) Create data displays,  and 3) Make observations of the data. 

As students begin looking at the data display options on page 32 of the Student Scientist Guidebook, let them know that there are 4 ways they will consider displaying (representing) their data.  They are:  1)  Organized Data Table(s),  2) Graphs,  3)Maps,  and 4)  Image Illustrations.   You might consider dividing up students into groups of 2-4 and assigning each group 2 options to read over and brainstorm ideas.  Note:  The Graph section has a bit more information for students to read and consider, so groups assigned to this option might only focus on this one option.  Once students brainstorm their ideas for their assigned sections, discuss all options for each type of data display as a class.  

Alternatively you could discuss each type of data display (one at a time) as a class and then give student groups ~5-10 minutes to brainstorm and list at least 2 ideas they have for each type of data display.  

Consider having a piece of butcher paper for each data display option (or list them on the board or even input them onto your computer screen) in the front of the room.  As the class discusses each data display option and decides the best plan for each data display type, list those final data display decisions for all to see.  By the end of the discussion, students should know what the plan is to for each type of data display [1) Organized Data Table(s),  2) Graphs,  3)Maps,  and 4)  Image Illustrations].









 STEP 6: Display Data
 • 
[ STEP 6: Display Data 1 

Science research projects and investigations are strengthened by the data that provides evidence to 
support conclusions. Therefore, displaying your data Is extremely Important. Once you have finished 
collecting and compiling your data you will need to make sure you can list. organize, and display your data 
clearty. This will allow you to answer your question and support or refute your hypothesis. 

With every aspect of your research. but especially as you get ready to display your data, It Is Important for you to focus on 
your research question and initial hypothesis State these below 

Research Question: 

What types of changes are occurring to the five glaciers (Viedma, Upsala, Perito Moreno. Chico. and Grey) found in 
South America? 

Hypothesis: 

All five glaciers will have visible and measureable evidence of retreat. 

With your question and hypothesis in mind, there are three action items you should follow as you consider displaying your 
data. Each action Item Is described In more detail In the pages that follow. 

DISPLAY DATA ACTION ITEMS: 

A. Discuss data display options: Look at the four data display options described in this section (data table, 
graphs, maps. image illustrations), and decide which ones best apply to your research. 

B. Create your data displays: Discuss and decide on a strategy for the team to have groups or individuals create 
your data displays. 

C. Make observations of the data: Once you have your data displays created. it is important to make observations 
of the data. Any observations you make should simply indicate general patterns or trends you are noticing. 
These observations should relate to your research question. At this point you should not state any 
Inferences about what the data means for your project. 
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 STEP 6: Display Data
 • 
A. DATA DISPLAY OPTIONS 
All teams should have an organized master data table that includes the data collected and compiled by all team members. 
You should have already compiled your data into a master data table in Step 5 of your research. If you have not yet 
completed this, do so before you continue. This is essential for your team to have completed as you consider the data 
display options. 

Consider the following four options to display your data. Discuss these as a team and decide which ones best apply to 
your research. 

1) DATA TABLE 
There are two aspects to consider with your master data table. The first is sorting your data. Sorting your master tab le 
will enable you to organize your data in different ways so you can more clearly look for patterns. If you created a 
spreadsheet of your master data table, this may allow you to easily sort data. 

As a team, take a look at your master data table. With your science question in mind, think about how you may sort your 
data so you can make observations that relate to your question. Would it be useful to sort your data by latitude? Would it 
be useful to sort your table by region? Think about how you may sort your data and how that sorted data may be 
important for you to later draw conclusions_ List your ideas below. 

Oata Sorting Ideas Oescribe how this may help you later draw conclusions_ 

The second aspect to consider is creating a new data table that includes a subset of the data you have collected along 
with additional information to fu rther support your research. Look for specific pieces of information you may want to 
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TEACHER NOTES STEP 6:    A. DISCUSS DATA DISPLAY OPTIONS (1. Data Table) (SSG page 32)
As students consider the data display options,  it is important to do the following:  
Display the team research question somewhere in the front of the room.  Students should focus on their question as they think about how they want to display their data.   
Each student should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

********************************************************
1. Data Table:  Have students examine the master data table(s) as they consider this option.  Have students brainstorm ways they might sort/organize their data to more easily view the data to help them draw conclusions.  Students should consider their research question and hypothesis in order to determine how to best sort/organize their data.

By sorting/organizing the data table(s), this may help students make general observations of the data as displayed in the data table(s) but will also help as students consider what they may graph.  







 STEP 6: Display Data
 
A. DATA DISPLAY OPTIONS 
All teams should have an organized master data table that includes the data collected and compiled by all team members. 
You should have already compiled your data into a master data table in Step 5 of your research. If you have not yet 
completed this. do so before you conHnue. This Is essential for your team to have completed as you consider the data 
display options. 

Consider the following four options to display your data. Discuss these as a team and decide which ones best apply to 
your research. 

1) DATA TABLE 
There are two aspects to consider with your master data table. The first Is sorting your data. Sorting your master table 
will enable you to organize your data in different ways so you can more cleany look for pattems. If you created a 
spreadsheet of your master data table. this may allow you to easily sort data. 

As a team. take a look at your master data table. With your science question in mind. think about how you may sort your 
data so you can make observations that relate to your question. Would it be useful to sort your data by latitude? Would it 
be useful to sort your table by region? Think about how you may sort your data and how that sorted data may be 
Important for you to later draw conclusions. List your Ideas below. 

Data Sorting Ideas Describe how this may help you later draw conclusions. 
Using latitude would be the most logical arrangement to see if there was a correlation 

Latitude between glacial change and distance from the equator. 

Glacier Name and Date Image Using the glacier name and date image was taken would help to group the images by 
was taken (by glacier) glacier. You could also order the images from oldest to newest so comparison over 

time can be done for each glacier. 

The second aspect to consider is creating a new data table that includes a subset of the data you have collected along 
with additional information to further support your research. Look for specific pieces of information you may want to 
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 STEP 6: Display Data
 • 
include in th is new data table. Focus on particular details that will relate to your research question. The entire set of 
details included on the master data table is important, but sometimes a subset of the data can be useful. 

Think about your research question , and decide if you should create a new data table(s). If so, list 1-3 sets of data that 
you will use in a new data table in the chart below. Include a list of the data table headings and how this may help you 
tater draw conclusions. 

Data Table Headings Oescribe how th is may help you later draw conclusions. 

1. 

2. 

3. 

2) GRAPHS 
Scientists often use graphs or charts to represent and communicate their information visually. If the information you 
gathered needs to be organized or it is difficult to see clearly, graphs may be your answer. Graphs can help you show 
relationships, highlight patterns, or make comparisons. How do you choose the type of graph to best represent your 
data? First, decide if the data you collected is categorical or numerical. Categorical data classifies information by topics 
or words. For example, a scientist might look at ten images and classify by the different types of sand dunes. Numerical 
data is data that is given in numbers. This is sometimes referred to as quantitative data . An example of numerical data 
would be if a scientist wanted to record the elevation of ten mountains. 
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TEACHER NOTES STEP 6:    A. DISCUSS DATA DISPLAY OPTIONS (1. Data Table; 2. Graphs) (SSG page 33) 
As students consider the data display options,  it is important to do the following:  
Display the team research question somewhere in the front of the room.  Students should focus on their question as they think about how they want to display their data.   
Each student should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

********************************************************
1. Data Table:  For this section, again have students examine the master data table(s).  They might decide to create a new data table with a subset of data.   

2. Graphs are discussed starting on this page and continued on pages 34 – 36.  



 STEP 6: Display Data
 • 
include in this new data table. Focus on particular details that will relate to your research question. The entire set of 
details Included on the master data table is Important, but sometimes a subset of the data can be useful. 

Think about your research question, and decide if you should create a new data table(s). If so. list 1-3 sets of data that 
you will use in a new data table in the chart below. Include a list of the data table headings and how this may help you 
later draw conclusions. 

Data Table Headings Describe how this may help you later draw conclusions. 
1. Glacier Name, Latitude, Longitude, Image 1 Using these data table headings, we can focus on images of 

Date, Image 1 10#, Image 2 Date, Image 2 10#, specific glaciers on wo different dates and record the amount of 
Visible Changes, Approximate Amount of change measured using Google Earth. By noting the visible 
Change, Additional Observations/Comments changes, we can tell ~ the glaciers are retreating, advancing, not 

changing. or if we are not sure. 
2. 

3. 

2) GRAPHS 
Scientists often use graphs or charts to represent and communicate their information visually. If the information you 
gathered needs to be organized or it is difficult to see clearly, graphs may be your answer. Graphs can help you show 
relationships, highlight pattems. or make comparisons. How do you choose the type of graph to best represent your 
data? First, decide if the data you collected is categorical or numerical. Categori ca l data classifies information by topics 
or words. For example, a scientist might look at ten images and classify by the different types of sand dunes. Numerical 
data is data that is given in numbers. This is sometimes referred to as quantitative data. An example of numerical data 
would be if a scientist wanted to record the elevation of ten mountains. 
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 STEP 6: Display Data
 
Type of graphs used to represent categorical data 

A. PIE GRAPHS: These graphs are circular charts divided into pieces or sectors that show proportion. For example, 
if you did a study on the types of sand dunes, you might create a pie chart that is divided into pieces that represent 
the different types of sand dunes that you observed in all your images. This would allow you to calculate and 
visualize what percent of different types of sand dunes were observed compared to all the images you observed as 
a whole. 

B. BAR GRAPHS: This type of graph uses bars to show the frequency of data. The higher the bar, the greater the 
frequency. One example might be to count the number of glaciers in particular regions of the world. The bars' 
heights would indicate that amount of glaciers counted for a particular region. Bars would be labeled by the region. 
The bars on a bar graph should not touch one another. 

C. PICTOGRAPH : This type of graph uses symbols to show the frequency of data. You assign a symbol or picture to 
represent a certain amount of a particular type of feature. For example, let's say you are studying plankton blooms 
and the amount of area they cover. You may assign a star to represent 10 square kilometers of plankton bloom. If 
you had 10 stars on your pictograph for a certain reg ion that would indicate that there were 100 square kilometers 
of plankton bloom. For example, 10 stars times 10 sq uare kilometers (what each star represents) = 100 square 
kilometers of plankton bloom. 

D. LINE PLOT: A line plot is very similar to a bar graph and a pictograph. This type of graph also shows frequency of 
data along a number line. However, instead of seeing bars or symbols, you see x's. 

Pie chart 
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TEACHER NOTES STEP 6:   A. DISCUSS DATA DISPLAY OPTIONS (2. Graphs) (SSG page 34)
As you continue with Step 6 it is important to do the following:   
Display the team research question somewhere in the front of the room.  Students should focus on their question as they think about how they want to display their data.   
Each student should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

********************************************************
Graphs
Discuss with students the two different types of data.  The first is Categorical Data.

Categorical Data is data that is classified by topics or words.  For example, if students are looking at counting the different types of sand dunes observed in images, this would be considered categorical data.  Most qualitative types of data would be considered categorical data.  Types of graphs used to represent categorical data would be: 
-Pie Graphs
-Bar Graphs
-Pictographs
-Line plots




 STEP 6: Display Data
 • 
Type of graphs used to represent numerical data 

A. LINE GRAPH: A line graph plots data that continues or is continuous. Suppese you are studying glaciers to see if 
the thickness of a glacier is changing over time. If you obtain the thickness of a glacier each month. you can plot 
that data over time. These data pOints can then be connected showing changes in glacier thickness over time. 
(Note: You cannot obtain ice thickness from astronaut photographs.) 

B. SCATTER PLOTS: Scatter plots show correlation of data. The data pOints are not connected with a line. They 
basically indicate if one type of data impacts or innuences another type of data collected for the same feature or 
process. Let's think again about an example related to glaciers. Suppese you are trying to determine if 
temperature impacts or innuences a glacier's thickness. A scatter plot will allow you to look at potential correlations 
of this data by plotting temperature against ice thickness. For example. does thickness go up as temperature goes 
down? Sometimes a trend line or a line of best fit Is used in scatter plots to help Indicate correlation. 

C. BOX AND WHISKER PLOTS: Box and whisker plots help you analyze large amounts of numerical data which help 
visualize statistical variation. If you had a set of numerical data, you would organize the data from least to greatest. 
find the median (middle number). and the upper and lower quarti le medians. You box these two quartile medians 
and extend whiskers (lines) to the greatest and least pieces of data. If a scientist was interested in knowing what 
size lens the majority of astronaut photographs are taken with over a series of missions, he/she may use a box and 
whisker plot to show this. In addition to the main data of interest (the median lens size per mission), the box and 
whisker plot also provides information on the smallest and largest lens sizes used per mission, giving you a more 
complete picture of the range of data values. The example below shows a box and whisker plot of mean annual 
temperatures. _ ... ...... ,---. 
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SCatter Plot Box and Whisker Plot 
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Presentation Notes
TEACHER NOTES STEP 6:   A. DISCUSS DATA DISPLAY OPTIONS (2. Graphs) (SSG page 35)
As you continue with Step 6 it is important to do the following:  
Display the team research question somewhere in the front of the room.  Students should focus on their question as they think about how they want to display their data.   
Each student should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

********************************************************
2. Graphs
Discuss with students the second type of data:  Numerical Data.  

Numerical data would be data that is given in numbers such as measurements of some sort.  This is different from counting.  Quantitative data would be considered numerical data.  Types of graphs used to represent numerical data would be:
-Line graphs
-Scatter plots
-Box and whisker plots

Discuss with students whether they have categorical or numerical data.  If they have both types of data, have students consider which types of graphs they should use to represent each type of data.  Have students use the tables on pages 36-37 to brainstorm what they think should be graphed and why the graph would be relevant for their research. (see next slide)




 STEP 6: Display Data
 • 
Other types of graphs can also be used to represent data. You can use a number of internet mathematical resources to 
learn more about various types, and what they look like. Many sites allow you to enter data and create your own graph 
and print it out. One example site you may consider using is: http://nces.ed.gov/nceskids/createagraph/default.aspx. 
You can also put data into spreadsheet programs like Excel to create graphs. It is important to remember that not all data 
collections are best represented by graphs, and other types of analysis may be more effective. 

As a team, discuss the different types of graphs and decide what is appropriate for your research. Create a list of at least 
three possible graphs you can create below, as appropriate. Be sure to include the following: 1) Type of data you will 
graph, 2) Type of graph that best represents that data, 3) Describe what you will graph, and 4) Explain how the graph will 
be relevant for your research. 

POTENTIAL GRAPH TO DISPLAY DATA 

Type of data you will you Categorical data Numerical Data 
graph (c ircle one) 

Pie Graph Bar Graph Pictograph Line Plot 

Type of graph (circle one) 
Scatler Plot Box and Whisker Plot Other 

Describe what you w ill 
graph. 

How will th is graph be 
relevant for your research? 

ExpeOO:ln E:vth..xl Beyond: Astromaterials ResearCh:n:J ~ SdeOce (ARES) EOJcation - Version 3.0 
NASA Johnson Space Center 
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TEACHER NOTES STEP 6:  A. DISCUSS DATA DISPLAY OPTIONS (2. Graphs) (SSG page 36)
As you continue with Step 6 it is important to do the following:  
Display the team research question somewhere in the front of the room.  Students should focus on their question as they think about how they want to display their data.   
Each student should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

********************************************************
2. Graphs
Students should brainstorm and list at least 2 ways they think their data should/could be graphed.  Students should be sure to describe what information they will graph and why the graph is relevant for their research (how it might help them answer their question). 

Once you discuss this as a class, list the “final ways” the class has decided to graph their data.  Be sure to list the following:
Type of data:  (Categorical or numerical)
Type of graph:
Describe what will be graphed:
Why the graph is relevant for their research:

**NOTE:  Graphs are not required and may not be necessary for the research your students are conducting.  Make sure students don’t make graphs just to make graphs.  A graph should help display student’s data in order to help provide information to help answer their science question.  




 STEP 6: Display Data
 • 
Other types of graphs can also be used to represent data. You can use a number of internet mathematical resources to 
learn more about various types, and what they look like. Many sites allow you to enter data and create your own graph 
and print it out. One example site you may consider using is: hltp:llnces.ed.gov/nceskidslcreateagraph/defaul1.aspx. 
You can also put data into spreadsheet programs like Excel to create graphs. It Is important to remember that not all data 
collections are best represented by graphs, and other types of analysis may be more effective. 

As a team, discuss the different types of graphs and decide what is appropriate for your research. Create a list of at least 
three possible graphs you can create below. as appropriate. Be sure to Include the following: 1) Type of data you will 
graph. 2) Type of graph that best represents that data. 3) Describe what you wi ll graph. and 4) Explain how the graph will 
be relevant for your research. 

POTENTIAL GRAPH TO DISPLAY DATA 

Type of data you will you Categorical data Numerical Data 
graph (circle one) 

Pie Graph Bar Graph Pictograph Line Plot Line Graph 

Type of graph (circle one) 
Scatter Plot Box and Whisker Plot Other 

We would graph the change in length for the glacier on the X-axis vs. the latitude on the 
Describe what you will Y-axis. The Y axis would be at the center of the grid instead of the left edge. There would 

graph. be negative values to the left of the Y-axis to indicate retreat. and positive values to tihe 
right of the Y-axis to indicate growth. The bars would extend parallel to tihe X-axis. 

The graph would give a great picture of change in length at a particular latitude. We 
would be looking for a relationship with the location and length of the bars as we went 

How will this graph be toward or away from the Equator. 
relevant for your research? 

..... Note: It is alright to have just one graph or no graph for data. Remember we don't make graphs just to make them. If a 
graph is made, it must provide support to help answer the question being asked''''·· 

expedition Earth and Be)<lnd: Astranalerlals Research and Expb"ation SCience (ARES) Educallon - Version 3.0 36 
NASA Johnson Space Center 

Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.



 STEP 6: Display Data
 
POTENTIAL GRAPH T O DISPLAY DATA 

Type of data you will you Categorical data Numerical Data 
graph (c ircle one) 

Pie Graph Bar Graph Pictograph Line Plot 
Type of graph (circle one) 

Scatter Plot Box and Whisker Plot Other 

Describe what you will 
graph . 

How wil l this graph be 
relevant for your research? 

POTENTIAL GRAPH TO DISPLAY DATA 

Type of data you will you Categorical data Numerical Data 
graph (ci rcle one) 

Pie Graph Bar Graph Pictograph Line Plot 
Type of graph (circle one) 

Scatter Plot Box and Whisker Plot Other 

Describe what you will 
graph . 

How wil l this graph be 
relevant for your research? 

Expeation Earth and Beyond: Astrorn:rteriaIs ResearCh and ExpIor3OOn Science (ARES) Educatioo - Versk)n 3_0 
NASA Johnsen Space Center 
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TEACHER NOTES STEP 6:  A. DISCUSS DATA DISPLAY OPTIONS (2. Graphs) (SSG page 37)
Additional log sheets to brainstorm possible graphs to display data. 




 STEP 6: Display Data
 • 
3) MAPS 
Plotting data on a map can be very usefuL This allows others to see where you observed images. Plotting data on a map 
provides a geographic context to what you are studying. An astronaut photograph covers a limited surface area of the 
Earth . Being able to see a more global or regional context of the location of images observed can be very useful. 

North America 

-120' -90' 
Image Credit: Earth Impact Database: 
httD:lIwww.unb.ca/passc{lffiDactDatabaseINAmerica.htmi 

WOII. ImpaC1 StllIdmes SOl1ed ac(onl ing to Location 

60' 

40' 

20' 

i : Impact 
http://www.unb.glpassc{lmpactoatabase/crl QCSort.html 

Two examples of data plotted on a map. Map on the left ilfustrates a regional context and view of impact craters (North 
America). Map on the right illustrates a global context or view of impact craters. 

You should consider what type of map (global or regional) would best apply to your research . These maps were acquired 
from the Earth Impact Database. You can use any "blank" map (Google Earth, for example) that is appropriate for your 
research and plot your points accordingly. For example, you can use a world map and plot points indicating images you 
viewed as part of your research. 

Expe(jOOn Earth and Be)ood: Astromaterials Research and ExpIaaOOn Science (ARES) E<lJcatioo - Version 3.0 
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TEACHER NOTES STEP 6:   A. DISCUSS DATA DISPLAY OPTIONS (3. Maps) (SSG page 38)
As you continue with Step 6 it is important to do the following:  
Display the team research question somewhere in the front of the room.  Students should focus on their question as they think about how they want to display their data.   
Each student should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

********************************************************
3. Maps
Let students know that plotting data on a map can be very useful and provide a geographic context to what they are studying.  Students should consider if plotting points on a regional or global map would be a helpful way to display data they have observed.  Discuss the regional versus global maps illustrating impact craters found on Earth on page 38 of the Student Scientist Guidebook (shown on this slide).  





 STEP 6: Display Data
 • 
Based on the data your team has logged , create a list of one or two possible ways to plot your data on a map. Be sure to 
explain what the map will show related to your research. Discuss this as a class and be sure to create the map(s) your 
team decides will be most useful. 

POTENTIAL MAP TO DISPLAY DATA 

Describe what information 
you will plot on a map. 

Type of map (circle one) Global Map Regional Map Other 

How will th is plotted data be 
helpful and relevant for your 

research? 

POTENTIAL MAP TO DISPLAY DATA 

Describe what information 
you will plot on a map. 

Type of map (circle one) Global Map Regional Map Other 

How will th is plotted data be 
helpful and relevant for your 

research? 

ExpemOOn Earth and Beyond: AstromateriaIs Research;nj ExpIoraOOn Science (ARES) E<ix:ation - Version 3.0 
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TEACHER NOTES STEP 6:  A. DISCUSS DATA DISPLAY OPTIONS (3. Maps) (SSG page 39)
As you continue with Step 6 it is important to do the following:    
Display the team research question somewhere in the front of the room.  Students should focus on their question as they think about how they want to display their data.   
Each student should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

********************************************************
3. Maps
Students should list 3 pieces of information as they brainstorm their ideas of potential use of maps to display data:
Describe what information they will plot on a map
Indicate the type of map
Describe how the plotted data will be helpful and relevant for their research.  

(See example next slide)




 STEP 6: Display Data
 
Based on the data your team has logged. create a list of one or two possible ways to plot your data on a map. Be sure to 
explain what the map will show related to your research. Discuss this as a class and be sure to create the map(s) your 
team decides wi ll be most useful. 

POTENTIAL MAP TO DISPLAY DATA 

Describe what information We would plot the location of each of the glaciers including latitude and longitude. 
you will plot on a map. 

Type of map (circle one) Global Map Regional Map Other 

• 

How wllllhis plotted data be 
The plotted data wi ll show geographical context for each of the South American glaciers helpful and relevant for your 

research? we inves~gated. 

POTENTIAL MAP TO DISPLAY DATA 

Describe what information We would outline the Patagonia Region where the glaciers we are studying are located. 
you will plot on a map. 

Type of map (circle one) Global Map Regional Map Other Continental Ma(2 

How will this plotted data be 
The outlined region will show the glaciers' geographical context within South America. helpful and relevant for your 

research? 
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 STEP 6: Display Data
 • 
4) IMAGE ILLUSTRATIONS 
Image illuslrations can be very important as part of your research. These illustrations will not only indicate to others that 
you can correctly i<lentify features, but it will help others better understand charactelistics of images you may describe. 
You may decide to shoW image ffiustrations for one of the following uses: 

> Feature Focus: Label, annotate, or wnte captions for images that focus on and illustrate the feature(s) you 
may be studying. 

> Image Comparisons: Label, annotate, or write captions for images that illustrate Similarities or differences 
of features. 

o Images of the same location t""en on different dates 
o Feature(s) in different locations sc you can highlight certain visible characteristics 

> Interrelated Features: Label, annotate, or write captions for images to show interrelated features connected 
to your research. 

It is important to include an image caption to provide an explanation of what each image illustration is showing . The 
illustrations should direcllv relate to \'Our research. 

Examples of image if/ustrations: The set of images on tile let! is comparing the same location on n\'O different dales. This 
would be considered an "Image Companson. · It you showed just one of these images to focus on the feature without 
making a comparison, that would be considered a "Feature Focus. ' The illuslTation on the right is an annotated (labeled) 
image shOl,,;ng "InlMetated Features" (sand dunes, mountains, wind direction). 

ElIpe!IlIm E~ ancI5eyoncl: ~ Re6e-art:l'1 an:! ~ SCIence (ARES) Elb:a1lCln - venton 3.0 
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TEACHER NOTES STEP 6:  A. DISCUSS DATA DISPLAY OPTIONS (4. Image Illustrations) (SSG page 40)
As you continue with Step 6 it is important to do the following:  
Display the team research question somewhere in the front of the room.  Students should focus on their question as they think about how they want to display their data.   
Each student should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

********************************************************
4. Image Illustrations
Let students know that it can be very useful to use image illustrations as part of their research.  Image illustrations allow others to visualize data observed and collected throughout their research that can help students support their conclusions.  There are 3 ways students may consider using image illustrations:

Feature Focus:  This could be an individual image(s) that shows the feature being studied.  

Image Comparisons:  This would be best used if students are comparing images over time, or comparing similarities or differences between features.  

Interrelated Features:  If students are looking to show if a connection or relationship exists between features, it would be useful to have an image illustration that shows those features together in the same image.  An example of this would be if students are looking to find a relationship between the existence of sand dunes and geographic context.  It would be useful to have image illustrations that can show evidence of sand dunes in different geographic contexts.    

**NOTE:  The three sample types of image illustrations  (feature focus, image comparisons, and interrelated features) are listed to help generate ideas students may consider using for their research.  Students can create any type of image illustration that helps display their data in a useful way to help them answer their question.   Their image illustrations do not need to fall specifically in one category (feature focus, image comparisons, interrelated feature).  Students can create any type of image illustration they feel best reflects their research.

The following 3 slides show examples of each of the above types of image illustrations.




 
 

     
     

    

 

   

  
  

 
  

STEP 6:  Display Data
 
IMAGE ILLUSTRATION: Feature Focus EXAMPLE
 

Lava flows can be identified by looking for the following characteristics:  1) They look 
similar to channels and have a flow-like appearance,  2)Newer lava flows are darker 
than older ones, 3) Can have a fingery appearance with uneven edges. 
Image Courtesy of the Image Science and Analysis Laboratory, NASA JSC 

Lava flows with 
“fingery” 
appearance and 
uneven edges. 

Lava flows can 
look similar to a 
channel. 

Darker areas are 
likely newer lava 
flows. 

Presenter
Presentation Notes
Sample Image Illustration
This slide provides an example of an feature focus.  This image illustration is showing a specific feature and identifying specific characteristics that can be used to ensure the correct identification of this feature.   





 
   

    
      

 

      

STEP 6:  Display Data

IMAGE  ILLUSTRATION: Image Comparison EXAMPLE 

This image comparison is showing a comparison of two images of the same glacier 
taken on different dates. A red line was drawn in to compare differences to the 
terminus of the glacier. 

Images courtesy of the Image Science and Analysis Laboratory, NASA JSC. 

Presenter
Presentation Notes
Sample Image Illustration
This slide provides an example of an image comparison.  This image illustration is showing a comparison of two images taken of the same glacier on different dates.

(Image Comparisons would be useful if students are comparing images over time, or comparing similarities or differences between features.)  




 
  

   
  

  
     

      

  

STEP 6:  Display Data 
IMAGE ILLUSTRATION: Interrelated Features EXAMPLE 

• An example research project might look for a relationship between sand dunes and 
geographic context. 
• The image illustration on the left (ISS016-E-6986) is an example showing sand dunes 
in a mountainous area. 
• The image on the right (ISS017-E-8290) shows sand dunes near a lake in Egypt. 

Images Courtesy of the Image Science and Analysis Laboratory, NASA JSC 

Presenter
Presentation Notes
Sample Image Illustration
This slide provides an example of an interrelated features image illustration.  An example research project might look for a relationship between sand dunes and geographic context.  This image illustration shows an image on the left where there is evidence of sand dunes and mountains.  The image on the right shows an image with evidence of sand dunes near a lake.  (Note:  The image on the left can also be used to show interrelated features – sand dunes, mountains, and wind direction.)  How you utilize images in your image illustrations, depends on what you want to show.) 

**NOTE:  The three sample types of image illustrations  (feature focus, image comparisons, and interrelated features) are listed to help generate ideas students may consider using for their research.  Students can create any type of image illustration that helps display their data in a useful way to help them answer their question.   Their image illustrations do not need to fall specifically in one category (feature focus, image comparisons, interrelated feature) or another.  



 STEP 6: Display Data
 
list possible ~s 10 use image illustrat ons to help describe features you are studying as part of your research. Be as 
detailed as possible. As a class, discuss your options and decide what feature illustration(s), if any, wi ll be most useful. 

P OT EN TI AL I MA G E I L L U STRA T I O NS 
Descn1>e Your Plan and Use of Images for a Feature Focus. 

FEATURE FOCUS 

Describe Your Plan and Use of Images for Image Comparisons. 

IMAGE 
COMPARISONS 

Descrille your Plan and Use of Images to Illustrate Interrelated Features . 

INTERRELATED 
FEATURES 

B.REATE DAT" C :PLAYS 

• 

ow t"'.al 7 _u are JN3re DJ 4 different ways to [SP -Y YOL rl-ta.).JU S _ Ie row c-eate ''''ese "'-t.., d ~ a'jS. '\S a 'eaM. 
diSCuSS each data display option aNl decice tre fo owing: 

1 v'~"'at d~t3 isplais should be cre~ted') D'scuss orgar :'ng y'our data table SJ graptJs n"aps. and I~age i us ratio" 
op'vns 

2 Dec.ce w ch tea", e"-:>e"S \\ II create . ch data d SP'ais. 
3 Create 'ne data c: SPlaYS 

Once ,ou data d sp aj'S are created. you w I >"ofe oose";ato"s of each !lisp ay Observations loof a general "ends or 
pi:rttems You '/-1 I th nk allOut· at trose o ... servatlcns (Tea w- 'espec to your rese~rch ~uestlO' as you ana r:e ar ~ 
nterpret your ~,lta (Step 7 
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Presentation Notes
TEACHER NOTES STEP 6:  A. DISCUSS DATA DISPLAY OPTIONS (4. Image Illustrations) (SSG page 41)
As you continue with Step 6 it is important to do the following:  
Display the team research question somewhere in the front of the room.  Students should focus on their question as they think about how they want to display their data.   
Each student should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

********************************************************
4. Image Illustrations
Students should describe their plan and use of images to display data.   They can change the names of the categories (Feature Focus, Image Comparisons, Interrelated Features) as they see fit.  They also do not need to have an image illustration for each category.



 STEP 6: Display Data
 
List possible ways to use image illustrabons to help describe features you are studying as part of your research. Be as 
detailed as possible. As a class, discuss your options and decide what feature illustration(s), if any, wi ll be most useful. 

P OT ENT t AL t MA G E ILL U STRA T I O NS 
Descnb e Your Plan and Use of Images for a Featu re Focus. 

FEATURE FOCUS 

Describe Your Plan and Use of Images for Image Comparisons . 

We have three different types of image comparisons: 
IMAGE 1. Image collage of the Upsala Glacier taken over time to look for changes in the terminus. 

COMPARISONS 2. Image pairs of the five gladers with reference line to show changes in the klcation of \he 
terminus. 

3. Image pairs of the five glaciers with measurements made with Google Earth to show the 
approximate amoont of retreaL 

Describe your Plan and Use of Images to Illustrate Interrelated Features. 

INTERRELATED 
FEATURES 

B. CREATE DATA DISPLAYS 

• 

Now that you are aware of 4 different ways to display your data, you should now aeate these data displays. As a team, 
discuss each data display option and decide the following: 

1) What data displays should be created? Discuss organiZing your data table(s), graphs, maps, and image illusbrabon 
options. 

2) Decide which team members will create which data displays. 
3) Create the data displays. 

Once your data displays are created, you will make observations of each display. Observations look at general brands or 
patterns. You will think about what those observations mean with respect to your research questkln as you analyze and 
interpret your data (Step 7). 
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 STEP 6: Display Data
 • 
L .... ~ po .... ~ b ~ w::'Js to use .... ge I u .... J' ~s to e p desl.., be fe J I f;;!S I0u .:lfe stu, y n as p;:;.<i vf yf1..A ese..:.rch. Be J.S 
det3 eo as possl~le As l';;'SS discuss )~UI optIC '3nd dec de ... h3t feJt~ e '::ustrati1l' S If lny ",II >€ -,~.t usetu 

POTENTIAL IMAGE ILLUSTRATIONS 
Descnbe Your Plar and Use a I",ages for 1 Feature Focus 

FEATURE FOCUS 

Descrire Your p~p ~n<l Use Of Irlages for 'mage CO"l''I'''3risC'''S 

IMAGE 
COMPARISONS 

Desc 1)8 YOL P an and ·Jse of ·mages to Illustrate nte'Telated Fe:;'ures. 

INTERRELATED 
FEATURES 

B, CREATE DATA DISPLAYS 
Now that you are aware of 4 different ways to display your data, you should now create these data displays. As a team, 
disouss each data display optioo and decide the following: 

1) What data displays should be created? Discuss organizing your data table(s), graphs, maps, and image illustrafion 
options. 

2) Decide which team members will create which data displays. 
3) Create the data displays. 

Once your data displays are created, you will make observations of each display. Observalioos look al general trends or 
pattems. You will think about what Ihose observalions mean with respect to your nesearch question as you analyze and 
inlerpnet your data (Step 7). 

ElcpecIDOO E:arIIl iIlId Beyonct. ~aI& Rer.eaircl'l inJ Elq:iOraUOI'I Sdence (ARES) Edui:aDDn - Ventoo J:O 
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TEACHER NOTES STEP 6:   B. CREATE DATA DISPLAYS (SSG page 41)
As you continue with Step 6 it is important to do the following:  
Display the team research question somewhere in the front of the room.  Students should focus on their question as they think about how they want to display their data.   
Each student should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  

********************************************************
Once students have brainstormed and decided what types of data displays will help them answer their question, have student groups either volunteer to create a specific data display(s) or assign groups to create specific data displays.  If necessary or desired, you might consider having multiple groups create the same data display(s).

Make sure student groups know which data displays they are responsible to create.  Have students create their data displays using either paper & pencil or computers.  



 STEP 6: Display Data
 • 
C. MAKE OB S ERVA TION S: Use the tables below 10 record your observations of each data display. Discuss as a team. 
Nore: Make addirional copies of rile Observarion Table as needed. 

OBSERVATION TABLE 

Title of Data Display 

Type of Data Display DalaTable Graph Map (circle one) 

Summarize what the 
data display is 

illustrating. 

List 1.:1 general observations or trends of what the data display is showing. 

Observation #1: 

Observation #2: 

Observation #3: 

ElcpecIDOO E:arIIl iIlId Beyonct. ~aI& Rer.eaircl'l inJ Elq:iOraUOI'I Sdence (ARES) Edui:aDDn - Ventoo J:O 
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TEACHER NOTES STEP 6:   C. MAKE OBSERVATIONS (SSG page 42)
As you continue with Step 6 it is important to do the following:  
Display the team research question somewhere in the front of the room.  Students should focus on their question as they think about how they want to display their data.   
Each student should be provided with a copy (hard copy and/or access to an electronic copy) of the master data table(s) created.  
Make sure data displays are created.

********************************************************
Once student groups have created their data displays, have them make observations of their data displays using the Data Display Observation tables on pages 42, 43, and 44 of the Student Scientist Guidebook.  Make additional copies of these pages as necessary.  

Students should only list observations of the data displays they create.  This would include general observations, trends, or patterns of what they see.  They should not begin to interpret what those observations may mean with regards to their research at this point in time (although they may think about those connections).  In Step 6, students should only log their general observations of their data displays.  

Once each group has had an opportunity to create their assigned data displays and list their observations, it is important to share/discuss these observations with the class.  Have each group show the class their created data display and discuss the information/observations they filled out on the Data Display Observation sheets (pages 42, 43, and 44).  Have students discuss observations and make refinements/additions as necessary.  

********************************************************
The following set of slides show sample data displays from the Model Investigation followed by the filled out Observation Table.  




 
 

STEP 6: Display Data

Master Data Table (2 pages) • 

Master Data Table - Glaciers in South America 
Image lD Glacier Date Image Latitude Longitude Country l ens Size Qua litative Obse rvations 
Number Name Was Taken (N) (E) (mm) 

(yyyyMMDD) 

ISS022-f-073075 Upsala 20100225 -49.9 -73.3 Argentina BOOmm Momi~ u iIPP~M, ~er.; ~el) intll.;fDcie~ Io'i:'< OCcaM"&- ~me 
si~ man UUln 1t"J\cr.;, 

ISS015+31043 Upsala 20070928 -49.9 -73 Argentina 400 mm some alMn;. mllrline ~ent,.IfiISDnll lCrminus.. 

ISS01D-f-5S07 Upsala 20041104 -50 -73 Argentina 1SOmm 50me calirin;.. morline evi::lent,. _fill Ijlllcien .ioi ne~into one. 

ISS022+ 78363 Viedma 20100226 -49.5 -73 Argentina SOOmm 01111: .terall~kl.~ t:hr: top ~the. ;I~tr. tcrmimu .tippc~r:; 
I'Bidy stnIi,;rrt 1Hr~ Cku:I stIaI:lo.n IIppCIII" CN'erpaeer. llneJ ~ 

-~pc:r.; ~~te:d bywatcr tJom ~uth f'oI1: petier lCrm i~-

pozibty ~Il ClII's;'Dcier. 

ISSOO4-f-9717 Viedma 20020408 -49.5 -73 Argentina BOOmm Cart lateral slTellks ~ tile top dtrle. Jj~. tClDlinus .appcar.; 

CQCl.'IU w:itb DUtWV'd but;e ncar the anter tJ.1I: COIlClIOe IlUr trle. 

sides. pertD;S indaWllnt; CIIMr-Go -llrtd pozib4e OIMIJIj.llbc. ~~ 
ron: unnina.. 

ISSool-f-5108 Viedma 200012_ -49.5 -73 Argentina 400mm 01111: lateral W9k:l.~ the top cf the ;led.,... ttrminus "PptJI"S 

CDfl.'IU w:lln DI.I':WrcI butt; nCfIJ the an:t~. aru::I cloud !:I1a~Wl 

-!l?pur I7>Ief &'erier 

lSS008-f-13260 Perito 20040127 -50.5 -73 Argentina BOO mm In tti:; irMo;t U\.c.lillcier u auno; ,,=in=; the :icle ottt:.c 1'.111:'" 

Moreno 
~Ie." .. d r The tIfIIO bnlnme; ell Peri~ end lit I~ TM kIlfi IIm'e 

VCf'J otTerent ocNDfl . .... 'h)' .e the otUIon ~ ail"Umt~ 

1SS006-f-40731 Perito 20030326 -50.5 -73 Argentina 800mm petito i:; pa ~~.". complete., ;epaJa:.ed from the "i:;land'" lit the sille 

Me<e"" 
at the dirT. E...id~~ (lr tJI~ tJlrl be. seert. 

ISSooH-6370 Perito 2001 -50.5 -73 Argentina 800mm MuTf~~ tlII'I be ::een at ttw: tenr:in.c. There .. too en! 

Moreno 
11Un:.enlt.B ~~ ttlat bet lit.e ripp~ or ~ arJ lI!!e left sde ~ 
the. ~ier Great bIJe D1o:r csn be seert. 

ISS015-E-19983 Perito 20070728 -50.5 -73 Argentina 800mm OtMou:> n"ill'cncectCIIMI'E:¥ theu:nni~ Tbcn: is K".uerl)' I rin;. 

Moreno 
at material« the ~~ Is-this one telltl.n: (lr .. ~le..s at ~ber;s 
{r&eCl t~Jlcf! 

ISSOl8-E-40451 Perilo 20090314 -50.5 -73 Argentina BOOmm Grem detl!i~ ., ttw: '1~IIIId .r A.9)'DU c;;BII ~ l:f1e n r-£(lr l"I'II':..erilllJ 

Moreno -Ipin., g-eaterdetIll1. 
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Master Data table (2 pages) – sorted by glacier name.




 
 

STEP 6: Display Data

Master Data Table (2 pages) • 

Master Data Table - Glaciers in Soutb America (continued) 
Image 10 Glacier Date Image Latitude Loogitude Country Lens Size QlJalitative Observations 
Number Name Was Taken fN} fm m} 

}SS014-E-14359 Chico 20070217 -49 -73 Argentina 1BOmm Grut GIo'Cl1lJl ll'iew of UIc Il/U, 1llc ser.cnlJ".1pe «the moraineJ. 
am be ~en illl o.ioa. ,"ou CflneiM ~eoe. UIc tenr.iru: of the ~Der 

oS'Id the n-ulkly IItU endrc in.fl hJE:e. ~niDn Ir1: the.e1M! of the 

wiley. 

ISS007-E-5752 Chico 20030519 -49 -73 Argentina 400mm Deal i le.(l i~ (lr the surfll~ III' 0Iic0 ~howif\; the I,InI,I2J III poin~Ci 

!:hll~ at the mOfU'it.. You ClII'I KWI!II/)' see the ttlJW p-lIt'km DCU'.c 

~er. 

ISSOO4-E-9238 Chico- 2002- -49 -73 Argentina 35mm The o:nnira= OCtt'.-C.E;Iacief'" cnC in son" . .e-".jllfj thl t oDk:i ~ kc. aspcIW 

poinL II. models tile ~ shllpe: oftl'lc mllRi~ ~ intl'lc ;t...cler. 
Grut OIo'lenlJl Ilit'W III' UIc aru.. 

ISSOO4-E-7175 Chico- 20020206 -49 -73 Chi le 800mm H~ dmilcd view of the moraine.. Unto.nlDl':l! ty it do~n't ~ 
'1M crJd CCthe SlllCicr. bl.Jl: it isstil .fl 'l8tJCo~ ima;e. 

ISS008-E-18428 Olko- 20040312 -49 -73 Chi le 370mm GDDdliew(lfthe bI~ ~cn.flttlle end.gtthe IlU:c. After~ 

llemer 11'.c. co6:r r:t the wwrdlanr;es rtom ;rqoto taJe.. 

ISS014-E-14369 Chico- 20070217 -49 -73 Chi le 1BOmm ~ ';re!IIt ~II. ~ all UIc.flre4.. 1llc odi1'rer-elX:le in oot:r 
lIe'lWl!en!tlt OIimo termn.u IiItc and UIc rt..'1: otlt.c. w~..er is Mtillfi 
The ETq' to~ l"IIust be. tnzn mllteri!l l Deinc:dCpD$ltCd try Oico. 

ISS016+ 12167 Chi<:o- 20071123 -49 -73 Chi le 1BOmm GlUt: GIo'e1lJl Ilit'W of UIc aru. 1llc ~MI1IJ z~ al the. 1DO~1!e!: 

QIl DC ~cn in 0riaJ. 'You (8net;o:<cc- UlC tcmirJ..C; 01 the pelXr 

1SS018-E-19606 Chi<:o- Unknown -49 -73 Chi le SOOmm Fu.amc -flew in ttlc tl:nniNlJ mDrtfne ~OIitD. n:c ~BpC of ttlc 

~pl!ll r II.ead ~~ i!; ;reM:! 

ISS018+39935 Grey 20090312 -49 -73 Chile 1BOmm PoOl" io!n !l.aoo,e" ~ !;haw.: tt'..e r;cner.al ttve:e-pronccll21Bpe of ttlc 

tcminu:;. 1lI\lCI the Dluc otUIor of ttlc ice. 

ISSOO14-E-10766 Grey 20061225 -51 -73 Chi le 1BOmm Grut GII'CI1IH ll'iew af Ulc IlIU ~ tfIe gp:y c-olor ofGre.y'~ Nnef!'. 

VIrile the s;t1Kier tD ttlc rir;trt Pm!; B Dluc otUIor '110 Ulc n.totf. 

ISSOO1D-E-12288 Grey 20050103 -51 -73 Chi le 1BOmm ""'lrfodilknr...;.~ in the .... riou:; bc>~ o1'W111teJ ransin; t'rom 
~y tD IoOel"fdeep Dluc. 

ISSOO1D-E-5811 Grey 20041104 -51 -73 Chi le 1BOmm Di~rente in the cokJr~ o1the bc>1Iies o1WlGCf i!; str*inr; . 

ISSOO4-E-9281 Grey 20020401 -51 -73 Chi le 1BOmm O¥enIJJ'iiewQ(th.!; arm ~..owi", .flril a'w:f:Miess.. 
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Master Data table (2 pages) – sorted by glacier name.




 
  

STEP 6: Display Data

Observations of Master Data Table • 

C. MAKE OBSERVATIONS: Use Ihe tables below to record your observations of each data display. Discuss as a team. 
Nore: Make additional copies of the Observation Table as needed. 

OBS E RVAT I O N TABL E 

Title of Data Display Master Data Table - Glaciers in South America 

Type of Data Display Data Table Graph Map Image Illustration 
(circle one) 

Summarize what the 
This taille is sho\Wlg Ihe following pieces of information: image 10 number. name of glacier. 

data display is date image was taken. latitude and longitude. counby. lens size. and qual itative observations. 

illustrating. 

List 1-3 general observations or trends of what the data display is showing. 

Observation #1: 

We have data for at least 3 images of each glacier. 

Observation #2: 

All glaciers are located with in a degree of each olher both in latitude and longitude. 

Observation #3: 

Images were taken with a variety of lens sizes ranging from 180 mm to 800 mm. 

EXpedIIICl'I EartII;wI Beyoncl: ~_ RKNrch and ~ SCIer1Ce (ARe:S) EdUeJIkIn - ven:on 3.0 
NASA. Jotn&on Space cen:1!f 
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Observations of the Master Data table.





 
   

STEP 6: Display Data

Glacier Data Table (subset of data) 

• 
Glacier Data Table _t_ -- -- a.oond~ [tt 

VkIlMCIwnOM -.. ...... -.. ArJaIo",,' OtIHIT.tkIr.; ... _ ..... 
L.dude IN) Lmalbide eEl - o . ... • CR._,~.N6 

~Dn nwt.R. ....... ... 
~Ntf:.'"'1 _. 

~u 7].3 11ll).f;NoY~ ISSI11~ 21] 10 FebrWry 1 ~:I!2'-E-013J!j'5 ..... 'DO ~CII""g ·~~.~~ 
t"Ie ~ 0 IITIIIQe.. 

TlIe~J.E: ~ au~«I1_ .,..,.. ~B 7J 21IIU~1 1~17 31 10 FebN:rI ISSl22-e-7a3&1 ..... ""'!IJ "the lm2 maoe Ixt ne!I't.J!;Ir;»~ 
~ W'l ltie :lD1D- li!'.age.. 

L!:I:Ie If aruttanoe 
The ~LB (ll'1rle' p:rr ~Ir.. 

Fef:I:g~o "'''-' 7J "'" 15S001-s-ii31'G "',,--. ISS31$-E-40S1 -, 1.IXf1~ ¢mg!hl:- r:Imi:' ~~I 
aD:.evtd 

(I! betIRm~":.l ~e$.. 

Tl!e ~J.E: In the EX11 ~ 

""'" ~, 7l :!DOl ,",,1 ISSoa7-e-s752 2DIl7~ ISSJ 1~1"]Ii'J ..... .. ,.., ~~IHl~td~d~ 
~ nklm:e~ai'mg . 

The [ell brBXtI d ~ ~h~ 

c." "" 7J --",.., ISSG1~l1 2!l 10F<ebrWry I lss~n Retrelll "!>SiD 
~;r.:;ID~~~~, whle~ 

. t:'I ,,*oderGlItle t!m1nll5 S~ -.,.,.. 

...... south l atitudes shoul d be ""ritte:n as negat1ve numbers 1f the column heading 1s written as 
Latitude{N). See Data Tabl e Tip #4 from the Student Scientist GUidebook pgll. 
"'·West longitudes shoul d be written as negat1ve numbers 1f the column heading 1s written as 
Longitude{E) . See Data Tabl e Tip #5 from the student Scientist GUidebook pgll. 
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Glacier Data table – A subset of data from the master data table.  




 
  

STEP 6: Display Data

Observations of Glacier Data Table • 

OBSERVATION TABLE 

Tide of Data Display 
Glacier Data Table 

Type of Data Display 
Data Table Graph Map Image Illustration 

(circle one) 

Summarize what the The table is showing the following pieces of information: name of the glacier, latitude and 
data display is longitude, dates of the fi rst and final images, identification numbers of the first and final images, 

illustrating, visible changes in the glaCier, amount of the change, comments. 

Ust 1-3 general observations or trends of what the data display is showing. 

Observation #1: 

Except for Pento Moreno GlaCier, all of the glaciers retreated during the periods measured. In all cases that retreat was at 
least 300 meters to as much as 500 meters. 

Observation #2: 

All glaciers are located within a degree 01 each other both in latitude and longitude. 

Observation #3: 

Some, but not all of the glaciers, show evidence of calving. 

~dCfl Ear1n ana BeyorKl: Ar:l'OfrUler\aI& Ref.e.arctl ancI ~ SClenoe (ARES) EllUCadon - venron J:D 
NASAJom&On Space Cen:er 
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Observations of Glacier Data table.




 
      
STEP 6: Display Data


Graph: Terminus Changes of Five South American Glaciers 
I 

TERMINUS CHANGES OF FIVI; SOOTH AMERICAN' GlJ\CIERS 

,",0 

+ 

00°1 
rt t-rt-++-

00. + PERITO MOREHO NO CHf.KGES DETECTED 

51.0 

5' .~ 

.' 
• • • • • 

L ___ -"RETlIEA="'~"l..:( . \N.UE) OR GROWTH C. VALUE) IN METERS 

Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.

Graph:  Terminus Changes of Five South American Glaciers.



 
    

STEP 6: Display Data

Observations: Terminus Changes of Five South American Glaciers 

• 
OBS E RVATION TABL E 

ntle of Data Display Terminus Changes of Five South Amertcan Glaciers 

Type of Data Display 
Data Table Gmph Map Image Illustration (circle one) 

Summarize what the 
This data disl>ay is compartng changes in the terminus (retreat or growth) of five South 
American glaciers. Changes to these glaciers were measured using landmar1<s in the images 

data display is and the Google Earth measurement tool. 
illustrating. 

List 1-3 general observations or trends of what the data display is showing. 

Observat ion #1: 

Three of the five glaciers show a retreat range of 300 - 500 meters of the terminus. 

Observation #2: 

The Perito Moreno Glacier does not appear to have any changes to its terminus. 

Observation #3: 

One of the glaciers. Upsala, shows a certail retreat of 500 meters of change to its terminus while three glaciers had an 
uncertain range of change. 

Observation #4: None of the glaciers showed growth. 

. Note. See Extra Observation Tall ies . 

EXpedIDoo E.d1 and Beyooo: A&:romaIerIahi Re6eartfl iInCI ~ Sdence (ARf'S) EdUcation - Venfon J.O 
N"-SA Jot'n5on Space cerr:er 
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Observations of Terminus Changes of Five South American Glaciers graph.




 STEP 2:   Initial  Observations

A.   FINDING ASTRONAUT  PHOTOS
 

• 
STEP 2: Initill l Observation!! I 

Now that you have il preliminary quesli~n . you need to start making and log ~in~ obsel'voUcns of ostronaut 
photographs. Astrona~1 photos. should ~ your initial sourei' of data. ThiIW ob~r/ations (which ~r<i> part of 
data gathering I . ..... 1 he'p you formula:e 0 hypothesis as )iOU look for patterns or trends. While making 
ot: s~lVlIt io ns. you may decid~ to refine your qUl!3tion. This is II Miura! part of the process of science 

~ you canduc: your i n ve~9IItion it is importsnt to focus on your question Write your question i'1 the ~lIce below 

~ you wark to complO!!te Step 2 of the proce.!l~ or ~.:ience. liOU will do the lollowing: A) liM ~urce.!l where am liOU find 
astronaut photos, B) COll~d<if what data and ObSi>fvatioll!i you wi 1 leg, C) Crv~\@ ~n ill ~ia l data tab'li>, 0 ) Leg your initial 
obser /otions. =) Formulille a hypo:hesis, and F) Discuss and debate lile leam research question. 

A. FINDING A STRONA UT P~OTOGRA" HS 
Be'ow i ~ II li !t of two !OUfC<!! Whl!!fl!! you CliO fi nd lI!Itronllut photo~ ..... ! you fOO IIdditiCMI sources. lIdd tha~1!! to YOUf li& . 

SOurce #1: 
.... Website mmw: E¥ditioo Earth and SvyOlld Quick List 0( Im .. ~!O 

lo- Wl!!bsite link: http:.'lares .j sc . na~lI.govlllre 5l~",bI.!\'mosphefe .dm 

Sourcl!! #2 ' 
). W~bI; it~ n am~: G~t~way to Astronaut Phctography 01 Earth ___________________ _ 

.... Website link: htlp :II<KIl.jsc,oa!OiI .qov 

E>I>c:Hooo Eort, ondlle",..,oo: I'dfoornte_ R<=>"," """ E>Jbrim SOon", (N E B) E<k.::too '1=00 l .O 
N'.3A.Io-Y= 3<..., c...Iof 
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Continental Map.




 
  

STEP 6: Display Data

Observations of Continental Map • 

OBSERVATION TABL E 

Title of Data Display 
Continental Map of Glaciers We Investigated 

Type of Data Display 
Data Table Graph Map I mage Illustration 

(circle one) 

Summarize what the This map shows the area of South America where the five glaciers that we researched are 

data display is 
located. 

illustrating. 

List 1.3 general observations or trends of what the data display is showing. 

Observation #1: 

The gladers are all located in the narrow southern portion of the South American continent 

Observation #2: 

There appears to Ile a neariy continuous line of glaciers in the IlOxed in area on the map. 

Observation #3: 

The gladers are located near the border between Ch ile and Argentina. 

EXpel:lIICI1 EartI1 arwJBeYDnI:I: AlUtlrnatMaIIi Re5e-an::l'1 iInd ~ SQence (AR!:S) EdUC.111On - Ver&'01\ :3.0 
NASA.Jom6cn Space cen:er 
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 Observations of Continental map.




 
   

STEP 6: Display Data

Map: Regional Map 

Regional Map of Glaciers We Investigated 

Map indicating t he location (Iat/lon) of t he 5 glaciers being studied in detail using 
astronaut photographs for our research. 
Image source; Google maps 

• 
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Regional Map.




 
    

STEP 6: Display Data

Observations of Regional Map • 

O B S E RV A TIO N TABL E 

Title of Data Display 
Regional Map of Glaciers We Investigaled 

Type of Data Display 
Data Table Graph Map Image Illustration 

(circle one) 

Summarize what the This map uses labeled mar1<ers from Google Earth to show the exact local ions and geographic 

data d isplay is 
coordinates of the five glaciers thai we researched .. 

illustrating. 

list 1-3 geneml observations or trends of what the data display is showing. 

Observation #1: 

All five glaciers are klcated near the same line of longitude. 

Observation #2: 

The five glaciers are approximately 0.5 degrees of latitude apart from each other. 

Observation #3: 

The five glaciers are located along a mountainous region containing numerous other glaciers. 

EXpetttlon EarII1 ilfId eeyona: A&rom3t!f1i11fi ~It'h and ElItioratlorl SCience (ARES) ElJUC3I1On - \/en;on 3.0 
No\SAJIltr1f.ofI Spaa! Cefter 
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Observations of Regional Map.




 
    

STEP 6: Display Data

Image Illustration: Collage Upsala Glacier • 

Upsala Glacier, Argentina 

a ry 25 20 l:--r0-----:: 

November 4,2004 

7 
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Image Illustration:  Collage of Upsala Glacier images.




STEP  6: Display Data

Observations of  Image  Illustration:   Collage  Upsala Glacier 

Type 0/ Data Oi5jllay 
lcircle onel 

SUIllIMfize what the 
<lata display is 

iliustrati"D. 

Dab Table 

Extra Observation Tables 

======i 
Imooe illustratioo 

is a ~cant ch:lroge in !he Ioca!ioo and sI>:Ipe c( the temlrus from 2004 10 2010 

~ ; --- ---
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Observations of Image Illustration:  Collage of Upsala Glacier images.




 
   

STEP 6: Display Data

Image Illustration: Glacial Movement • 

Glacial Movement 

Presenter
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Image Illustration:  Glacial Movement




 
    

STEP 6: Display Data

Observations of Image Illustration: Glacial Movement • 

OBSERVAT I ON TABL E 

Title of Data Display 
Glacial Movement 

Type of Data Display 
Data Table Graph Map Image Illustration 

(circle one) 

Summarize what the This data display includes 5 sets of images. Each set contains two images of the same glacier 
taken on different dates. A red line is drawn at lIle same locatioo in each set of images to help 

data display is 
illustrating. 

detennine any change in lIle location of the tenninus. 

List 1-3 general observations or trends of what the data display is showing. 

Observation #1 : 

All of lIle glaciers show an obvious retreat except for Perito Moreno. 

Observation #2: 

Ch ico Glacier appears to be the ·dirtiesr of all the glaciers making rt the most diflicuK glacier to interpret 

Observation #3: 

Upsala appears to Ile lIle glader showing the clearest indication of retreat 

EXpelllla'I ~ iDl5eycncJ: AIi:JtJmat!f1a11i Re&ean:h ancl ~ SCIence (M£S) EdUcation - V!1lUIn 3:D 
NASA.Jotrl5on Space cert:1!I" 
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Observations of Image Illustration:  Glacial Movement.




 
   

STEP 6: Display Data

Image Illustration: Chico Glacier 
Chico Glacier - 2003 to 2007 

The image above shows how the Google Earth 
measuring tool was used to determine a 
known distance based on a nearby landmar1c., 
allowing us to estimate the change in the 
length of the glacier. 

When comparing astronaut images taken from 2003 to 2007, there 
appears to be a recession of the term inus of the Ch ico Glacier between 
300-500 meters. 
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Image Illustration:  Chico Glacier




 
    

STEP 6: Display Data

Observations of Image Illustration: Chico Glacier 

OBSERVATION TABL E 

Title of Data Display 
Chico Glacier - 2003 to 2007 

Type of Data Display 
Dala Tab., Graph Map Image Illustration 

(circle one) 

Summarize what the 
The image on the right shows how the Google Earth measurement tool was used to determine a 

data display is 
knewn distalce based on a neamy landmarK TIle two images 00 the len shoW the glacier with a 

illustrating. red reference line indicating change over time. 

List 1-3 general observations or trends of what the data display is showing. 
Hore: You may wistl 10 include vour lhouahl Drocess as lO 'lOW vou made vour observaliolJ. 

Observation #1 : There appears to be a recessioo of the terminus of Ole Chico Glacier between 300 500 meters when 
co"",,anng astronaut images taken from 2003 to 2007. 

Our team discussed the coofliding views of what the image was shoWing and had to fool< at a high resotrltion image to 
support our finding that the glacier was in fact retreating. You may have to fool< at a high resolrltion image to better 
determine the location of the terminus or the feature you are studying. 

Observation #2: 

The February 2007 image appears to shoW "'" ice or melting ioe. TIlis made it more chal lenging to locate the term.,us. 

Observation #3: 

The ice looks dirty, particu lany in the February 2007 image. 

EXpedIlIa'1 EJIIIh iIIId 5eyDnct. ~iIIIi Re6N1CI'1 nI ~ SCIence (~S) Educ:illIon - lIoon 3:D 
NASA JotfI&on Space cerr.1!f 

• 
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Observations of Image Illustration:  Chico Glacier.




 
  

STEP 6: Display Data

Image Illustration: Grey Glacier 

(fty • Fctt 201 0 

Grey Glacier - 2004 to 2010 

000 -1- -

The image above shows how the Google 
Earth measuring tool was used to determine 
a known distance based on a nearby 
landmar1c., allowing us to estimate the change 
in the length of the glacier 

When comparing astronaut images taken from 2004 to 2010, there 
appears to be a recession of the terminus of the Grey Glacier between 
300-500 meters. 
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Image Illustration:  Grey Glacier.




 
   

STEP 6: Display Data

Observations of Image Illustration: Grey Glacier • 

OBSERVATION TABLE 

Title of Data Display Grey Glacier - 2004 to 2010 

Type of Data Display 
Data Table Graph Map Image Illustration 

(circle one) 

Summarize what the The image on the right shows how the Google Earth measurement tool was used to delennine a 

data display is 
known distance based on a nearby landmark. The two images on the left show the glacier with a 

illustrating. 
red reference line indicating change over time. 

Ust 1-3 general observations or t rends of what the data display is showing. 
Nore: You mav wis/. ro illclude vour IlJOualll orocess as ro IIOW vou made vour observarioll. 

Observation #1 : 

The tenninus of Grey Glacier looks like a 3-tined forI<. Two of the tines wrap around a triangular island, creating a perfect 
environment for measurement. 

Observation #2: 

Using the island as a guide, we coukl see a retreat between 2004 and 2010. 

In 2004 ltJe fop of Ihe line of ItJe fori< was allhe broad end of the island. In 2010 there was a very visible distance belweelJ 
ltJe end of ltJalline and lhe broad end of lhe is/and. 

Observation #3: 

ElrpeIIDOO Earm ana Beyona: ~aI& ReWarcn ana ~ SClenoe (ARfS) ElJ'Uca1:lOn - venron J:D 
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Observations of Image Illustration:  Grey Glacier. 




 
    

STEP 6: Display Data

Image Illustration: Perito Moreno Glacier 
Perito Moreno Glacier - 2001 to 2009 

PerilO Moreoo • 200 I 

PerilO Me",oo • 1\1'" 2009 

The image above shows how the Google Earth 
measuring tool was used to determine a known 
distance based on a nearby landmark, allowing 
us to estimate the change in the length of the 
glacier 

When comparing astronaut images taken from 2001 to 2009, there 
appears to be little, if any, recession of the terminus of the Perito Moreno 
Glacier. 

• 
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Image Illustration:  Perito Moreno Glacier




 
     

STEP 6: Display Data

Observations of Image Illustration: Perito Moreno Glacier • 

O BSE RVAT I ON TABL E 

Title of Data Display Perilo Moreno - 2001 10 2009 

Type of Data Display 
Data Table Graph Map Image Illustration 

(circle one) 

Summarize what the The image on the light shows how Ihe Google Earth measurement tool was used to determine a 

data display is 
known distance based on a nearby landmarK The two images on the lell show the glacier with a 

illustrating. 
red reference line indicating change over time. 

list 1-3 general observations or trends of what the data display is showing. 

Observation #1: 

The terminus of Perito Moreno Glacier came in contact with a large rock outcrop thaI was located al the junction of two 
bodies of water. This created an excellenl landmarl< for making our measurements. 

Observation #2: 

Between 2001 and 2009 there is no visillie change in the glacie~s location with relation to thaI rock outcrop. 
assume that the glader neither retreated nor advanced. 

Observation #3: 

EXpeLttlCl'l EarIIl and Beyond: A&romat!rIat& ~rcn iW1CI ~oratIorI Sdenoe (AJ'tES) ElIUcalklrl - Ver&ron 3.0 
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Observations of Image Illustration:  Perito Moreno Glacier.




 
   

STEP 6: Display Data

Image Illustration: Viedma Glacier 
Viedma Glacier - 2002 to 2010 

Viedm • • Feb 201 0 

,­..... ' ... 

The image above shows how the Google Earth 
measuring tool was used to determine a known 
distance based on a nearby landmark, allowing us 
to estimate the change in the length of the glacier. 

When comparing astronaut images taken from 2002 to 2010, there 
appears to be a recession of the terminus of the Viedma Glacier between 
300-500 meters. 

• 
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Image Illustration:  Viedma Glacier




 
    

STEP 6: Display Data

Observations of Image Illustration: Viedma Glacier • 

OBSERVATION TABLE 

Title of Data Display 
Viedma Glacier - 2002 to 2010 

Type of Data Display 
Data Table Graph Map Image Illustration 

(circle one) 

Summarize what the The image on the right shows how the Google Earth measurement tool was used to detennine a 

data display is 
known distance based on a nearby landmark. The two images on the left show the glacier with a 

illustrating. 
red reference line indicating change over time. 

Ust 1-3 general observations or t rends of what the data display is showing. 

Observation #1 : 

Both images show almost the exact same area and landscape, making comparisons easier. 

Observation #2: 

We used the relatively straight end of one valley wall where the glacier empties into the lake as a tandmark for measumg 
change. 

Observation #3: 

The tenninus of Viedma Glacier extended far Ileyond the valley wall in 2002 but was parallel to rt in 2010. 

ElrpeIIDOO Earm ana Beyona: ~aI& ReWarcn ana ~ SClenoe (ARfS) ElJ'Uca1:lOn - venron 3:D 
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Observations of Image Illustration:  Viedma Glacier.




 
   

STEP 6: Display Data

Image Illustration: Upsala Glacier 

-

Upsala Glacier - 2004 to 2010 

p"'b • Feb 2010 

The image above shows how the Google Earth 
measuring tool was used to determine a known 
distance based on a nearby landmark, allowing 
us to estimate the change in the length of the 
glacier. 

When comparing astronaut images taken from 2004 to 2010, there 
appears to be a recession of the terminus of the Upsala Glacier that is 
roughly 500 meters. 

• 

Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.

Image Illustration:  Upsala Glacier




 
    

STEP 6: Display Data

Observations of Image Illustration: Upsala Glacier • 

O BSE RVAT I ON TABL E 

Title of Data Display Upsala Glacier - 2004 to 201 0 

Type of Data Display 
Data Table Graph Map Image Illustration (circle one) 

Summarize what the 
The image on the right shows how the Google Earth measurement tool was used to detennine a 

dam display is 
known distance based on a nearby landmarK The two images on the left show the glacier with a 

illustrating. 
red reference line indicating change over time. 

List 1-.3 general observations or t rends of what the data display is showing. 

Observation #1 : 

The major landmark in the Upsala Glacier images is a large lake located Ileside the glacier. The irregu lar shape of the 
lake creates several great landmarks for making our measurements. 

Observation #2: 

In the 2004 and 2010 images you can see numerous ice chll1ks ftoaling near the tenninus of the glacier. 

Observation #3: 

Using an indentation in the lake as a guide, we can see a retreat in the tenninus of Upsala Glacier. 
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Observations of Image Illustration:  Upsala Glacier.




STEP  6:   Display Data
 
Team Workspace Suggestions
 

You are encouraged to list the following information:  
•Post  the data displays  your  team  decided to create OR  a description of  
each data display: 
 Organized/Sorted  Data Table:  You may  already  have a data table 

listed in Step 5 but  you may  consider  posting your  sorted/organized   
data table or  even posting any  subsets  of  data you plan to use. 

 Graphs 
 Data displayed on a Map 
 Annotated or  captioned image illustrations 

•Directly  under  each data display  list  your  observations  of  any  patterns  or  
trends  the data may  be showing. 

**Note:   Do not yet  analyze what  you think  any  patterns  may  mean in this   
section of  your r esearch.   

Presenter
Presentation Notes
TEAM WORKSPACE WIKI SUGGESTIONS:  STEP 6
Have your Team Workspace Wiki expert(s) post the above information on the wiki.  



  
 

  
 

    
 

     
      

 
  

     
    

     
     

       
 

STEP 7:
 
Analyze & Interpret Data
 

IMPORTANT ASPECTS OF STEP 7: 
•Using the knowledge you have gained, along with 
observations from your data displays you will be able to 
analyze and interpret data as it relates to your question. 
•You will discuss the analysis of your data in order to make 
sense of what it means and how it applies to your question 
and hypothesis. 

MAIN GOALS OF STEP 7: 
1.	 Examine observations from each data display. 
2.	 Make interpretations of those observations (how observations relate to 

and help you answer your question). 
3.	 Have specific evidence from your data displays or background 

knowledge that support your interpretation. 
4.	 Consider potential errors, inaccuracies, misinterpretations or limitations 

of data. 

Presenter
Presentation Notes
TEACHER SUGGESTIONS:
Approximate time frame to complete Step 7:  ~3 class periods
Grouping Suggestion:  It is recommended to have your students work in groups of ~2-4 students or discuss this as a class.  
Other Teacher Notes:   As you begin Step 7, it is important to do the following:
Display the team research question and hypothesis in the front of the room.  Students should focus on their question and hypothesis as analyze and interpret their data.  
Each student or student group should be provided with a copy (hard copy and/or access to an electronic copy, or ability to view data displays) of all data displays created as well as the observations made of each data display.  

*************************************************************************************
TEACHER NOTES STEP 7:
At the beginning of each step of the process, it’s a good idea to go over the important aspects and the main goal of each step.  This will give students an overview and preview of what they will focus on for each step within the process of science as they conduct their investigation.    




   STEP 7: Analyze & Interpret Data
 • 
I STEP 7: Analyze & Interpret Data I 

Now that you have your data displayed and have made observations of those displays, you are ready to 
do one of the most important steps of your research - analyZe and interpret your data. Analysis and 
interpretation of data are done by thinking about how specific observations and acquired knowledge 
directly relate 10 your question. Your goal is to be able to draw conclusions about your research with 
supporting evidence. 

As with all steps 01 your research, when you analyze your data, focus on your research question and hypothesis. 

I Research Question: 

Hypothesis: 

To help you analyze and interpret your data, fill out the information in the table provided. Include the following: 
• 

• 

• 

Specific Observations From Data Display: Examine the observations your team made 01 each data display. 
Think about observations that provide information related specifically to your question. You do not need to list 
every observation or even observations from every data display you created. List those ollservations that 
specifically relate to your question. 

Interpretation(s) of What Observation Means With Respect To Your Question: Describe how you think each 
listed observation can be interpreted. This means consider how the observation relates to your specific question. 

Evidence That Suppons Your Interpretation : In the third column, list additional evidence that s~ports the 
interpretation of your observation. This can be specific evidence from other data displays or from background 
knowledge you gained throughout your research. Use additional paper as necessary to further discuss your 
observations and interpretations. 

EIpe!IdCfl E'idl a1M1 5eyDn:l: A&mm3li!rlills Re6sn:h and ~ SCleI"O! (ARES) E®calkln - ven:on 3.0 
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TEACHER NOTES STEP 7:  ANALYZE AND INTERPRET DATA (SSG page 45)

At a minimum, student groups should have a copy of their created data display(s) and filled out observation table(s) that were discussed as a class.   If possible and if desired, provide access to or have hard copies of every created data display and filled out observation tables.  Students will use this information to help them answer their research question and either support or refute their hypothesis.

Have students list their research question and hypothesis on page 45 (shown here) of the Student Scientist Guidebook.  The question and hypothesis should still be posted somewhere in the room.  It was last written in the guidebook on page 31.  (Note:  The students’ hypothesis should not have changed as they progressed through their research.  As they draw their conclusions (next step) they will formally indicate if their hypothesis was supported or refuted.  A refuted hypothesis is just as valuable as a supported hypothesis.)   Students may already be thinking about whether the original hypothesis is either being supported or refuted by their findings, but they should only draw those conclusions after ALL the data is analyzed.





   STEP 7: Analyze & Interpret Data
 • 
STEP 7: Analyze & Interpret Data I 

Now that you have your data displayed and have made observations of those displays, you are ready to 
do one of the most important steps of your research - amlyze and interpret your data. Analysis and 
interpretation of data are done by thinking about how specific observations and acquired kllOl'lledge 
directly relate to your ques~on . Your goal is to be able to draw conclusions about your research With 
supporting evidence. 

As with all steps of your research, when you analyze your data, focus on your research question and hypothesis. 

Research Question: 

What types of changes are occurring to the five g laciers (Viedma, Upsala, Perno Moreno, ChiCO, and Grey) found in 
South America? 

Hypothesis: 

Al l five glaciers will have v isillie and measureable evidence 01 retreat 

To help you analyze and interpret your data, fill out the information in the table provided. Include the folkwling: 

• 

• 

• 

Specific Observations from Data Display: Examine the observations your team made of each data display. 
Think about observations that provide information related specifically to your question. You do not need to list 
eve!)' observation or even observations from eve!)' data display you created. List those observations that 
specifically relate to your question. 

Interpretation(s) of What Observation Means With Respect To Your Question : Describe how you think each 
listed observation can be interpreted. This means consider how the observation relates to your specific question. 

Evidence That Supports Your Interpretation: In the third column, list additional evidence that supports the 
interpretation of your observation. This can be specific evidence from other data displays or from background 
knowledge you gained throughout your research. Use additional paper as necessary to further discuss your 
observations and interpretatiOns. 

EXpeIJUoo E.¥th and &eynnd: A&romaterIa15 ~rch am E);{0I'aII0n SClenoe (ARES) ElM:atkln - Venlcn 3.0 
NASA Jotr15on Space cerr.er 

45 

Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.



   STEP 7: Analyze & Interpret Data
 
A N ALYS I S AND I NTERPRE T AT I ON OF DATA 

Evidence That Supports Your 
Specific Observation from Interpretation(s) of What Observation Means Interpretation 

1_ 

2_ 

3_ 

4_ 

Data Display with Respect to Your Question (from specific data displays :;d1or 
backaround k.nowIedae 
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TEACHER NOTES STEP 7:  ANALYZE AND INTERPRET DATA (SSG page 46)
As students re-examine their observations (and after they heard the observations made from other data displays created by other student groups in Step 6) students can think about how these observations and data displays can help them answer their question.  

Students should apply two key pieces of information towards answering their question as they work through the analysis of data and interpretations.  They are:  1) The observations made by all data displays and 2) Background knowledge obtained throughout their research process (or from previous work). 

Have students brainstorm how a specific observation(s) made from their created data display(s) provides information that can be interpreted to help answer the team’s science question.  Students should fill out the table on page 46 and 47 of the Student Scientist Guidebook (shown here and the next slide) by doing the following:
A.  List a specific observation (or combination of observations) from their created data display that they think provides information related to their question (first column).
B.  List how that observation can be interpreted to help answer their question (middle column).
C.  List any additional evidence that supports that interpretation.  This can be from other data displays or from background information they researched (last column). 

If students have more than 8 items for their analysis and interpretations of data table, have them list those additional items on a separate piece of paper.




   STEP 7: Analyze & Interpret Data
 
A NALY S I S AND INT ERPRET ATI ON OF D A TA 

Evidence That Supports Your 
Specific Observation from Interpretation(s) of What Observation Means Interpretation 

5. 

6. 

7. 

8. 

Data Display with Respect to Your Question (from specific data displays and/or 
backoround Imowtedoe) 
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TEACHER NOTES STEP 7:  ANALYZE AND INTERPRET DATA (SSG page 47)
Continued from page 46.




   STEP 7: Analyze & Interpret Data
 • 
ANA L YS I S A N D I NTERPRETAT I O N O F DATA 

Evidence That Supports Your 
Specific Observation from Interpretation(s) of What Observation Means Interpretation 

Data Display with Respect to Your Question (from specific data displays e~ndlor 
back around knowIedae 

1. Except for the Pelito Almost all South American glaciers we studied Data from OlIf data table, image 
Moreno Glacier, all of the seem to be retreating. illustrations, measurements made, and our 
gladers retreated during the grap/1 al l ~ that most of the five South 

periods measured. In all American glaciers we studied are 

cases that retreat was al least reb-eating . InfcxmatiOfl from the Argentina 

300 meters to as much as 
Travel Guide website also stated that the 

500 meters. 
Perno Moreno Glacier was advancing. The 

{Glacier Data Table: c::>bcefViilOOn 
BBe and the PATAGONIA· 

#f.} 
ARGENTINA.COM sites both stated that 
the Upsala Glacier was retreating. 

2. The Perito Moreno Glacier AI least one of the five South American glaciers Data from our data table, image 
does not appear to have any we studied, specifically Perito Moreno, is not illustrations, measurements made, and our 
changes to its tenninus. chang ing. This leaves open the possibility that graph al l support that at least one of the five 
[Temmus Chang~ of ~ South other gladers in South America may not be South American glaciers we studied is not 
American Glaciers: ObseIvaoon tl2.] chang ing as well. changing. 

3. None of the five glaciers we The cause of no growth could be based on Our background research (Extreme Ice 
studied showed growth. dimate changes in the region over time. This Survey} provided information comecting 
{Temfnus ChangN of Five South cou ld be telling us that there is less climate ch.,mge wi1h glacial retreat. 
Amencan Glaciers: Obsetvalion tl2.} precipitation or warming in the region. 

4. All five glaciers are located There may be a localized effect causing four of Our Continental and Regional Maps of 
near the same line of the five glaciers in our study to show evidence Gfaciers show this localized area of glaciers 
longitude and are of retreat. The Perito Moreno GlaCier, which we studied as well as the larger region with 
approximately 0.5 degrees of showed no s~ns of retreat, may have another additional glaciers. Additional ly, our data 

latitude apart from each other. variable affecting il. table and internet sources provide 

{R~ Map of Glacfero We supporting evidence for the retreat of four 

Inve3tigated: ObctWaDon #1, 2} glaciers in this k>calized area except for 
Perno Moreno. 
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   STEP 7: Analyze & Interpret Data
 
A N ALYS I S AN D INT ERPRETAT I ON OF DATA 

Evidence That Supports Your 
Specific Observation from Interpretation(s) of What Observation Means Interpretation 

Data Display with Respect to Your Question (from specific data displays and/or 
background knowtedge) 

5 . The five glaciers are located Since 4 out of the 5 g laciers we studied in this area Our background research from the Extreme 
a)ong 3 mountainous region showed visible signs of retre3t, there may be a Ice Survey website states that global 
containing runerous other decreasing amount of snow fait Of" warming surface temperatures have increased over 
glaciers. t~tures in this mountainouslregional area. If the last 100 years and are projected to 
{Regional Map of Glaciero WE' this is the case, in the future we could see additional continue to rise. Warming temperatures 
/nve:;tigated: OOOi!!'lViilUOO #3} evidence of retreat to the five glaciers we studied would contribute to the continual retreat or 

and potentialty others in the region. melting of glaciers. 
6 . There is a significant change There is definite visible evidence of retreat of the The measurements made using Google 
in the location and shape of the Upsala Glacier observed in astronaut photographs. Earth show that the Upsala G lacier had the 
terminus from 2004 to 2010. This visible evidence of retreat COlJId probably be largest amount at visible retreat. 
{Up:;ala Glaaer, Argentina: detected in other glaciers in the 3rea. The Upsala Information read 00 websites also indicated 
Obcetva5on #2} GI3cier could be retre3ting more than other gl3ciers that the Upsala G lacier was once the 

in the region. largest glacier in Argentina but has been 
showing signs of retreat. 

7. 

8. 
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   STEP 7: Analyze & Interpret Data
 • 
Considering potential errors, inaccuracies, or limttations of your data is another important part of this step in the process of 
science. Stating these challenges up front helps others know}'Ou were aware of these aspects and took them into 
consideration as you stated }'Our final conclusions. 

Suppose your question was, "What is the average length of sand dunes?" If you were only able to measure the lengths of 
one type of sand dune in only one desert, is that enough data for you to conclude that your average length is accurate for 
all dunes? What tt the resolution of the images you viewed made tt dttficult to measure dune length wtth confidence? 
Perhaps the data you focused on did not allow you to obtain the information andior measuremenls you needed to answer 
your question. These would I)e considered potential errors, inaccuracies. or l i mtta~ons of }'Our data that should be 
thought about as you draw your cond usions. An acknowledgement of the limttations you list could help Mure research 
related 10 your quesli(n 

Potential errors or 
inaccuracies 

Potential 
misinterpretations 

Limitations of data 

other 

Consideration of Issues, Potential Errors, or Limitations of Your Research 
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TEACHER NOTES STEP 7:  ANALYZE AND INTERPRET DATA (SSG page 48)
Students should think about any issues, errors, or limitations of their research – things that may have caused potential errors, inaccuracies or misinterpretations of their data.  Discuss an example with students and then give student groups ~10-15 minutes brainstorm their ideas on this.  Discuss ideas as a class. 






   STEP 7: Analyze & Interpret Data
 
Considering potential errors, inaccuracies, or limttations of your data is another important part of this step il the process of 
science. Stating these challenges up front helps othe/S know you were aware of these aspects and took them into 
considernijon as you stated your final conclusions. 

Suppose your Question was, "What is the average length of sand dunes?" If you were only able to measure the lengths of 
one type of sand dune in only one desert, is that enough data for you to conclude that your average length is accurate for 
al/ dunes? What tt the resolution of the images you viewed made tt dttficull to measure dune length wrth confidence? 
Perhaps the data you focused on did not allow you to obtain the information andlor measurements you needed to answer 
your Question. These would be considered potential errors, inaccuracies, or limttations of your data that should be 
thought about as you draw your conclusions. An acknowledgement of the limttations you list could help Mure research 
related to your Question. 

Potential errors or 
inaccuracies 

Potential 
misinterpretations 

Limitations of data 

Other 

Consideration of ISSUes, Potential Errors, or Limitations of Your Research 
Some of the images were also taken wtth different focal length lenses and from different angles, 
so there could be an error in our measurements due to varying peJSpectives. 

"'"Note to teacher: You may wish to remind students that no measurement is exact '* 

We did our best to identify and measure changes to glaciers using visible landmar1<s in images. 
We may have misinterpreted some landmar1<s or views of the glacier terminus due to shadows, 
clouds, or glacial moraines. 

Limitation 1: We investigated a very small number of glaciers over a limited geographical region. 
Limitation 2: As we searched for astronaut photographs of each glacier, we found tt dttficull to find 
images taken in the same month of different years. II was also impossible to compare glaciers 
over the exacl same time span. The time spans varied from 4 to 8 years. 

Limited class time was an additional challenge. 
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 STEP  7:   Analyze & Interpret Data
Team Workspace Suggestions 

You are encouraged to list information from the table on 
pages 46 and 47 of the Student Scientist Guidebook. This 
information should include: 
•	 Specific observation(s) from specific data displays that 

directly relate to your question. 
•	 Your interpretation of what those observations mean with 

respect to your research question. 
•	 Additional evidence that directly supports your 

interpretation. This evidence may be from a different data 
display and/or background knowledge you have obtained. 

You are also encouraged to list the following: 
•	 Potential errors, inaccuracies, misinterpretations or 

limitations of data. 

Presenter
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TEAM WORKSPACE WIKI SUGGESTIONS:  STEP 7
Have your Team Workspace Wiki expert(s) post the above information on the wiki.  




  

  
  

  

      
  

 
  

      

     

   

STEP 8:
 
Draw Conclusions
 

IMPORTANT ASPECTS OF STEP 8: 
•Once you have considered and discussed your analyzed data, 
you will be able to draw conclusions. 

•This includes answering your question as well as deciding if 
your hypothesis was supported or refuted. 

MAIN GOALS OF STEP 8: 
Restate your question and answer it. 

Restate your hypothesis and indicate if it was supported or refuted. 

Consider what new research could be conducted based on your 
investigation 

Acknowledge those that helped you through this research. 

Presenter
Presentation Notes
TEACHER SUGGESTIONS:
Approximate time frame to complete Step 8:  ~1-2 class periods
Grouping Suggestion:  It is recommended to have your students work in groups of ~4 students or discuss this as a class.
Other Teacher Notes:   As you begin Step 8, it is important for students to have a copy of or have access to view the analysis and interpretation of data previously discussed (pages 46 and 47).  This will help them draw their conclusions about the question and hypothesis.     

*************************************************************************************
TEACHER NOTES STEP 8:
At the beginning of each step of the process, it’s a good idea to go over the important aspects and the main goal of each step.  This will give students an overview and preview of what they will focus on for each step within the process of science as they conduct their investigation.    




STEP  8:  Draw Conclusions • 
STEP 8: Draw Conclusions I 

You have done all your research, displayed and analyzed your data, and considered any potential errors, 
misinterpretations, or limitations. You are now ready to draw condusions about your Question and 
hypothesis. This is an essential part of your investigation, as it allows you to synthesize your overall 
research and state your results. It also allows others to conduct future research related to your Question. 

1. State your research QUestion. ___________________________ _ 

Based on your research and analysis of data, what do you conclude is the answer \0 your Question? Summarize your 
supporting evidence. 

2. State your hypothesis: _____________________________ _ 
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TEACHER NOTES STEP 8:  DRAW CONCLUSIONS (SSG page 49)
Have student groups discuss the information on pages 46 and 47 of the Student Scientist Guidebook together to draw conclusions to their research.  Students should be sure to:

Restate the team research question and answer it.  Students should summarize the evidence that supports the answer to their question.
Restate the hypothesis and indicate whether it was supported or refuted.  Students should summarize important evidence.

Continued on the next slide…
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Based on your research and analysis of data, was your hypothesis supported or reM ed? Summarize pertinent evidence. 

3. Ust at least one new question, or explain what Mure research could be conducted, sparked by your investigation. 

4. Who would you like to acknowledge for helping you complete your investigation? This may include your teacher, 
mentor, parent, or anyone else that helped you or provided support throughout your invesijgalion. _______ _ 

5. Reflect on your research and think about hoW you might have been able to improve your invesijgalion. List those 
ideas below. ___________________________________ _ 
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TEACHER NOTES STEP 8:  DRAW CONCLUSIONS (SSG page 50)
Continued from last slide….

Students should be sure to:
List at least 1 new question or indicate what future research could be conducted based on the research they did.
Acknowledge those who helped them during their investigation.
Reflect on their research and think about how they might have been able to improve their investigation.  You might consider giving students some time to think about this last question and potentially even answer it individually.  

Let students know they can consider continuing their research to compare what they have studied on Earth to another planetary body in our solar system.  




s STEP  8:  Draw Conclusion • 
STEP 8: Draw Conclusions 

You have done all your research, displayed and analyzed your dala, and considered any potential errors, 
misinterprelations, or limitations. You are now ready to draw condusions about your question and 
hypothesis. This is an essential part of your investigation, as it allows you to synthesize your overall 
research and state your results. It also allows others to conduct future research related to your question. 

1. State your research question. What types of chances are occurring to the five glaciers (VIedma, Upsala, Perito 

Moreno, ChiCO, and Grey) found in South America? 

Based on your research and analysis of dala, what do you conclude is the answer to your question? Summarize your 
supporting evidence. 

Four out of the five glaciers we investigated were retreating. This was supported by the analysis of quantitative 

measurements oblained through Google Earth and the qualitative observatklns noted in our image illustrations. 

Background information obtained from various websites provided us with additional supporting evidence. 

2. State your hypothesis: All five glaciers will have visible and measureabte evidence of retreat. 
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STEP  8:  Draw Conclusions 
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Based on your research and analysis of data, was your hypothesis supported or refuted? Summarize pertinent evidence. 

This hypothesis was refuted. However, four out 01 the five glaciers we studied showed visible and measurable evidence of 

retreat. This was supported by the analysis of guantitative measurements olltai1ed through Gooole Earth. 

3. list at least one new question, or explain what future research could be conducted, spar!(ed by your investigation. 

For future research we would consider investigating more of the glaciers in th is area to see if they are also retreating . 

4. Who would you like to acknowledge for helping you complete your investigation? This may include your teacher, 

mentor, parent, or anyone else that helped you or provided support throughout your investigation. We would like to 

acknowledge our teachers and our mentor for their help and support during our nesearch. We would also like to thank 

NASA for the opportun ity to request that an astronaut take a new image of Earth. This will allow us to further support our 

exploration and research of planet Earth. 

5. Reflect on your research and think allOut how you might have been able to improve your investigation . list those 

ideas below. If we were to do this research again, rt might be better to look at a greater numller of glaciers in this area. 

The more glaciers we analyze, the more confident we could be in drawi1g conclusions allOut the overall trend in changes 

occulTing to glaciers in this region. We could have also looked at data from sources that could provide additional 

evidence to support or negate the changes to these glaciers that we were seeing from astronaut photos. This would allow 

us to know tt our findings from measurements we made using Google Earth were reliable or potentially questionable, 

helping us to strengthen our overall conclusions. Lastly, it would have been better to use the exact span of time for each 

glacier comparison to have a consistent set of data to compare. 
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STEP 8: Draw Conclusions 
Team Workspace Suggestions 

You are encouraged to list the following information: 
•Summarize conclusions about the answer to your question.
 
Highlight the most important aspects of your research that
 
support that answer.
 

•Summarize information about whether your hypothesis was
 
refuted or supported.  Be sure to include a brief explanation.
 

•Briefly mention new questions or future research that could 

be sparked from the investigation you conducted.
 

•List and acknowledge those who helped you throughout your 
research. 
•List any reflections about your research. 

Presenter
Presentation Notes
TEAM WORKSPACE WIKI SUGGESTIONS:  STEP 8
Have your Team Workspace Wiki expert(s) post the above information on the wiki.  




THE BEYOND 
Now tllm you have a better understanmng of Ihe system andl feature(s) you have studied on Eartll\ you may decide to 
condu,ct a planetary body comparisonl . Earth is a uniq,ue pl!anet The interrelatedl Earthl system sci.ence IllOdei might not 
necessaJiiy apply to other bodies in our Solar System. Your teacher can 'Use ac1ilvities, such as Ihe Blue Marble Matches 
to Ilel'p you get a sense of how to conduct planetal)' comparisons. YOUI are not required to conduct sHch an investigatiolli. 
It may, however, provid'e interesting oonneotions to wIlat you Ilave already studied on Earth. 

If you decide to conduct a pl!anetal)' body comparison, other terrestrial bodies you may oonslder researching are: 

-Mars -Earlh's Moonl -MerCl!lry 
-Venus -Asteroids -Moons of Jupiter (10, Galllymed:e, Callisto, Europa) 

These are a few examples of other woJ1'ds NASA is ·currently investigatingl. There are other planets in ou r solar system 
and otller solar systems beingl explored. Con parntive planetology [s how researchers use· what is knowli1 about Earth to 
better understand otller planetary bodies illl our Solar System. Consider conducting a planetal)' ·oomparrisolll investigation 
and take your researoh out of this wond ..... andl beyond! 

Impact craters (top row) and volcanoes (bottom row) on Earth and other planetary bodies illl our Solar System. 
~UlAll L.a:::.y , <Dln u U'CTUI .... . o""KKI .... l la lr'l lDKI I v=DC"I:II l I:II I ita .... L-AfAUI,r:nn." I ·.:R.fIC1 "-'!C: l..".'1...'.:IJ ~UUII I - ... C1 a. .... . .... . 'UI 5] 
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THE BEYOND:  (SSG page 51)
Students might consider doing a planetary comparison once their research of Earth is complete.  These images, in addition to the Blue Marble Matches activity, may help spark a future investigation involving comparative planetology.  




  

  

  

     
 

STEP 9:
 
Share Research
 

IMPORTANT ASPECTS OF STEP 9: 
•Publishing or presenting your science research is an 
extremely important part of science. 

•Sharing your discoveries will allow others to learn from and 
build on your previous research. 

MAIN GOALS OF STEP  9: 
Share your r esearch with others. 

Presenter
Presentation Notes
TEACHER SUGGESTIONS:
Approximate time frame to complete Step 9:  As time permits
Grouping Suggestion:  Dependent on how students want to share their research.
Other Teacher Notes:   Students should consider sharing their research with other students/classes in their school, with the school administrator, or even simply within your own classroom.  If students posted their research on a Team Wikispace, other students across the nation will be able to benefit from the research your students have completed.  

*************************************************************************************
TEACHER NOTES STEP 9:
At the beginning of each step of the process, it’s a good idea to go over the important aspects and the main goal of each step.  This will give students an overview and preview of what they will focus on for each step within the process of science as they conduct their investigation.    




 STEP 9:  Share Research
 
STEP 9: Share Research I 

One of the final sleps of research is sharing H with others. Professional scientists go Ihrough a process of 
having their writlen papers formally evalualed by peers (other scienlists in the same or related fields). This 
is caned peer review. Every published scienlist must have hislher worK peer reviewed. This gives scientists 
the chance to acknowledge, question, or learn from each other's results, procedures, or condusions. It is 
somewhat like a system of checks and balances. Professional scientists also presenl their resuHs and 

condusions to their peers at conferences. This can be considered a type of peer review, although not as formal. Science 
is about new ideas, new discoveries, and building on prior knowiedge. If you don' share what you have researched, no 
one can IlUild on or learn from your ideas. 

Peer review can take place right in your classroom. By sharing your research wHh your teacher and other students in 
your school, you are participating in a type of peer review. As you assemble your Ii1dings, you should anticipate sharing 
your research wHh others using anyone (or more) of the options listed below. 

SHARING RESEARCH OPTIONS: 

• 

I . EEAB Team WorKsoace Wiki: If you have not already logged your team research on the wiki, you may consider 
doing so. This will allow you to share your research showllg the 9 steps in the process of science. 

2. Scientitic Paper. SCientists Who wish to publish their findings do so by wriIi1g a cohesive scientific paper or 
journal artide. This technical paper indudes titled sections thai discuss the details of your research. Sections 
generally included are as follows: Abstract, Introduction, Background, Experimenl Design, Data, Data 
Analysisllliscussion, and Condusion. This type of technical writing is very valUabie for you to experience. 

3. PowerPoint Presentation: PowerPoint slides should be organized to show the progression of your research as 
WIilten on your Team WorKspace Wiki or your scientific paper. Your presentation cannot, and should not, include 
all the text you induded on your wiki or in your scientific papeL A PowerPoint presentation should indude a 
summary of the most important parts of each step of your research. The content of the slides should include a 
mixture 0/ short bullets of information, images, and data displays that you can expand upon vertlally during your 
presenlation. Scientists typically use this format when presenting their research at conferences. 
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TEACHER NOTES STEP 9:  SHARE RESEARCH (SSG page 52)
As part of Expedition Earth and Beyond, students have a few choices on how they want to share their science with others.  They can consider:

Completing an EEAB Team Workspace Wiki to summarize their research.  If students did not use a wiki throughout their research, they can still request a wiki page and share their research once it is complete.  
Writing up a formal scientific paper (you may choose to do this with your students if you wish to have them practice formally writing up research).
Creating a PowerPoint presentation that they can use to present their research to scientists at NASA.  Let students know that they have the option to connect with actual scientists and potentially other student researchers to present the main points of their research.
Another option, not included in the Guidebook is to have students submit an abstract to share their research at a professional science conference.  This option would likely only be for students who feel as though their research was conducted at a high enough level to share at a professional conference.  For those high level student researchers, the Lunar and Planetary Science Conference (LPSC) might be a suitable conference to attend.  Information about LPSC is available at http://www.lpi.usra.edu/meetings/lpsc2012/  (change the year at the end of this url to find information about subsequent or previous years).

**NOTE:  If you would like to set up a conference to allow your students to present their research to scientists at NASA, please email Paige Graff at paige.v.graff@nasa.gov to discuss your interest and date options.




 STEP 9:  Share Research
 • 
As part of the Experiffion Earth ana Beyona Program, you have the opportunity to share your research and results by 
participating in a Virtual Team Results Presentation. These presentations wi. allow you to present your team's resuHs to 
scientists and NASA personnel as well as other students across the nation. If you are going to present your research live, 
you will need to have your research ready to present as a PowerPoint presentation. These virtual presentations wUl take 
place when a team is ready and will be run in a similar way to professional science conferences. Generally scientists 
meet in person at conferences. Since participants in EEAB will be from all over the country, these conferences will be 
held virtually. AI professional conferences, scientist presentations are limited to about 15 minutes. This is followed by 
5-10 minutes for questions or comments. EEAB will follow this same mocel. Keep th is in mind as you put together your 
presentation and practice it. Professional scientists and other student scientists will look forward to hearing about your 
research. You will be building on a body of knowiedge that will continue to grow as you and other students participate in 
Expedi~on Earth ana Beyona. 

EXPEDITION EARTH AND BEYOND - STEPPING INTO YOUR FUTURE 
As you finish your Experiition Earth ana Beyona investigation, you will have gained insight into the authentic process of 
science. Science doesn't just start and end. Each new discovery we make brings forth new questions and future wort< to 
be investigated. That is the 1rue nature of science. 

In the future, whether you decide to become a scientis~ engineer, or take any other career path, you will have developed 
and refined some very important skills throughout your participation 11 this project. 

IMPORTANT SKill S GAINED THROUGHOUT YOUR PARTICIPATION: 

» Critical thinking skills: Critical thilking is an essential skill for SCientists, engineers, and you. Any time you have 
a question you want to answer or a problem you want to solve, you use critical thinking skills. Sometimes you 
need to be creative with how you go about attacking a problem. Criticallllinking also allows you to evaluate the 
validity of statements and correctness of results presented by olllers. Your critical thinking and problem solving 
skills should have grown as you have participated in Expedition Earth and Beyond. 

» Discussion and Debate Skills: These skills are extremely important no matter what you do. Being able to 
convince olllers that your opinion is the "righr (or most valid) opinion, is a very good skill to have. Scientrtic 
discussions and debate are similar to arguments. The difference is, you need to back up your opinions with 
facts and observations based on real data. Discussion and debate should also never be taken personally. 
Everyone's opinion should be valued, and debating professionally is always recommended. 
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TEACHER NOTES STEP 9:  SHARE RESEARCH/SKILLS GAINED (SSG page 53)
Throughout their research students have gained valuable skills that should be useful to them in the future.  Those skills are:

Critical thinking skills
Discussion and debate skills  (the remaining skills are continued on the next slide)
Writing skills
Team work skills
Presentation skills
STEM careers




 STEP 9:  Share Research
 • 
IMPORTANT SKILLS GAINED THROUGHOUT YOUR PARTICIPATION (colllillued): 

, Writing skills: Whether you posted on a wiki or put your final findings together in an ouUine or a cohesive 
scientific paper, one of the key items to keep in mind is the neec to be dear and concise. This is important for 
any paper you write. Additionally, it is very important to learn how to appropriately cite references. Most papers 
you write in school or in your career will require this. 

, Team work skills: No matter what line of work you are in, learning to function as a team is essential. There is 
always compromise that neecs to take place when you work as a team. Learning to compromise and being open 
to different opinions is extremely imporiant. Every aspect of life requires team work on one level or another. 

, Presentation skills: Whether you debate a point of view or give a formal presentation, you are practicing 
presentation skills. If you can present your ideas clearly and with self-assurance, people wm have confidence in 
what you are presenting. You will also more easily convince people to agree with your point of view. Presenting 
with confidence comes with experience. The more you present, the easier it becomes. 

, STEM careers: Science, Technology, Engineering and Mathematics (STEM) offer exciting career opportunities. 
These careers can have a major impact on the lives of everyone on our planet. They are such inter-connected 
fields that ~ is very d~cult to participate in one area without touching on an aspect of the others. As you pursue a 
career for yourself in the future, one of the most imporiant aspects to consider is what you would enjoy doing for 
the rest of your life. 

Your participation in Expedition Eat1h anrJ Beyonri has provided you with an authentic experience in the process of 
science and the exploration of our Earth and possibly beyond. As we continue to explore our Earth and solar system, we 
hope you continue your journey of exploration both personally and professionally. 
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TEACHER NOTES STEP 9:  SHARE RESEARCH/SKILLS GAINED (SSG page 54)
Throughout their research students have gained valuable skills that should be useful to them in the future.  Those skills are:

Critical thinking skills
Discussion and debate skills
Writing skills
Team work skills
Presentation skills
STEM Careers

Students participation in Expedition Earth and Beyond has provided them with an authentic research experience in the process of science and the exploration of our Earth and possibly beyond.  As NASA continues to explore our Earth and Solar System, we hope your students will continue their journey of exploration both personally and professionally.  
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