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Goal:

EXPEDITION EARTH AND BEYOND (EEAB)

STUDENT SCIENTIST GUIDEBOOK
Teacher Guide

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)

b)

d)

e)

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.

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.

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.

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.
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:

e 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.

e 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.

Partof Teéf Guide. Includes

teacher notes and can be shown
as a presentation.

Additional Useful Resources:

Resource Notes About Resource Thumbnail of Resource
Launchpad These are inquiry-based optional activities to use with
Activities

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
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Expedition Earth | This presentation provides an introduction to important
And Beyond | aspects of student-led research and an overview of the
Student Scientist | 9_step process of science students will use as they

Guidebook conduct their research investigation. s s
Introduction

‘ STUDENT SCIENTIST GUIDEBOOK |

INTRODUCTION |

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

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

Content Standard A: Abilities Necessary to Do Scientific Inquiry

e |dentify 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.
e Communicate scientific procedures and explanations.
e Use mathematics in all aspects of scientific inquiry.

Content Standard D: Structure of the Earth System
e Landforms are the result of constructive and destructive forces such as crustal
deformation, volcanic eruption, deposition of sediment, weathering, and erosion.
e Global patterns of atmospheric movement influence local weather.

Content Standard D: Earth’s History
e 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
e 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

e 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.

e 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.

e All scientific knowledge is subject to change as new evidence becomes available.

Content Standard G: Science as a Human Endeavor
e Women and men of various social and ethnic backgrounds engage in the
activities of science.
e The work of science relies on basic human qualities, as well as on scientific
habits of mind.
e 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
e Number and Operations

Patterns, Functions, and Algebra

Geometry and Spatial Sense

Measurement

Data Analysis, Statistics, and Probability

NCTM Principles and Standards: Process Standards
e Problem Solving

Reasoning and Proof

Communication

Connections

Representation

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

Common Core State Standards: Content Standards
e Ratios and Proportional Relationships

The Number System

Expressions and Equations

Functions

Geometry

Statistics and Probability

Geography Standards:
e The World In Spatial Terms
e Places and Regions
e Physical Systems

Technology Standards:

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

Useful Websites:

e 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

e MY NASA DATA: http://mynasadata.larc.nasa.gov/

e Open NASA Data: http://data.nasa.qgov/

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.
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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 patrticipate 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

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.

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).

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.
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.

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.
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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)

2)

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.

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

®ooo

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

Screen shot of every page from the Student Scientist Guidebook

Screen shot of every sample page from the Model Investigation

Team Workspace Wiki Suggestions

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: Ultilize 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”

@

EXPEDITION EARTH AND BEYOND
Student Scientist Guidebook
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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.
e To view the Presenter notes click on the “Comment” button in the upper right
hand portion of the page.
e 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.
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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.
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A SNAPSHOT GUIDE TO USING THE EXPEDITION EARTH AND BEYOND (EEAB)
STUDENT SCIENTIST GUIDEBOOK AND RESOURCES

Suggested
Activity/Resource Main Objective(s) Amount of Helpful Hints
Time
Give students exposure to working with 3-5class |Depending on how much time you have, some optional activities to use with your students include the
Launchpad Activities astronaut images to help spark interest in a | periods per |Spheres of Earth Activity, the Blue Marble Matches Activity, or other launchpad activities to give your
topic to further investigate. activity students experience working with astronaut images.
Student Scientist Provid introducti d .  th
Guidebook (SSG) rovide an Introcuction and overview ottne |z min tes | Discuss information included in Student Scientist Guidebook Introduction PowerPoint/PDF presentation.
. 9-step process of science.
Introduction
Student Scientist Provide a model investigation that can be Pages from the Mt?ldel Inve:stlgatlon are included in the Student Scientist Guidebook "slides". Feel free
3 . . to use the sample "answer" pages from the model to help your students know how to approach any
Guidebook Model used to help guide students through their n/a N ) L . X
o . R given section of the Student Scientist Guidebook. Students can also independantly use or reference
Investigation own investigation. - - ;
the model investigation as a guide.
Student Scientist Organize students into small f 4-8 students to explore potential h questions the cl
Guidebook (SSG) - Step | Guide individual groups to create a 3045 rganize students into small groups of 4-8 students to explore potential research questions the class
1: Preliminary Questions limi > " . X can investigate. Keep in mind that by the end of Step 2, students will want to convince the rest of the
preliminary question to further investigate. minutes ; ; : P
(Pp1-7) class that their question should be the focus of the team investigation.
List sources where students can find . " .
astronaut photos. 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.
- Each student group should create a data table to collect data/log initial observations related to the
Have students create an initial data table. L 3
SSG Step 2: Initial preliminary question.
5 Fe ; ~3class  |Pairs of students should log information for 2-3 images. Students can use sources listed in the
Observations Have students log initial observations. o X . . .
periods guidebook or use hard copy images you may have available in class.
(pp8-17) - ” - : - —
5 Students should base their hypothesis on a discussion of observations logged and indicate other
Help students formulate a hypothesis. ; N X 3
information that may support their hypothesis.
At the end of this step, student groups will try to convince their classmates that their preliminary
Allow students to discuss and debate the investigation question should be the question the class focuses on as a team. Once a single team
team research question. investigation question is selected, make sure all team members discuss and create a blank data table
for data collection.
Gather basic background research and Review the importance of building on existing knowledge and keeping track of sources. It is
S5 S & |nf0rrr?at.|0n. i recommended to divide students into 6 groups to log information from questions 1-6. As students
Back roupndllnformation !—09 blbllpgraphlcal and summary ~2-3class |answer questions, they should keep track of any sources used. Once students finish answering their
( 189-24) information from each source. periods assigned question, they should collect and log data. By the end of this step, students should report out
pp . their information to the class so everyone can be aware of the information gathered. You might choose
Continue to collect and log data. to do this during 1 class period.
Finalize the team research question. Students should consider adjusting or refining their resarch question. Discuss potential refinements and
. - Finalize the plan on what data to collect and finalize the team's research question as a class. Students should also list their hypothesis along with
SSG Step 4: Experiment h s will @R e a ~1 class ” 3 . . N N 3
Design (pp25-29) where students will gather that data. period 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
Make sure everyone logs data consistently. to log bibliographical information from each source used as part of the research.
Finalize the data collection table(s) and
have team members collect data. Identify a couple of student volunteers to compile all team data into a master data table(s). It is
Collect and compile all data into one master recommended to create an Excel or GoogleDocs spreadsheet of the data. As data is getting compiled
. data table(s). (Make sure data is logged on a master data table(s), other students can continue to gather and log additional data and/or look for
SSG Step 5: Collect and | gnsistentl 1) ~1-2 class 8 . . .
" y: . areas to request as new data from the International Space Station. Consider asking students to come
Compile Data (pg30) periods N " N . N
. X up with areas they would like to have imaged by astronauts onboard the International Space Station for
Decide what nef\‘,;: data students might want homework. At some point, students should present image request options to the class and decide
to request and fill out and submit a Data which 2 options should be included on the Data Request Form .
Request Form (1 request form per class).
Decide on the different ways to displa
aolsicalckia 4 pay Display the team research question and hypothesis in the front of the room. Students should focus on
A " their question and hypothesis and then decide on ways to display their data. It will also be useful if each
SSG Step 6: Display Create data displays. ~2-3 class dent/stud X ided with hard o " N fth
Data (pp31-44) periods student/student group is provided with a copy (hard copy an /or access to an e_ectronlc copy) of the
. . ) master data table(s) created. Students will complete 3 parts in this step: 1)Decide on ways to display
List observations of data displays. their data, 2)Create their data displays, and 3) List observations of each data display.
Examine observations from each data
display.
Make interpretations of those observations Students should have access to all data displays and the observations listed for each data display as
(how observations relate to and help they fill out the Analysis and Interprepation of Data tables on pages 46 and 47. They should list specific
SSG Step 7: Analyze answer the question). ~B S observations, describe how that observation can be interpretated with respect to their question, and
and Interpret Data (pp45- [Have specific evidence from the data beriods provide additional evidence that supports the interpretation.
48) displays or background knowledge that
supports student interpretations.
Consider potential errors, inaccuracies, Students should reflect on their research and list potential errors, inaccuracies, misinterpretations or
misinterpretations or limitations of data. limitations of data.
Restate the team research question and
answer it. Students should consider the analysis of their data and overall research to determine an answer to their
Restate the team hypothesis and indicate question as well as indicate whether their hypothesis was supported or refuted. Students should
whether it was supported or refuted. summarize pertinent evidence.
SSG Step 8: Draw PP P
i ~1-2 class
Conclusions periods
(pp49-50) Consider what new research could be It is always important to consider future research that could be conducted. Students should list their
conducted based on the team investigation. 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 Your students can share their research with others in their school, finish logging their research
Research & Stepping S el i alEs As time information on their Team Workspace Wiki, or they can present their research to NASA scientists. As
Into Your Future : permits their research comes to a close, students should also reflect on skills obtained throughout their research

(pp52-54)

that will help them in the future.
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EXPEDITION EARTH AND BEYOND
Student Scientist Guidebook

GET ACTIVELY INVOLVED IN NASA EXPLORATION, DISCOVERY, AND THE PROCESS OF SCIENCE

As you begin your expedition of conducting research about Earth and/or a planetary comparison, it will be helpful to use
the S-step process of science as a guide. It is a good idea to take a look at each step of this process as a guick preview,
to make sure you know what to expect as you get started with
wour investigation.

OVERVIEW OF THE PROCESS OF SCIENCE

The steps and activities in this Student Scientist Guidebook will
provide strategies for you to use as you conduct your research
investigation. This S9-step process models what scientists do as
they conduct their own research.

The process of science is an iterative process. Throughout each
step, your team should focus on your research quesftion which
you may refine and change more than once. As you gather
background research, this will help you finalize your research
guestion and decide on the methods (experiment design) your
team will use to collect, display, and analyze data to help you
draw conclusions about your research. Although your research
should focus on something very specific, make sure you think
about the bigger picture. This includes thinking about potential
implications of your research — how what you are researching
may help you (or others) gain a better understanding of
processes on Earth andior other planetary bodies. A model of the process of science
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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.


[_STEP 1:Preliminary Question | Aj science begins with observations that lead to a question. This

preliminary question evolves from your cbservations, ideas, or prior knowledge and curiosity you may have
about a particular topic. This helps drive what you want to investigate.

| STEP 2: Initial Observations | vy must make initial observations and formally log data to figure out

what details or charactenstics of a feature(s) you may be interested in investigating. These observations will
help you refine your question and formulate an initial hypothesis.

[_STEP 3: Background Research | Background research from books, scientific joumals, magazines, the
internet, or scientists is essential to help you understand what is already known about what you may be

researching. It is important to keep track of sources you use as part of your research so you can cite them
appropriately.

[_STEP 4: Experiment Design | \y;tn your developing knowledge and observations, you will likely adjust
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 expenmental design.

[_STEP 5: Collect and Compile Data | 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

(_STEP 6: Display Data | Displaying your data helps you organize it. Data can be displayed in tables, in
graphs, on maps, or even as annotated or captioned image illustrations. General observations of data
displays help you think about general trends the data are showing.

| STEP7: Analyze & Interpret Data | |)sing the knowledge you have gained, along with observations

from your data displays, you will be able to analyze yourdata. This will help you interpret or make sense of
what the data mean and how it applies to your question and hypothesis.

| STEP8: Draw Conclusions | once you have analyzed your data you will be able to draw conclusions.
This includes answering your guestion as well as deciding if your hypothesis was supported or refuted.

_STEP9: Share Research | Publishing or presenting your science research (even to your classmates) is
an extremely important part of 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 drnive
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 guestion must dnve 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
iInvestigate.



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.    


i
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STEP 1: Preliminary Question™

Beginning the Process of Science: Conducting Your Research

| STEP 1: Preliminary Question |

Everyane observes and leams from personal experiences. Based on your experiences, in the space below,
list what you may know about studying features on Earth with images taken from space.

Clscuss the Information you listed with your group. Basad on your group discussion, flll out the table oelow. Llst three
specific features you think would be interesting to study, the associated Earth System (biosphers. atmosphere,

hydresphere, or gecllithosphere) and deseribe or list a specific aspect ar characteristic of each listed feature.

Feature

Earth System

Describe or list a specific aspect or characteristic of this feature
that you find Interesting.

Cxopeditor Cark and Deyond: Astomatenals Re3sasch and Cxploration Science (ARLCS) Cducation —Yesion 3.0
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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).


W‘* STEP 1: Preliminary

Beginning the Process of Science: Conducting Your Research

| STEP 1: Preliminary Question |

Everyone observes and learns from personal experiences. Based on your experiences, in the space below,
list what you may know about studying features on Earth with images taken from space.

You can see the difference between inhabited areas and natural areas because of regular shapes in inhabited
areas.

You can tell the differences in the depth of water based on the color of the water. Light blue water is usually
shallow. The darker the blue, the deeper the water, Brown, green, or yellow colors in the water are usually due to
sediments andfor organic matter in the water

When you use different lenses on the camera, you get very different views of the surface. Longer focal length
lenses show small areas up close. Shorter focal length lenses show large areas in less detail.

Discuss the information you listed with your group. Based on your group discussion, fill out the table below. List three
specific features you think would be interesting to study, the associated Earth System (biosphere, atmosphere,
hydrosphere, or geollithosphere) and describe or list a specific aspect or characteristic of each listed feature.

Feature

Earth System

Describe or list a specific aspect or characteristic of this feature.

Volcano

Lithosphere

Locations of most volcanoes
Lava flows
‘Volcano types

Glacer

Hydrosphere

Features/charactenistics of glaciers
Changes in glaciers
Glaciers of South Amenca

Other places glacers are found
Meiting glaciers

Coastlines

Hydro/Lithosphere

Beaches along coastiines
+ Shapes of coastiines

Expedition Earth and Beyond: Astromatenas Research and Exploralion Scencs (ARES) Sducation — Version 3.0 6
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Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 


9 STEP1: Preliminary Question®

Beginning the Process of Science: Conducting Your Research

Preliminary Questions: Based on your group discussion, create a preliminary question for each feature of interest you
listed. Be sure to focus your questions on a specific aspect or charactenstic of that feature that can be observed in

astronaut photographs.

Feature 1: Aspect/Characteristic of feature:
Question:
Feature 2 Aspect/Characteristic of feature:
Question:
Feature 3: Aspect/Characteristic of feature:
Question:

Discuss these questions and others created within your group. Combine your best ideas to decide on a preliminary
research question your group will explore further. Factors that may help you decide are:

Which question is most interesting to your group?

Which question focuses on an aspect or charactenstic that can be observed in astronaut photographs?

Which question can be successfully investigated using astronaut photographs and other data?

Which guestion may be important or have a potential implication or impact for you, your class, or society?

After your discussion, write your preliminary research question.

Expedition Earth and Beyond: Astromatenas Research and Exploration Science (ARES ) Soucation — verson 2.0
MASA Johnson Space Center
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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

Beginning the Process of Science: Conducting Your Research

Preliminary Questions: Based on your group discussion, create a preliminary question for each feature of interest you
listed. Be sure to focus your questions on a specific aspect or characteristic of that feature that can be observed in
astronaut photographs.

Feature 1:  Volcanoes Aspect/Charactenstic of feature: _ lavers of lava flows
Question:

Is it possible o determine the age of lava flows using astronaut pholography?

Feature 2. Glaciers Aspect/Characteristic of feature: __ melting
Question: Can you see evidence of glaciers melting in South Amenca?
Feature 3: _ Coastlines Aspect/Charactenstic of feature: shape of the coastline

Question; _How do the shapes of coastlines on the east coast of the United States compare to the shapes of coastlines
on the west coast?

Discuss these questions and others created within your group. Combine your best ideas to decide on a preliminary
research question your group will explore further. Factors that may help you decide are:

« Which question is most interesting to your group?

« Which question focuses on an aspect or charactenstic that can be observed in astronaut photographs?

« Which question can be successfully investigated using astronaut photographs and other data?

+ Which question may be important or have a potential implication or impact for you, your class, or society?

After your discussion, write your preliminary research question. \What types of changes are occumng o the

glaciers found in South Amernica? (Our group changed the onginal question 2 because we did not want to make the

assumption that the glaciers were already melting. )

Expadiipn Earth and Seyond. Asiromatenas Ressarch ang Exploralion Science (ARES ) Education — Version 3.0 7
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 
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02} 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
iInvestigate 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:

List sources where you can find astronaut photos.
Consider what data and observations you will log.
Create an initial data table.

Log your initial observations.

Formulate a hypothesis.

Discuss and debate the team research question.

o o L e ) =



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.    
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STEP 2: Initial Observations

A. FINDING ASTRONAUT PHOTOS

[ STEP 2: Initial Observations |

Now that you have a preliminary gquestion, you nsed 1o start making and logging observaticns of astronaut
photograghs. Astronaut photos should be vour initial source of data. These observations (which are part of

data gathering). will help you formulate a nypothesis as you look for patterns or frends. \Vhile making
obsarvations, you may decide to refine your question. This is a natural part of the process of sciencs.

As you canduet your investigation. it is impartant te focus on your question. \Write your question in the space below.
Research Question:

As you wark to complete Step 2 of the process of science, you will do the following: A) Liat sourees where can you find
astronaut photos, B) Consider what data and observations you will log, C) Creale an initial data table, D) Log your initial
otservations, £) Formulate 2 hypothesis, and F) Discuss and debate the team research question.

A. FINDING ASTRONAUT PHOTOGRAFHS
Below iz a list of two sources where you can find astronaut photos. Az you find additicnal scurces, add thase to your list.
Source #1.

= ‘Website name:. Expadition Earth and Beyond Quick List of Images

F \Website link: http:!/ares jsc naza. gov/ares/ssab/atmosphera . cfm

Source #2!

= \Vebsite name: Galeway to Astronaut Phctography of Earth

= \Website link: hitp.//eol.jsc.nasa.gov

Expcdition Eartnh and Beyond: Astromatorals Fescarch and Exploration Science (AR=S) Educaton  Verson 3.0 %
WASA Johnsor 3pace Cenler
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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

[ STEP 2: Initial Observations |

Now that you have a preliminary question, you need to start making and logging cbservations of astronaut
raphs. Astronaut photos should be your initial source of data. These observations (which are part of

data gathering), will help you formulate a hypothesis as you look for patterns or trends. While making

observations, you may decide to refine your question. This is a natural part of the process of science.

As you conduct your investigation, it is important to focus on your question. Write your question in the space below.

Research Question:

What types of changes are occurnng to the glaciers found in South Amenca?

As you work to complete Step 2 of the process of science, you will do the followming: A) List sources where can you find
astronaut photos, B) Consider what data and cbservations you will log, C) Create an initial data table, D) Log your initial
observations, E) Formulate a hypothesis, and F) Discuss and debate the team research question.

A. FINDING ASTRONAUT PHOTOGRAPHS
Below is a list of two sources where you can find astronaut photos. As you find additional sources, add those to your list.

Source #1:
* Website name:

» Website link:

Source #2:
» Website name: Gateway to Astronaut Photography of Earth

» Website link: http://eol.jsc.nasa.gov

Expadition Earth and Seyond: AsTromaterisis Ressarch and Exploration Scisncs [ARED) Educalion - Version 3.0 E
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 


STEP 2: Initial Observations
A. FINDING ASTRONAUT PHOTOS

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

* Website name: MNASA Earth Observatory

# Website link: _ hitp://fearthobservatory nasa.gov/

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

+ Website name: The LANDSAT Program

* Website link: hitp-flandsat.gsfc.nasa.gov/

Feel free to list other sources you want to explore.


Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 


STEP 2: Initial Observations

B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG

B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG

Once you know where tfo find astronaut photos, you need to consider what specific information to log. Each image you
observe has its own unique information referred to as metadata. The following statements are designed to help you
consider what metadata and other information you may want to log.

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

image identification number cameras fongitude date quantitative
notes/comments qualitative lenses latitude

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 and of an image will provide
you with an exact location of that image on a map of Earth.

3. Based on your preliminary question, what specific feature(s) will you look for in each image?

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

Expedition Earth and Beyond: Astromaterials Research ard Exploration Science (ARES) Education — Version 3.0 g9
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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

B. CONSIDER 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 unigue information referred to as metadata. The following statements are designed to help you
consider what metadata and other information you may want to log.

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

image identification number cameras longitude date guaniitative
notes/comments gualitative lenses latitude

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

2. The center longitude and latitude of an image will provide you with an exact
location of that image on a map of Earth.

3. Based on your preliminary question, what specific feature(s) will you look for in each image? _ glaciers

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

]

Expedition Earth and Beyond: Astromaterials Research and Exploration Science (ARES) Education — ersion 3.0 g
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STEP 2: Initial Observations

B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG

. Describe specific aspects or characteristics of this feature you will be looking to ohserve in images. List as many as
you feel are apgropriats.
If you decide to lock at changss cver time in an area, it would be important to reccrd the
the image was acquired.
There have been different hand-held astrocnauts have ussd to take
picturas. The most recent one is the Nikon D3.
Astrcnauts can use diffsrent on thelr cameras to acquirs Images that cover

different sized arsas. Images taken with longer focal lengths cover less area cn the ground but have more detail.
Images taken with shorter focal lengths cover more area on the ground but show |ess detail.

Scientists make observations that fall into two catzgories. okservations are
observations that focus on visual or descriptive characteristics noted about an image or data
observations are observations that focus on numeric information such as

mass, distance. area, etc. Both types cf observaticns can be uszful, depending on the research being conducted.

It can also be useful o log additional nofes/comments about an image that may not be part of vour formal
observations. This can be a statement atout the Image you may want to refer to at a later time.

1C.ls there any other data you fieel is important to log for your research? List additional data below:

The answers fo the above statemenis provide important datz to consider logging as you make observations of images.

As you decide on cther data fo lcg. think carefully to make sure you know how you will go about collecting that data.
Think acout what data you need thsat directly relates to your specific question.

Croedifion Carth and Cevond:  Asiromaterials Research eno Crploreton Science (ARCS) Cducation —Version 3.0 10
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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.   
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STEP 2: Initial Observations

B. CONSIDER WHAT DATA AND OBSERVATIONS TO LOG

4. Describe specific aspects or characteristics of this feature you will be looking to observe in images. List as many as

you fee! are appropnate.
Any types of changes to glaciers over time Size of the identifiable features on the surface of the glacier
Identifiable features on the surface of the glacier _ L ength and width of the glacier
5. If you decide to look at changes over time in an area, it would be important to record the date
the image was acquired.
6. There have been different hand-held cameras astronauts have used to take
pictures. The most recent one is the Nikon D3.
7. Astronauts can use different lenses on their cameras fo acquire images that cover

different sized areas. Images taken with longer focal lengths cover less area on the ground but have more detail.
Images taken with shorter focal lengths cover more area on the ground but show less detail.

8. Scientists make observations that fall info two categories. Qualitative observations are
observations that focus on wisual or descnptive charactensics noted about an image or data
Quantitative observations are observations that focus on numeric information such as mass,

distance, area, etc. Both types of observations can be useful, depending on the research being conducted.

9. It can also be useful to log additional noles/comments about an image that may not be part of your formal
observations. This can be a statement about the image you may want to refer to at a later time.

10.1s there any other data you feel is important to log for your research? List additional data below:

glacier name country

The answers to the above statements provide important data to consider logging as you make observations of images.
As you decide on other data to log, think carefully to make sure you know how you will go about collecting that data.
Think about what data you need that directly relates to your specific question.
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C. CREATE AN INITIAL DATA TABLE (Read over Data Table Tips)

C. CREATE AN INITIAL DATA TABLE

How do you organize all this information? The simple answer is to create a data table. A data tab'e provides a structure
for you to collect consistent data for all images yvou observe. This will later help you as you display your data and make
ocservations, interpretations, and ultimately draw econelusions about your questicn.

Read the data table tips to help you organize your initial data table

2

3.

B

5.

B

DATA TABLE TIPS: Befcre you create your data table, read these tips and look at the sample table provided. These
tips will help you create and refine your data table as your project evolves.

1.

Consider using your rasponses from Part B (fillHin-the-Clank statemenis) 2s column headings for your dala tabls.

Ezach column cf your data table should log one plece of data. For example, latitude and longltuds should each have
their own column. Do not combine this data in one column.

Excel or any other spreadsheet program can only “understand” number or letter data for each ficld. As you fitle any
column, be careful to include the appropriate "unit” so you can log your data as a number or |etter only.

If you Include a latltude column In your data table, It Is recommended to fitle this column Latitude (N). This ‘il allow
you to leg your latitudes as numbers in each cell of vour spreadshest. Be aware that the Gateway fo Astronaut
Phctography of Eanth webslte lists south [stlitudes as negative numbers. For example, an Image located at 74 south
would te written as (-74). Be sure you think about how you log your south latitudes, so you can be consistent when
using astronaut photograghs or data acquired from other websites.

If you include a longitude column in your d=ta fable, it i= recommended to tite this column Longitude (E). The
Gafteway fo Astronaut Fnofcgraphy of Earth webslte lists west longltudes as negatlve numbers. For sxample. an
image located at 35 west would be writlen as (-26). Be sure you think about haw you log your west longitudes so you
tan be conslstent when using astronaut photographs or data acguired from other websltes.

If you are looking for & specific feature, you can name the feature in the column heading along with & (Y or N). Lets
say. for example. you are studying sand dunes. You will ogvicusly be looking for sand dunes In each Image you
observe. A suggested tite heading would be Sand Dunes (Y or N). This will indicate that the feature was in the

Image (Y) or the feature was not chserved In the Image (N). Be consistent with how you log your data. For example.
either use “Y” or write out the whole word “Yes.” Cansistency is essential when logging dats.
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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 (continued):

7. Depending an what specific chservation you are looking for, you should consider creating & column heading that vill
allow you to log a consistent one or two word (or letier) cbhservation or number as applicable. For example, if you are
looking at sand dunes anc want to know the type of sand duns identified. you can titls the column heading $Sand
Dune Type [Barchan (B), Longitudinal (L), Star (S}, None (N/A) or Unsure (U)]. As you log your data, you can
include the letter or the name of the type of sand dune identified. Just be sure to log your information consistently.

8. You may consider logging the name of the country where an imege you observed is located. In this case. fitie the
column Country. When you log your data, be sure to log only the country. Do not include the city, state, or
continent. If you want that data recorded, it should be listed as its own column of data.

S. It is recommended to have a column in your table titled Qualitative Observations. This column would include
information that would likely contain more than a one cr two word cbeervation. You may decide tc start by logging
gencral qualitative (descriptive) information you think is important to note. As you further your rassarch, you may
look to add in specific qualitative observations rzlated {o the specific aspect of a feature you are ressarching  In this
column you may also consider creating a skeich. You can include this column anywhere in your dala {able where it
makes sense to the team.

10.You may also have a column In your table titled Quantitative Observatlons. For starters, this column may Include a
type of measurement information you may want to explore |sler. Be sure to include units of measure [Example: km)
If your team decides to include measuremsant or other numeric data, this at least gives you a starting point for later
consideration. If you eventually decide to gather more than cne type of numeric data, =ach type of data should have
its own column.

11.1t's a good Idea to have a column on vour data table for notes or comments. This column provides an area for you

to log additicnal comments you may want to refer to later. For example, you may note that a particular image would
be good to include as an image illustration (which will be discussed later).

Look at the sample table provided for Sand Dunes on Earth. Take note of the eclumn headings as well as the data listed
in each column. This sample fable includes actual information based on real imagsry. MNotice that some of the image
identificaticn numbers start with 1S5 and others with STS. This is based on whather the imagsry was taksn frcm the
International Space Statlon (15&] or one of the Space Shuttie misslons (STS).
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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.
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STEP 2: Initial Observations

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

SAMPLE MASTER DATA TABLE - SAND DUNES ON EARTH
I age 1% Latitude | Langitude | %and Sand une lype | Country | Dale i_amers | Uamera | Quslitathee Dibsarvations [imanhtatire Flotes /i omments
) it Dunes {3-Bamchnr; L- Avuired Fuud Observatiuns
ar N | Loneinalldd, C=Costeals Lergth
42 V| smnear WA = mona; 1 - ; r'::}
Lingmna} m
Hone atth ks dme 34
. Earkh Fros Space ITage
Sacies of long duses seon could Toosure the
T : . [ dar =
aTEE1AHI-TE e 4 Y i Wall 11/8/8s | Hasselblad 100 B it i Collect cn waga vima
Bas hect imaga qualiy
mrarle
ey v sibls dunas that rem [Nons attk i Bme 30z
BT 255 = o L Oran | 3risoer Uik —_— gt r_u:-um:alns; cunes |could TEasure the Grestoetall inzhls
ara b3 nnibjermagies in eolor [distanze batemss duna  |image.
e aatar, orests
[tz anky shows dunesin [Mene at th s bme aaz
detzil ot ool d ba
SEDIZE-LA7TO | 215 ] ¥ £ Lebic | L22€/DB | Mikaqdae| gop  [BRSTCFTR0 neotar Wieepind!
cotert dunes appaal distance betmee dune
oramgizh in color, crasts.
Cunes seaT o ba moving Mone at thim Bma o4z
along the Bndand am nea)  [could vaasure the
AR ] ;
135017=E-E290 23.3 3.5 [ C Egvpr 5/31'08 | Mko1Jex 530 AR g e A T M 2
tammizh in zolor crests,
Serat 1o b e @ cor bivalion |Mene al L& e sa.
Kok ot i trs hat are Fard (eoudd Taasee the
ESD1D-E-10024 29.4 .4 ¥ L hlgoria | L2 /11,04 190
: st DCSTEOC to dec pher, moy Fove flat  [distance betwe= dune
|I'IP"FH FrrwPn LR et

This samgle table shows a lcg of data and observations for flve diff2rent astronaut photographs. ‘Your team's final master
data fable may look similar to this but will include data from many moare images logged from all team members. Keep in
mind, the data ycu log should be based on what Is appropriate for your sclentific question. Be sure to log all data
consistently.

Discuss options for ereating your initial data table with your group. On the blank initial data table provided, draw in lines
as necessary and write in column headings to indicate what data you will callect,
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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 Longitude (Name of Notes/
ID# (E) Feature) Comments
(Y or N)
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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 Longitude (Name of Notes/
ID# (E) 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
now ready to look at images and log data. Go to one of the sources listed and log observations from 5-10 images on your
neatly drawn table.
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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).
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&2 STEP 2: Initial Observations

D. LOGGING INTIAL OBSERVATIONS (SAMPLE DATA TABLE)

Initial Data Table 1 - Glaciers in South America

Image ID Number

Glacier
MName

Date Image
Was Taken
(YYYYMMDD)

Latitude

Longitude
(E)

Country

Lens Size
(mm)]

Cualitative Observations

155022-E-073075

Upsala

20100225

-73.3

Argentina

80O

Morsine i appearent, glaciers feed into Ziaciers, otz of cohang
oMmE Sigas more than athars

ISS010-E-5807

Upsala

20041104

-73

Argentina

180

FomEe cah'ing, Mormne oncent, severd FInoers joined ntc one

ISS022-E-78363

Viedma

2010022

-73

~ F
Argentina

BOO

Dark istersl stresks along the top of the giscer, terminus
eppears fairty SLrsght BcToss, Coud  shadows appesr over
EROSF, 8D I BEOEAr: FADBrELED by watsr from soush fork
placier terminus — possinly calved off giacier

I55001-E-5108

Viedma

rgentina

Cari interni streaks along the top of the fmoer, terminus
BOpesrs comver with outwerd bulge nesr the center, and clowd
ShECOWE BPDEST OVEr Flaoer

ISS008-E-13260

Perito
Moreno

20040127

Argentina

N this imape the gister s crusheg against the sios of the
“island compietely. The two branches of Berito erd ot mkes
ThE lskes have very different cooaors Wy whe the Colors 50

different?

155015-E-19983

Perito
Maoreno

20070728

Argentina

Obwious evicences of calving ot the terminus. There is achusily &
ring of materisl ot the edpe. IS This one feature or @ series of

celenEs Inked topether”™

I155014-E-14359

Chico

20070217

Argentina

SrEEt SeRrEll vidw of tEs gres ThE EERETEI ZhApE of tha
MO ME: Ca D8 sasn i CCD. You ORA BIS0 o8s The bErFeRLs
of the E-]':i=' 2N e Muddy eee :"Iifi F 8 fuge ebtruchban

at thee end of the valley

ISS008-E-18428

20040312

So0d wile of e :l-:-!l-b;!' teim At ERE sng of the Biks Afvsr

thic barrier the calor of the water changes from grey to Dhue

I1550014-E-10766

20061225

(Erest owversll new of the ares shows the grey oolor of Grey's
runceT, while the giacer ta the night has & bloe color to the
FUnGET

20020401

Qveradl weew of the aren Showing sl of the Fiaciers
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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

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?
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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?
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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

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, complete the following:

1. What is your preliminary research question? What types of changes are occuming to the glaciers found in South

Amenca?
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 



STEP 2: Initial Observations

E. HYPOTHESIS DEVELOPMENT

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

All glaciers in South Amernca will be retreating.

3. What other knowledge do you have that directly supports this hypothesis? We have read information about

climate change in class that talks about warmming temperatures on Earth. This information would support our hypothesis

that all these glaciers will be retreating.
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STEP 2: Initial Observations

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION

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 investigation:

>

‘ o

v

DISCUSSION AND DEBATE CONSIDERATIONS:

Preliminary Question: Refine your question so it is focused on a very specific detail related 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 collected/logged 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?
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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

Expedition Earth and Beyond: Astromaterials Research and Exploration Science (ARES) Education — Version 3.0 16
MNASA Johnson Space Center


Presenter
Presentation Notes
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.  


==

&2 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 What types of changes are occurnng to the glaciers found in South Amernca?
QUESTION
+ Image ID #
DATA s Glacier Name
COLLECTION + Date Image was Taken
METHODS « Latitude
+ Longitude
{Include a bulleted » Country
or numbered list) + Lens Size
s (ualitative Observations
OTHER Researching this question will help to answer if the glaciers are shrninking. If the glaciers are
COMMENTS shrinking, how much longer will they be around? We wonder how this will impact the water levels
on Earth. We also think this might provide information related to climate change.
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STEP 2: Initial Observations

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION

As each group/individual presents their information, take notes so you can think about which project would be best for the
class 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 class/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.
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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

As each group/individual presents their information, take notes so you can think about which project would be best for the
class 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 class/group has decided to research:
What types of changes are occurring to the glaciers found in South America?

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.
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STEP 2: Initial Observations

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION

Fill out the table below to helg make sure everyone understands the importance of the data being collzcted as part of your
research. (Use additional paper as necessary.)

Specific Data/Metadata You
Will Log

Brief Explanation of Importance of this Data for Your Research

Remember the inlllal cata table you created In Part D (page 14)7 Everyone should create and use the same data table 1o
log the information you included above. Remember, logging data consistently is extremely important. Take some time o

create your team data tablze now.

If your proposed guestion was not selected as the guestion the team will focus on, do not feel bad. All team scientists
need to learn to compromise, cocme to a consensus, and move forward together. You can always continue tc research
your intereste on your own. You now have the chance to contribute to your team project and provide data that will help
others understand more about our planet. Your team research is very impcrtant and can be shared with other students
across the nation as well as with NASA scientists!
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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. 





R

&2 STEP 2: Initial Observations

F. DISCUSS AND DEBATE THE TEAM RESEARCH QUESTION

Fill out the table below to help make sure everyone understands the importance of the data being collected as part of your
research. (Use additional paper as necessary.)

SpeCiic Dm:t;dm. zon Brief Explanation of Importance of this Data for Your Research

This will allow us or anyone else to find this image again

Image ID Number

This will allow us to keep our data organized as well as help us to refer back to the
Glacier Name image. We can also research information on each glacier

We will be able to compare images and look for changes over a penod of ime
Date Image Was Taken

This along with longitude will help us to identify the location of the image.

Latitude

This along with latitude will help us to identify the location of the image.
Longitude

We will be able to better understand the location of the feature we are studying.
Country

This provides us with information about the camera that was used to capture the
Lens Size image

This information will help us determine what features and characteristics can be seen
Qualitative Observations in the image to further our study.

Remember the initial data table you created in Part D (page 14)? Everyone should create and use the same data table to
log the information you included above. Remember, logging data consistently is extremely important. Take some time to
create your team data table now.

If your proposed question was not selected as the question the team will focus on, do not feel bad. All team scientists
need fo leamn to compromise, come to a consensus, and move forward together. You can always continue to research
your interests on your own. You now have the chance to contribute to your team project and provide data that will help
others understand more about our planet. Your team research is very important and can be shared with other students
across the nation as well as with NASA scientists!
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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.
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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.)



)

PP STEP 3:
e 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.

Re
{\é’ Se‘?/-

|t 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.

*|t 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.
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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 ]

Once you decide on a team research guestion, which may still cet further refined. it is important to become
familiar with what other scientists already know about the subject. Think about the specific fzature that is
the focus of your question. \Vhat Earth system I|s most closely related to your featurs of Intersst
(biosphere, atmosphere, hydrosphere, geoilithosphers) and how is it related? These are sample
fuestions to answer as you conduct your investigation. Conducting background research is an ongoing
proccess. You should continually gain knowledge and becoms aware of information that already exists. Building on
existing knowledge is an important part cf the scientific process, so you can aveid “reinventing the wheel.”

As you continue your research, it is essential to constantly remind yourself of your research question and hypothesis.
This will allow you %o gather background research related specifically to your investigation. List your question and
hypothesis in the spaces provided:

Research Question:

Hypothesis:

Polential Sources for Background Research

As you conduct your background research, you must keep track of references you use to obtaln facts. general
information, figures, or images. VWhen you log and post information or write Up your results, you must cite your
references. Any fact, figure, or image you use needs to be cradited ty referancing it in your text and also including the
actual source in your refersnce or bibliography section. This allows readers to check your sources and gain confidencs in
your ressarch and conclusicns. It also gives credit to the person(s) who did the work you are now using. Citing resourcss
appropriately is extremely important. ALL scientists do this!

The following four sources may be useful for your research:
1. Books: Books offer a wealth of information that has been written, reviewed, and published. These reliable
sources of information are strongly recommended as you conduct your ressarch.
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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. Journal Articles/Magazines: Scientific journals or magazines offer scme of the latest information and would bs an
excelient source for your ressarch. Some journal articles may be written at a very high level, but they will give you
insight into scientists’ thinking tcday abcut a specific topic.

3. Electronlc Sources (Intemnet): If you are using the Intsrnet as a source of Informaticn. you should be careful you
are using reliable sources. NASA sites would be considered reliable as would most edu or gov sites. The internet
should never be the sole source of your research, but It Is a great place to start. Sltes llke Wikipedia
(http:'wikipedia.org) can be a great starting point but should not be the only internet source you use. Some of the
Informaticn on Wikipedia may not be accurate.

4, SclentlstSclence Expertt Communication cr presentations glven by a sclentlst are alsc grsat sources. For
example, you may participate in a distance leaming conference. If there is information that pertains to your
Investigation, you can use and Include that Information as part of your research.

For each type of reference or source, make sure ycu |og the following information:

BOOK/JOURNAL/MAGALZINE ELECTRONIC SOURCE (Internst) SCIENTIST/SCIENCE EXPERT
a) Author Mameis) (Last name, first name) a) Authcr Name(s) (if one exists) a) Scientist Name (Last name, first nams)
o] Name of Book'Journal/Magazina b] Name of websile b) Affiliation iwhere scientist works)
o) Publisher ) Publication date (if nne is listed) ¢} Nate of eaonversalion
d) Year of pubilicalion ) Dale(s) you accessed Lhe sile d) Means ol communication (Wiki
distance lcaming connection, porsonal
2] ’'ages whers information was oblained el Website address commumication)
[ Sunnary ol infonalion ublained [ Sumrnary ol informalivn oblained &) Surrnmary ol mformalon vblzined

Gather Informaticn from any of these sources. Include each of the detalls listed above In your bikllograghy, except for the
surmmary information. The summary information helps you remember what details you obtained from that source for

possible referencing later In your oroject.
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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 Electronic 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: Astromaterials Research and Exploration Science (ARES) Education — Version 3.0
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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.



Once you decide on a team research question, which may still get further refined, it is important fo become
familiar with what other scientists already know about the subject. Think about the specific feature that is
the focus of your question. What Earth system is most closely related to r feature of interest
(biosphere, :flmosphere hydrosphere, geollithosphere) and how is it relat These are sample
questions to answer as you conduct your investigation. Conducting background resean:h IS an ongoing
process. You should continually gain knowledge and become aware of infformation that already exists. Building on

existing knowledge is an important part of the scientific process, so you can avoid “reinventing the wheel.”

As you continue your research, it is essential to constantly remind yourself of your research question and hypothesis.
This will allow you to gather background research related specifically to your investigation. List your question and
hypothesis in the spaces provided:

Research Queston:

What types of changes are occurning to the glaciers found in South America?

Hypothesis:

All glaciers in South Amenca will be retreating

Potential Sources for Background Research
As you conduct your background research, you must keep track of references you use to obtain facts, general

information, figures, or images. When you log and post information or wnte up your results, you must cite your
references. Any fact, figure, or image you use needs to be credited by referencing it in your text and also including the
actual source in your reference or IJIIbEDgr-Bph‘f section. This allows readers to check your sources and gain confidence in
your research and conclusions. It also gives credit to the person(s) who did the work you are now using. Citing resources
appropriately is extremely important. ALL scientists do this!

The following four sources may be useful for your research:
1. Books: Books offer a wealth of information that has been written, reviewed, and published. These reliable
sources of information are strongly recommended as you conduct your research.
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS. 



Ta properly cite a written source ‘within the text of your paper, presentation, or other documeant, you would include the
authcr and year of publication In parenthesls after your clied Information (Example. Graff, 2009). If there are multiple
authors, you waould indicate this by using et al. after the lead authar's name (Example: Graff st al., 2009). For wabsites,
you would include the website [Exampie. www.nasa.gov). To propery cite information from a scientist or science expert,
you would include the scisntist's name and indicate that it was personal communication (Example; Grafi. personal
communication, 2003)

Basic Background Research and Information

As vou conduct your research, there is certain information you should consider. Your research should focus on a specific
feature you can see in astronaut images of Earth. You should be able to tell cthers general information abeut that feature.
This includes what the fzature looks liks in astronaut photographs. It may also include information about where you might
find this type of feature on Earth and how it forms. |t is also important, if you will do & planstary comparisen, to include
this same information about this feature on whatever planetary body you will investigatz.

The Following list of questions is provided to help guide some of your beckgreund research. This infarmation may change,
or you may update it as you learn more. There may be other information you fee! is imgorlant to include as well. Add this
information as appropriate. To provide additional information for your question, use additional paper as necessary.

1. IMPORTANT DEFINITIONS: Nams and define the feature(s) you are studying as the focus of your research. Incude
other terms associated with your research that are important to understand.
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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.



To properly cite a written source within the text of your paper, presentation, or other document, you would include the
author and year of publication in parenthesis after your cited information (Example: Graff, 2009). If there are multiple
authors, you would indicate this by using et al. after the lead author's name (Example: Graff et al., 2009). For websites,
you would include the website (Example: www.nasa.gov). To properly cite information from a scientist or science expert,
you would include the scientist's name and indicate that it was personal communication (Example: Graff, personal
communication, 2009).

Basic Background Research and Information

As you conduct your research, there is certain information you should consider. Your research should focus on a specific
feature you can see in astronaut images of Earth. You should be able to tell others general information about that feature.
This includes what the feature looks like in astronaut photographs. It may also include information about where you might
find this type of feature on Earth and how it forms. It is also important, if you will do a planetary comparison, to include
this same information about this feature on whatever planetary body you will investigate.

The following list of questions is provided to help guide some of your background research. This information may change,
or you may update it as you learn more. There may be other information you feel is important to include as well. Add this
information as appropnate. To provide additional information for your question, use additional paper as necessary.

1. IMPORTANT DEFINITIONS: Name and define the feature(s) you are studying as the focus of your research. Include
other terms associated with your research that are important to understand.

s Glacier - a mass of freshwater ice that formed by accumulation of snowfall on land and flows slowly downhill in

response to gravity

Alpine or Valley Glacier - a glacier that forms in a mountain valley

Crevasse - a deep crack or crevice in the ice of a glacier

lceberg - a large mass of ice detached from a glacier and floating in the sea or a lake

Moraine — a mass or ridge of earth, rock, etc. deposited on the sides (lateral moraine), end (terminal moraine),

or between (medial moraine) a glacier

« Valley — a broad area of low-lying land situated between hills or mountains and usually having a river or stream
flowing along its bottom

o Calving — the breaking off of an ice mass from the parent glacier

¢ Terminus - the end of a glacier
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STEP 3: Background Research

2. EARTH SYSTEM INFORMATIOM: Explain basic information about this feature(s) inc'uding 'which Earth system it is
related 1o (litho/geosphers, hydrosghere, atmosphsere, or biosphere) and how it is related to that systemn.

a. Although thers is always an inferacticn between Earth’'s systems, which system s most clossly related to the

featura(s) you are studying?

b. What Is the significance/importance/rcle of the featurs within this Earth system?

c. If the feature you are researching. as part of your study, clays a major rcle in another Earth system, please explain.

3. FORMATICN FROCESS:
8. Describe the process of how this featurs is formed.
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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. 


STEP 3: Background Research

2. EARTH SYSTEM INFORMATION: Explain basic information about this feature(s) including which Earth system it is
related to (litho/geosphere, hydrosphere, atmosphere, or biosphere) and how it is related to that system.

a. Although there is always an interaction between Earth's systems, which system is most closely related to the
feature(s) you are studying? Glaciers are associated with the hydrosphere,

b. What is the significancef/importance/role of the feature within this Earth system? Glaciers hold large

guantities of fresh water

c. If the feature you are researching, as part of your study, plays a major role in another Earth system, please explain.

Glaciers also impact the geollithosphere by changing the appearance of the surface of the land as they move over it.

3. FORMATION PROCESS:
a. Descnbe the process of how this feature is formed.

Glaciers take hundreds of years to form. Snow builds up over time tuming into lavers of ice. The weight of the snow

builds up vear afier vear and compresses the layers together.
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STEP 3: Background Research

o. Draw a sketch or diagram with labels to illustrate how this feature forms.

4, FEATURE DESCRIPTION OR. CHARACTERISTICS:
a. ‘What specific characteristics are used tc identify this feature(s) in an image?

b. Are there any features that lock similar to the featurz(s) you are studying but are actually something else?

¢. How do you make surs you are not misidentifying this feature?
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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 or diagram with labels to illustrate how this feature forms.

hitp_ifibrary_thinkquest_org3876/glaciers htmil

4. FEATURE DESCRIPTION OR CHARACTERISTICS:
a. What specific characteristics are used to identify this feature(s) in an image? A glacier is a large mass of ice and

snow located in a mountainous area. It often has chunks of ice at the end of the glacier. Throughout the glacier,

there may be visible lines or streaks.

b. Are there any features that look similar to the feature(s) you are studying but are actually something else?

Pictures of snow on the ground can also be mistaken for glaciers

¢. How do you make sure you are not misidentifying this feature? To make sure you are identifying glaciers

use the charactenstics hsted above
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STEP 3: Background Research

5. ASTRONAUT IMAGES WITH THIS FEATURE: List the image identification numbers for at least three astronaut
nhotographs that include the feature(s) you are investigating. Include a thumbnail image of each listed astronaut
chotograph or include a skatch of each image in the boxes below.

A B. .

6. GEOGRAPHIC REGION OF FOCUS: What specific geographic region(s) on Eartn will you focus on to observe this
feature(s). and why? Reglons can be continents. countries, latitude/longitude ranges, cr some other geograchic
distinction
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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. 



5. ASTRONAUT IMAGES WITH THIS FEATURE: List the image identification numbers for at least three astronaut
photographs that include the feature(s) you are investigating. Include a thumbnail image of each listed astronaut

photograph or include a sketch of each image in the boxes below.
A. ISS010-E-5807 B. 1ISS022-E-78363 C. ISS008-E-13260

6.GEOGRAPHIC REGION OF FOCUS: What specific geographic region(s) on Earth will you focus on to observe this
feature(s), and why? Regions can be continents, countnes, latitude/longitude ranges, or some other geographic

distinction.

Our geographic region of focus is South America, We seemed to have the easiest ime finding large numbers of

astronaut images of glaciers showing change over extended periods of time in this region
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STEP 3: Background Research

7. FLANETARY COMPARISON: If you plan to conduct a plansiary body comparison, what planeiary body will you
compare this feature 1o on Earth? Includs an explanation as tc why you selected this planetary body.

If you plan to conduct a planetary body comparison, you should undzrstand how this feature and related processes work
on Earth first. Al this point you may consider the possibility of doing comparaiive research but you are encouraged to
complete your Earth-based research first.

Continue Logging Data and Making Additional Observations

As you continue with your research, making observations of Images Is alsc part of background Information.
The more observations you log, the more you will gain an understanding of how the process associated with
your feature(s) may work. Use your feam data fable (discussed on page 17) o log all information agreed
upon for every image you observe. At this point you should be meking observetions and logging data.
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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. 






STEP 3: Background Research

7. PLANETARY COMPARISON: If you plan to conduct a planetary body comparison, what planetary body will you
compare this feature to on Earth? Include an explanation as to why you selected this planetary body.

We would compare Earth to Mars. The European Space Agency's Mars Express released an image of Kasei Valles taken

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

Note: This student model will focus on the study of glaciers on Earth only, but students could do a planetary comparison
later on as an extension.

If you plan to conduct a planetary body comparison, you should understand how this feature and related processes work
on Earth first. At this point you may consider the possibility of doing comparative research but you are encouraged to

complete your Earth-based research first.
Continue Logging Data and Making Additional Observations

As you continue with your research, making observations of images is also part of background information.
The more observations you log, the more you will gain an understanding of how the process associated with
your feature(s) may work. Use your team data table (discussed on page 17) to log all information agreed
upon for every image you observe. At this point you should be making observations and logging data.
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‘s & 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. Listthe specific geographic region(s) on Earth you will focus on to
observe this feature and why.

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


324 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.
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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.    



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 knowledge that support this hypothesis.

Current Research
Question

Suggested
Refined Research
Question

Final Refined
Research

Question
(After discussing
options with the class)

Hypothesis
(Include 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 ime you have looked at many images that include the feature(s) you are researching. You should
have also leamed more about processes associated with this feature. As you learn more, refinements and

Before you move on, you should revisit your current research

Once you finalize your question and h

changes fo your question may occur.
queston. Decide if your question should be refined or even changed.

of procedures or methods to conduct your expenment (expenmental 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 knowledge that support this hypothesis.

ypothesis, the rest of your research should focus on answenng your question and
either supporting or refuting your listed hypothesis. This step in the process of science also involves formalizing your list

Cuneunltelgtﬁarch What types of changes are occurning fo the glaciers found in South Amenca?
What types of changes are occumng to the glaciers found in Argentina and Chile?
Suggested Are the glaciers retreating, advancing, or staying the same?
Refined Research 5 & 9 ying
Question What types of changes are occurring to the five glaciers (Viedma, Upsala, Perito Moreno, Chico,
and Grey) found in South Amenca?
Final Refined What types of changes are occurring to the five glaciers (Viedma, Upsala, Perito Moreno, Chico,
typ g g g p
Research and Grey) found in South Amenca?
Question . y X e ’
(After discussing **Note: Some groups may further refine their question or may leave the question as originally written.**
options with the class)
Hypothesis All frive glaciers will have visible and measureable evidence of retreat.
YPO' g
(Include observations
and other knowledge | \\e base this hypothesis on the images we have observed so far. We also base this on
ypo g
mmﬁm 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 will you focus on to gather your data?
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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
collecting your data is consistent. Answer the following questions. Then discuss these questions as a team. ltis

important to make sure you and your teammates are consistent with your plan.

IMAGE DATA COLLECTION:
1. Name and descnbe the specific data set you will use as the pnmary source of image data for your research of Earth.

Qur class decided we would use the Google Earth link within the Astronaut Photography of Earth Website
(http:/feol jsc.nasa.goviscripts/SSEOP/GooaleMapsQuery.pl) to locate glaciers that are in South America (Chile and

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

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 1D Number Glacier Name Qualitative Observations
Date Image Was Taken Latitude Longitude
Country 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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OTHER DATA SETS:

1. What other data sets of Earth will you use, if any, to support your research of Earth?

STEP 4: Experiment Design

2. Explain 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

a) Author Name(s) (Last name, first name)
b) Name of Book/Journal/Magazine

c) Publisher

d) Year of publication

e) Pages where information was obtained
f) Summary of information obtained

ELECTRONIC SOURCE (Internet)

a) Author/Organization (if available)
b) Name of website

c) Publication date (if one is listed)
d) Date(s) you accessed the site

e) Website address

f) Summary of information obtained

SCIENTIST/SCIENCE EXPERT

a) Scientist Name (Last name, first name)

b) Affiliation (where scientist works)

c¢) Date of conversation

d) Means of communication (Wiki,
distance learning connection, personal
communication)

e) Summary of information obtained
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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). 


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 Earih.

2. Explain how you will use each of these other data sets to help support your research? We will 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.

We will find the glaciers we are studying in Google Earth.

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 |f the images were taken using different focal 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 close to the nadir angle as possible.

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 nawigate a website to retreve your
datafinformation, feel free to provide those details. Use additional paper, as necessary.

0O 0

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/Joumal/Magazine b) Name of website b) Affiliation (where scientist works)
c) Publisher c) Publication date (if one is listed) ¢) Date of W\V%m .
d) Year of publication d) Date(s) you accessed the site d) Means of communication (Wiki,
e) Pages where information was obtained || e) Website address distance leaming connection, personal
f) Summary of information abtained ) Summary of information obtained communication)
e) Summary of information obtained
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Fill in the information below for each source you will use/have used for your research.

SOURCE #1

STEP 4: Experiment Design

SOURCE TYPE (circle one): Book Journal Magazine Electronic 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:
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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.
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STEP 4: Experiment Design

SOURCE #3

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

BIBLIOGRAPHICAL INFORMATION:

SUMMARY OF INFORMATION OBTAINED:

SOURCE #4

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

BIBLIOGRAPHICAL 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.
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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 Joumal Magazine Electronic Source Science Expert Other

BIBLIOGRAPHICAL 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://eol jsc.nasa.gov/

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

SOURCE #2

SOURCE TYPE (circle one): Book Joumal Magazine Elecironic Source Science Expert Other

BIBLIOGRAPHICAL INFORMATION:
Author/Organization: Google

Name of website: Google Earth

Publication Date: ©2011 Cnes/Spot Images, ©2011
Date Accessed: Apnl 25, 2011 — May 6, 2011

Website Address: hitp:/fwww.google.com/earthfindex_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 one): Book Joumal Magazine Electronic Source Science Expert Other

BIBLIOGRAPHICAL INFORMATION:

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/shared/spl/hi/picture_gallery/05/sci_nat_how_the world_is_changing/html/1.stm

SUMMARY OF INFORMATION OBTAINED:

This website provided us with information, data, and pictures taken of the Upsala Glacier. The data included
measurements taken from vanous expeditions to the glacier. It stated that Argentina’s Upsala Glacier was once the
biggest in South Amenca, but it is now disappearnng at a rate of 200 meters per year.

SOURCE #4

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

BIBLIOGRAPHICAL INFORMATION:

Scientist Name: Runco, Susan

Affiliation: NASA Johnson Space Center

Date of conversation: February 14, 2011

Means of communication: personal communication

SUMMARY OF INFORMATION OBTAINED:
We discussed how astronaut photographs are confinuing to be acquired fo aid in the study of South American
glaciers. Dr. Runco talked about how it has been noted that these glaciers appear to be changing over time.

As necessary, include additional sources of information or additional details retneved from each source on a separate
piece of paper. Note: See Additional 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 INFORMATION:

Author/Organization: PATAGONIA-ARGENTINA.COM

Name of website: PATAGONIA-ARGENTINA.COM

Publication Date: © 1999 - 2011 Patagonia-Argentina.com

Date Accessed: February 16, 2011

Website Address: http-/fwww.patagonia-argentina com/i/andina/glaciares/glaciarupsala php

SUMMARY OF INFORMATION OBTAINED:

This website provided us with information, data, and pictures taken of the Upsala Glacier. The data included
measurements taken from vanous expeditions. This site also stated that Argentina’s Upsala Glacier was once the
biggest in South Amernica, but it is now disappearing at a rate of 200 meters per year.

SOURCE# 6
SOURCE TYPE (circle one): Book Joumal Magazine Elecironic Source Science Expert Other

BIBLIOGRAPHICAL INFORMATION:

Author/Organization: Exireme Ice Survey

Name of website: Exireme Ice Survey

Publication Date: © 2011 Exireme Ice Survey

Date Accessed: January 10, 2011 — February 11, 2011 at least twice a week
Website Address: hitp-/f'www extremeicesurvey.orgfindex.php

SUMMARY OF INFORMATION OBTAINED:
This website gave us background information about glaciers as well as detailed information about glaciers and climate
change.
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STEP 4: Experiment Design

Additional Source Page 2

SOURCE # 7

SOURCE TYPE (circle one): Book Joumal Magazine Elecironic Source Science Expert Other

BIBLIOGRAPHICAL 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: hitp://www allaboutar com/ard_cala_pento_moreno him

SUMMARY OF INFORMATION OBTAINED:

This website provided us with information, data, and pictures taken of the Pento Moreno Glacier. The data included
measurements taken from vanous expeditions. The site stated that the Pento Moreno Glacier is unique in a vanety of
facets, including its size, scientific significance, and accessibility. This site stated that the glacier is advancing.

SOURCE #

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

BIBLIOGRAPHICAL INFORMATION:

SUMMARY OF INFORMATION OBTAINED:
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STEP 4: Experiment Design @

Team Workspace Suggestions
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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.

(/)L\pe rh"n

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.
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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).
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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 |

Once you have your experiment design in place, you will continue to collect and compile your data. You
should have an overall goal for the number of images you want to observe. This number should be based
on what your team bhelieves 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 compile 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 (i.e., 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 facilitator can submit the Data Request Form.

« The Data Request Form includes a section to be filled out by the teacher and information that should be filled
out by student team members.

e [fyour 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, finishing
your team research should not depend on a new image of Earth.

Submitting a DATA REQUEST FORM is OPTIONAL. Only one form 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



Data Request Form
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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. 



dga @

S 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).

\{l

ompy,
G eo

-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.  




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. OnaMap

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.
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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.    




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
your research question and initial hypothesis. State these below.

Research Question:

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 research 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 |

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
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 table
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.

Data Sorting Ideas Describe 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 further 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 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 table
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.

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 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.

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 ID#, Image 2 Date, Image 2 ID#, | specific glaciers on two 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 if the glaciers are retreating, advancing, not

changing, or if we are not sure.

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 scienfist 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 region that would indicate that there were 100 square kilometers
of plankton bloom. For example, 10 stars times 10 square 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.
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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. Suppose 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 influences another type of data collected for the same feature or

process.

Let's think again about an example related to glaciers.

Suppose you are trying to determine if

temperature impacts or influences 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 quartile 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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Presenter
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: hitp://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 (circle one)
Pie Graph Bar Graph Pictograph Line Plot Line Graph
Type of graph (circle one) )
Scatter Plot Box and Whisker Plot Other
Describe what you will
graph.
How will this graph be
relevant for your research?
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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: 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 (circle one)
Pie Graph Bar Graph Pictograph Line Plot Line Graph
e of graph (circle one
Type of graph ( ) | 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 the
right of the Y-axis to indicate growth. The bars would extend parallel to the 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 o make them. If a
graph is made, it must provide support to help answer the question being asked!™"
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.


STEP 6: Display Data

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
Describe what you will
graph.
How will this graph 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
Describe what you will
graph.
How will this graph be
relevant for your research?
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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

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 World Impact Structures Sorted according to Location

L] . L]
-120 -80 -60 Image Credit: Earth Impact Database:
image Credit: Earth Impact Database: http://www.unb.ca/passc/ImpactDatabase/ClLocSort.html
http://www.unb.ca/passc/ImpactDatabase/NAmerica.html

Two examples of data plotted on a map. Map on the left illustrates 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.

Expedition Earth and Beyond: Astromaterials Research and Exploration Science (ARES) Education — Version 3.0 38
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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 this 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 this plotted data be
helpful and relevant for your
research?
Expedition Earth and Beyond: Astromaienals Research and Exploration Science (ARES) Education — Version 3.0 30
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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 will be most useful.

POTENTIAL MAP TO DISPLAY DATA

Describe what information
you will plot on a map.

We would plot the location of each of the glaciers including latitude and longitude.

Type of map (circle one)

Global Map Regional Map Other

How will this plotted data be
helpful and relevant for your
research?

The plotted data will show geographical context for each of the South American glaciers
we investigated.

POTENTIAL MAP TO DISPLAY DATA

Describe what information
you will plot on a map.

We would outline the Patagonia Region where the glaciers we are studying are located.

Type of map (circle one)

Global Map Regional Map Other _ Continental Map

How will this plotted data be
helpful and relevant for your
research?

The outlined region will show the glaciers’ geographical context within South America.

Expedition Earth and Beyond: Astromaterials Research and Exploration Science (ARES) Education — Version 3.0
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SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.



STEP 6: Display Data

4) IMAGE ILLUSTRATIONS
Image illustrations can be very important as part of your research. These illustrations will not only indicate to others that
you can correctly identify features, but it will help others better understand charactenistics of images you may describe.
You may decide to show image illustrations for one of the following uses:
» Feature Focus: Label, annotate, or write 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 similanties or differences
of features.
o Images of the same location taken on different dates
o Feature(s) in different locations so you can highlight certain visible characteristics
# |Interrelated Features: Label annotate, or write captions for images to show intemelated 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 directly relate to your research.
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The information above was obtamed at hitpfleol jsc.nasa gow' and from Dr. Kamlesh Image courtesy of the Image Science & Analysis Laboratory,
Lulla, NASA JSC. NASA JSC: 1SS016-E-0880

Examples of image illustrations: The sef of images on the left is comparing the same location on two different dates. This
would be considered an “Image Comparison.” If you showed just one of these images fo focus on the feature without
making a comparison, that would be considered a “Feature Focus.” The illustration on the right is an annotated (labeled)
image showing “Interrelated Features” (sand dunes, mountains, wind direction).
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MASA Johmson Space Cemer



Presenter
Presentation Notes
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.



splay

\i

& STEPG6: Display Data &

IMAGE ILLUSTRATION: Feature Focus EXAMPLE

Lava flows can _
look similar to a
channel.

Darker areas are _.
likely newer lava
flows.

Lava flows with
“fingery”
appearance and™ |
uneven edges.

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


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

Viedma - Apr 2002

Viedma - Feb 2010

This image comparison is showing a comparison of two images of the same glacier
taken on different dates. Ared 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 4

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 @ 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 ways to use image illustrations 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, will be most useful.

POTENTIAL IMAGE ILLUSTRATIONS
Describe Your Plan and Use of Images for a Feature Focus.
FEATURE FOCUS
Describe Your Plan and Use of Images for Image Comparisons.
IMAGE
COMPARISONS
Describe your Plan and Use of Images to lllustrate Interrelated Features.
INTERRELATED
FEATURES
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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 illustrations 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, will be most useful.

POTENTIAL IMAGE ILLUSTRATIONS

Describe Your Plan and Use of Images for a Feature 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 glaciers with reference line to show changes in the location of the
terminus.
3. Image pairs of the five glaciers with measurements made with Google Earth to show the
approximate amount of retreat.
Describe your Plan and Use of Images to lllustrate Interrelated Features.
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,

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 illustration
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 trends or
pattemns. You will think about what those observations mean with respect to your research question as you analyze and

interpret your data (Step 7).
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Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.


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,
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 illustration
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 frends or
pattemns. You will think about what those observations mean with respect to your research question as you analyze and
interpret your data (Step 7).
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Presentation Notes
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 OBSERVATIONS: Use the tables below to record your observations of each data display. Discuss as a team.
Note: Make additional copies of the Observation Table as needed.

OBSERVATION TABLE

Title of Data Display

Type of Data Display "
(circle one) Data Table Graph Map Image lllustration

Summarize what the
data display is
illustrating.

List 1-3 general observations or trends of what the data display is showing.

Observation #1:

Observation #2:

Observation #3:
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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 ID Glager Date Image | Latitude |longitude| Country | Lens Size Qualitative Observations
Number Name Was Taken (N) (E} (mm)
(YYYYMMDD)
ISS022-E-073075 | Upsala | 20100225 | 499 | -73.3 [Argentina| BOOmm [Mersineiszpouent, gacers feedinto saciers, lots of cabing, same
sides more than others.
ISS015-E-31043 | Upsala 20070928 -499 -73 Argentina | 400 mm |Som=ceiving, morse evslent, diagonsl termin

ISSO10-E-5807 | Upsala | 20041104 -50 -73 | Argentina | 180 mm [Somecahing, morsine eviden, several pciers joined into one.

IS5022-E-78363 | Viedma | 20100226 495 -73 | Argentina | 800 mm [Derkiaterai streaks aiong the top of the giacir, terminus sppears
fa oy n.-m;";t acress, cioud  shadows appear over gaaer, and ice
sppesrs separsbed by water from south fork gisder terminus —
possitly cabved off giacier.

ISS004-E-9717 | Viedma | 20020408 | -49.5 -73  |Argentina | 800 mm |Durksterai stresks storg the top of the Glacier, temminus appeacs
comvex with outwand Dulge near the center Dut concave near the
siges, parhas indostiong calving, snd possibie calving stong side
fork terminus

ISS001-E-5108 | Viedma | 200012_ 495 -73 | Argentina | 400 mm |Perktersi streaks sioeg the top of the glacier, terminus sppesrs
convex with cutward Dulze nenr the center, and doud shadows
sppesr over glacier

ISSD08-E-13260 | Perito | 20040127 -50.5 -73 | Argentina | 80O mm [intnisimage the giacier is cruzhed ngainst the side of the “izianc
com@iately. The bwo branches of Pento end ot jakes. The iskes have

Moreno very different colors. Wiy are the Coiors so ciffenent?

ISSO06-E-40731 Perito 200320326 50.5 -73 Argentina 8200 mm [Pemte i:_m::i_r:r_.'cn"np ct:rr separated from the *isisnd” ot the side

ry{D‘rEnD of the Y. Evidence :Il'GE"f"ﬁ; can be seen.

ISSO01-E-6370 | Perito 2001 -50.5 -73 | Argentina | 800 mm [Many crevasses can ne seen st the termines. There so are
numearcus shapes that ook &2 nooles or gumes on the =it side of

Moreno the gpiacier. Grest biue color can be seen.

ISS015-E-19983 | Perito | 20070728 -50.5 -73 | Argentina | 800 mm |Obvious evidence of calving s the terminus. There is actuslly 8 ing

of maternal at the adze |5 this one festure or & series of iceberzs
Moreno fnked together?

ISS018-E-40451 | perito 20090314 -50.5 73 | Argentina | 80O mm |[Srest detsils n the siand.” Ao you can see the ring of matera

horeno BEBIN in grestar detsil.
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Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.

Master Data table (2 pages) – sorted by glacier name.



STEP 6: Display Data

Master Data Table (2 pages)

Master Data Table - Glaciers in South America (continued)

Image ID Glader Date Image | Latitude |Longitude| Country | Lens Size Qualitative Observations
Number Name Was Taken (N) (E) (mm)

I55014-E-14359 | Chico 20070217 -49 -73 [ Argentina | 180 mm [Srest overail view of the area. The general shape of the morines
can be seen in Owuco. You can also see the termurues of the gisoer
=nd the muddy iake ending in 8 huge cbstruction st the =nd of the
valiey,

ISS007-E-5752 Chico 20030519 -49 -73 Argentina | 400 mm |Detmiled image of the surface of Chico showing the Lnuzusi pointes
shapes of the moraine. ¥ou c=n actually see the flow pattern of the
gracer.

ISSOD4-E-9238 Chico- 2002— -49 -73 Arcentina 35 mm [™= tErminus of the glacer ends in something that looks liks 3 spear

= point. it modeis the ssme shape of the morsines saen in the glacer,
Great overall view of the area

ISSOD4-E-7175 Chico- 20020206 -49 -73 Chile 800 mm Hizhly detailed view of the morsine. Unfortunatsly it dossn't show
the end of the giacier, but it is stil & vakadle image.

ISSO0B-E-1B8428 Chico- 20040312 -49 -73 Chile 370 mm Good wew af the blockage seen at the end of the lake. After this
barrier the color of the water changes from gray to Dius

ISS014-E-14369 | Chico- | 20070217 -49 -73 Chile | 1B0mum |Awothergrest overst view of the ares. The difference incolor
between the Chico terminus lske and the rest of the water is striking
The grey color must be from matenial Deing depeosited by Chico.

I15S016-E-12167 Chico- 20071123 -49 -73 Chile 180 mymn |Grest overall view of the area. The general shape of the mansines
tan be seen in Ghico. You can akso see the terminus of the giaoer

ISS018-E-19606 Chico- Unknown -49 -73 Chile BO0 mm |Fartestic view in the terminal morsine of Chico. The shape of the
spesr head feature |s grest

ISS018-E-39935 | Grey 20090312 -49 -73 Chile | 180 mm [Poerimeage Omy shows the geners! three-pronged shape of the
terminas, and the blue color of the ice.

ISSD014-E-10766 Grey 70061225 -51 -73 Chile 1B0 mm |Grest overall view of the area shows the grey color of Grey's runoft,
while the siacier to the right has & blus color to the runoff.

ISS0010-E-12288 [  Grey 20050103 -51 73 Chile | 300 rry |y it ctuns ot st s o sier sisgiog S
=rey to very de=p blue.

ISS0010-E-5811 GFE‘f’ 20041104 -51 -73 Chile 180 mm Differ=nce in the colors of the Dodies of water is striking.

ISS004-E9281 | Grey 20020401 -51 73 Chile | 180 mm |Overiview ofihe ares shawing ai of the gacers
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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 the tables below to record your observations of each data display. Discuss as a team.
Nore: Make additional copies of the Observarion Table as needed.

OBSERVATION TABLE

Title of Data Display | Master Data Table — Glaciers in South America

Type of Data Display :
(circle one) Data Table Graph Map Image lllustration

This table is showing the following pieces of information: image |D number, name of glacier,

Summarize what the date image was taken, |atitude and longitude, country, lens size, and qualitative observations.

data display is
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 within a degree of each other both in latitude and longitude.

Observation #3:

Images were taken with a variety of lens sizes ranging from 180 mm fo 800 mm.

Expedition Earth and Beyond: Astromaterials Ressarch and Exploration Sciznce (ARES) Egucation — Version 3.0 42
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Observations of the Master Data table.




STEP 6: Display Data

Glacier Data Table (subset of data)

Glacier Data Table

Vicibie Changec Iﬂl
First Image Firct image | 3soond Image | Sscond Image ID | | Approximats Amount Addtional ObGaryations or
Giaoker Name Latftude (N} | Longtheds (E) Dat o# Dat 2 ‘F?um_mr_u_nn ot o muless : |
Change, Mol Eum|
Upesaa -£8% =733 2004 November |IESOMI-E-S207  |2010 February  |IBSO22-E-OT307E |Retreat |=00 nwzn‘m1u| cavng was cbserved n
The tarinus appearsd quite convwex
ViegTa -45 % =73 2002 Aprtl IESDDL-E-ATIT |2010 Sebnuary |[ISSO0XX-E-TE3E3 |Retreat 300-500 n the 2002 mage but nearty siraight
across In the 2010 mage.
. The terminus of the giacier appears
Ferts Moranc =0z 73 2001 |isspotesz7m |200smerch |I5SD93-Eose m""’me:;””’"" [ricn= Urcharged durng the Sme mteraal
of bebwesn astronant mages.
The eminus in the 2007 image
hico ~3 =73 2003 May IESD07-E-5752 2007 ==bruary  |IESO14-E-143ES |Retreat 300-500 Epews o3 definsd and pErnaes
showing svidence of caiving.
The left branch of the ferminus
aopears 1o have raceded, whis e
LT - - E
Grey =1 3 2004 Novenber [IESDM1O-E-5211  |2010 F=bruary |IESO0X2-E-€5553 |Retrest 300-500 dor of the 3 nus
unchanged.

**South latitudes
Latitude(N). See
**Nest longiltudes
Longitude (E). See

should be written as negative numbers if the column heading 1s written as

Data Table Tip #4 from the Student Scientist Guidebook pgll.

should be written as negative numbers if the coclumn heading is written as

Data Table 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

Lt Glacier Data Table
Type of Data Display g
(circle one) Data Table Graph Map Image lllustration
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 first and final images, identification numbers of the first and final images,
illustrating. visible changes in the glacier, amount of the change, comments.

List 1-3 general observations or trends of what the data display is showing.

Observation #1:

Except for Perito Moreno Glacier, all of the glaciers refreated 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 of each other both in latitude and longitude.

Observation #3:

Some, but not all of the glaciers, show evidence of calving.

Expedition Earth and Beyond: Astromaterials Research and Exploration Sclence (ARES) Egucation — Version 3.0 43
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Observations of Glacier Data table.
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Graph:  Terminus Changes of Five South American Glaciers.


STEP 6: Display Data

Observations: Terminus Changes of Five South American Glaciers

OBSERVATION TABLE
Title of Data Display | Teminus Changes of Five South Amencan Glaciers

Type of Data Display

(circle one) Data Table Graph Map Image lllustration

S ) hat th This data display is comparing changes in the terminus (retreat or growth) of five South
ummarize whatthe | »\orican glaciers. Changes to these glaciers were measured using landmarks in the images

data display is _ :
illustrating. and the Google Earth measurement tool.
List 1-3 general observations or trends of what the data display is showing.
Observation #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 certain 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.

MNote: See Extra Observation Tables.
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Observations of Terminus Changes of Five South American Glaciers graph.
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STEP 2: Initial Observations

A. FINDING ASTRONAUT PHOTOS

[ STEP 2: Initial Observations |

Now that you have a preliminary gquestion, you nsed 1o start making and logging observaticns of astronaut
photograghs. Astronaut photos should be vour initial source of data. These observations (which are part of

data gathering). will help you formulate a nypothesis as you look for patterns or frends. \Vhile making
obsarvations, you may decide to refine your question. This is a natural part of the process of sciencs.

As you canduet your investigation. it is impartant te focus on your question. \Write your question in the space below.
Research Question:

As you wark to complete Step 2 of the process of science, you will do the following: A) Liat sourees where can you find
astronaut photos, B) Consider what data and observations you will log, C) Creale an initial data table, D) Log your initial
otservations, £) Formulate 2 hypothesis, and F) Discuss and debate the team research question.

A. FINDING ASTRONAUT PHOTOGRAFHS
Below iz a list of two sources where you can find astronaut photos. Az you find additicnal scurces, add thase to your list.
Source #1.

= ‘Website name:. Expadition Earth and Beyond Quick List of Images

F \Website link: http:!/ares jsc naza. gov/ares/ssab/atmosphera . cfm

Source #2!

= \Vebsite name: Galeway to Astronaut Phctography of Earth

= \Website link: hitp.//eol.jsc.nasa.gov

Expcdition Eartnh and Beyond: Astromatorals Fescarch and Exploration Science (AR=S) Educaton  Verson 3.0 %
WASA Johnsor 3pace Cenler



Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.

Continental Map.



STEP 6: Display Data

Observations of Continental Map

OBSERVATION TABLE

Continental Map of Glaciers We Investigated

Title of Data Display
Type of Data Display _ .
(circle one) Data Table Graph Map Image [llustration
Summarize what the Lr;i;t g;jap shows the area of South America where the five glaciers that we researched are
data display is '
illustrating.

List 1-3 general observations or trends of what the data display is showing.

Observation #1:

The glaciers are all located in the narrow southem portion of the South American continent.

Observation #2:

There appears to be a nearly continuous line of glaciers in the boxed in area on the map.

Observation #3:

The glaciers are located near the border between Chile and Argentina.

Expadition Earth and Beyond: Asromalenals Research and Expioration Science [ARES) Education — Version 3.0
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 Observations of Continental map.



STEP 6: Display Data

Map: Regional Map

Regional Map of Glaciers We Investigated
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astronaut photographs for our research.
Image source: Google maps
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Regional Map.



STEP 6: Display Data

Observations of Regional Map

OBSERVATION TABLE

Regional Map of Glaciers We Investigated
Title of Data Display | P v g

Type of Data Display

(circle one) Data Table Graph Map Image lllustration

This map uses labeled markers from Google Earth to show the exact locations and geographic

Summarize whatthe | - jinates of the five glaciers that we researched.

data display is
illustrating.

List 1-3 general observations or trends of what the data display is showing.

Observation #1:

All five glaciers are located 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.

Expedition Earth and Beyond: Astromaterials Research and Expioration Sclence (ARES) Education — \Version 3.0
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Observations of Regional Map.



STEP 6: Display Data

Image lllustration: Collage Upsala Glacier
Upsala Glacier, Argentina
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Image Illustration:  Collage of Upsala Glacier images.



STEP 6: Display Data

Observations of Image lllustration: Collage Upsala Glacier
Extra Observation Tables

OBSERVATION TABLE

Title of Data Display | Upsala Glacier, Argentina

Type of Data Display

(circle one) Data Table Graph Map Image lllustration

This data display is showing multiple images of Upsala Glacier in the same orientation over a

Summarize what the period of time showing potential changes to the teminus.

data display is
illustrating.

List 1-3 general observations or trends of what the data display is showing.
MNorte: Yoo may wish to include your thought process as 1o how you made your observation.

Observation #1:
VWe observed calving of the three images. The 2004 and the 2007 images have some calving. The 2010 image has
substantially more calving evident than the previous two.

Observation #2:
There is a significant change in the location and shape of the terminus from 2004 to 2010.

We used a landmark to the East of the glacier fo line up the terminus of the glacier. The landmark iooks like a lake
formed by part of the glacier fo the north. It looks ke a face with a nose and chin on the right (Easf) with a hanging
goatee. e will ine the ferminus up with this goatee in each picture. [n 2004, the goates and the terminus fined uwp and
formed a horzontal line between the fwo. In the 2007 image, the glacier has receded north of this goatee line. In the 2010
Image the terminus is well north of the goatee line and now is actually above the chin level.

Observation #3:
On both shorelines, the glacier has receded.

in the 2004 image the terminus is fairly straight across with a chunk out of the eastern side. The 2007 image has a
ferminus that s aimost af a diagonal from the lower leff to upper right. The 2010 image has a terminus that is nof straight.
There are fwo parts that elongate into the water body.

Expediiion Earth and Beyond: Asimomatenals Reseamch and Expioration Ssence (ARES) Education —Version 3.0
MAZA Johnson Space Cemier
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Observations of Image Illustration:  Collage of Upsala Glacier images.



STEP 6: Display Data

Image lllustration: Glacial Movement

Glacial Movement

CHICO GLACIER 43,05 T30W VIEDMA GLACIER. 40,55, 73.0W

NOVEMBER 2004 FERRUARY 2010
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Image Illustration:  Glacial Movement



STEP 6: Display Data

Observations of Image lllustration: Glacial Movement

OBSERVATION TABLE

Title of Data Displa
piay Glacial Movement
Type of Data Display _ 7
(circle one) Data Table Graph Map Image lllustration
; This data display includes 5 sets of images. Each set contains two images of the same glacier
Surgantl:rcl“z: v:\;haitsme taken on different dates. A red line is drawn at the same location in each set of images to help
illustraliinz determine any change in the location of the terminus.

List 1-3 general observations or trends of what the data display is showing.

Observation #1:

All of the glaciers show an obvious retreat except for Perito Moreno.

Observation #2:

Chico Glacier appears to be the “dirtiest” of all the glaciers making it the most difficult glacier to interpret.

Observation #3:

Upsala appears to be the glacier showing the clearest indication of retreat.

Expadition Earth and Beyond: Astromaterials Research and Exploration Science [ARES) Education — Version 3.0
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Observations of Image Illustration:  Glacial Movement.



STEP 6: Display Data

Image lllustration: Chico Glacier
Chico Glacier - 2003 to 2007

&,
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Chico - May 2003

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.

Chico - Feb 2007

When comparing astronaut images taken from 2003 to 2007, there

appears to be a recession of the terminus of the Chico Glacier between
300-500 meters.



Presenter
Presentation Notes
SAMPLE STUDENT SCIENTIST GUIDEBOOK ANSWERS.

Image Illustration:  Chico Glacier



STEP 6: Display Data

Observations of Image lllustration: Chico Glacier

OBSERVATION TABLE

Title of Data Display
Chico Glacier — 2003 to 2007
Type of Data Display :
(circle one) Data Table Graph Map Image lllustration
P The image on the right shows how the Google Earth measurement tool was used to determine a
Surgalrgr&?:pl\ﬂ;haitsme 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 trends of what the data display is showing.
Note: You may wish 1o include your thought process as 1o how you made your observation.
Observation #1: There appears to be a recession of the terminus of the Chico Glacier between 300 — 500 meters when
comparing astronaut images taken from 2003 to 2007.

QOur team discussed the conflicting views of what the image was showing and had to look at a high resolution image fo
support our finding that the glacier was in fact retreating. You may have to look at a high resolution image to better
determine the location of the terminus or the feature you are studying.

Observation #2:

The February 2007 image appears to show less ice or melting ice. This made it more challenging to locate the terminus.

Observation #3:

The ice looks dirty, particularly in the February 2007 image.

Expegltion Earin and Beyond: Astromaterials Research and Expioration Science (ARES) Egucation — Version 3.0
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Observations of Image Illustration:  Chico Glacier.



STEP 6: Display Data

Image lllustration: Grey Glacier
Grey Glacier - 2004 to 2010
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The image above shows how the Google
Earth measunng 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.

Grey - Feb 2010

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 lllustration: Grey Glacier

OBSERVATION TABLE

Title of Data Display | Grey Glacier — 2004 to 2010

Type of Data Display . _
(circle one) Data Table Graph Map Image lllustration

2 The image on the right shows how the Google Earth measurement tool was used to determine a
sur;;?: E?: \:\;hait sﬂle known distance based on a nearby landmark. The two images on the left show the glacier with a
illustraI:in; red reference line indicating change over time.

List 1-3 general observations or trends of what the data display is showing.

Note: You may wish 1o include your thought process as 10 how you made your observation.
Observation #1:

The terminus of Grey Glacier looks like a 3-tined fork. Two of the tines wrap around a triangular island, creating a perfect
environment for measurement.

Observation #2:

Using the island as a guide, we could see a retreat between 2004 and 2010.

In 2004 the top of the tine of the fork was af the broad end of the island. In 2010 there was a very visible distance befween
the end of that tine and the broad end of the island.

Observation #3:

Expedition Earth and Beyond: Astromaterials Research and Exploration Science (ARES) Egucation — Version 3.0
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Observations of Image Illustration:  Grey Glacier. 



STEP 6: Display Data

Image lllustration: Perito Moreno Glacier
Perito Moreno Glacier - 2001 to 2009
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Perito Moreno - 2001

The image above shows how the Google Earth
measunng 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.

Perito Moreno - Mar 2009

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 lllustration: Perito Moreno Glacier

OBSERVATION TABLE

Title of Data Display

Perito Moreno — 2001 to 2009

Type of Data Display
(circle one)

Data Table Graph Map Image lllustration

Summarize what the
data display is
illustrating.

The image on the right shows how the Google Earth measurement tool was used to determine a
known distance based on a nearby landmark. The two images on the left show the glacier with a
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 that was located at the junction of two
bodies of water. This created an excellent landmark for making our measurements.

Observation #2:

Between 2001 and 2009 there is no visible change in the glacier's location with relation to that rock outcrop. We can only
assume that the glacier neither retreated nor advanced.

Observation #3:

Expedition Earth and Beyond: Astromaterials Research and Exploration Sclence (ARES) Egucation — Version 3.0
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Observations of Image Illustration:  Perito Moreno Glacier.



STEP 6: Display Data

Image lllustration: Viedma Glacier
Viedma Glacier - 2002 to 2010

h
aXaXs) e
o=y e
Length 50565 Meters

22.09 degrees

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.

Viedma - Feb 2010

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 lllustration: Viedma Glacier
OBSERVATION TABLE

Title of Data Display | . ima Giacier — 2002 to 2010
Type of Data Display _ ¢
(circle one) Data Table Graph Map Image lllustration
" The image on the right shows how the Google Earth measurement tool was used to determine a
S“'g;"t:';?: \:\;ha;:sme known distance based on a nearby landmark. The two images on the left show the glacier with a
ilIustraI:in; red reference line indicating change over time.

List 1-3 general observations or trends 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 landmark for measuring
change.

Observation #3:

The terminus of Viedma Glacier extended far beyond the valley wall in 2002 but was parallel to it in 2010.

Expedition Earth and Beyond: Astromaterials Research and Exploration Science (ARES) Egucation — Version 3.0
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Observations of Image Illustration:  Viedma Glacier.



STEP 6: Display Data

Image lllustration: Upsala Glacier
Upsala Glacier - 2004 to 2010
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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.

Upsala - Feb 2010

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.
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Image Illustration:  Upsala Glacier



STEP 6: Display Data

Observations of Image lllustration: Upsala Glacier
OBSERVATION TABLE
Title of Data Display | Upsala Glacier - 2004 to 2010

Type of Data Display )
(circle one) Data Table Graph Map Image lllustration
Summarize what the The image on the right shows how the Google Earth measurement tool was used to determine a

data display is known distance based on a nearby landmark. The two images on the left show the glacier with a
illustra[t’in; red reference line indicating change over time.

List 1-3 general observations or trends of what the data display is showing.

Observation #1:

The major landmark in the Upsala Glacier images is a large lake located beside the glacier. The irmegular 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 chunks floating near the terminus of the glacier.

Observation #3:

Using an indentation in the lake as a guide, we can see a refreat in the terminus of Upsala Glacier.

Expedition Earth and Beyond: Astromaterials Rasearch and Exploration Sclence (ARES) Education — Version 3.0
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Observations of Image Illustration:  Upsala Glacier.



STEP 6: Display Data &
Team Workspace Suggestions

- Wikispaces

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 research.
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Have your Team Workspace Wiki expert(s) post the above information on the wiki.  


v STEP 7:
Analyze & Interpret Data

p2Yze

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.
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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

| STEP 7: Analyze & Interpret Data |

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 to your question. 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:

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 of each data display.
Think about observations that provide information related specifically to your question. You do not need fo list
every observation or even observations from every 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 supporis the
interpretation of your chservation. 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.
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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 |

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 to your question. 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 glaciers (Viedma, Upsala, Pento Moreno, Chico, and Grey) found in
South America?

Hypothesis:

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

To help you analyze and interpret your data, fill out the information in the tabile provided. Include the following:

« 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 fo list
every observation or even observations from every 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.
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' STEP 7: Analyze & Interpret Data

ANALYSIS AND INTERPRETATION 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 knowledge)
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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.



B ervrer

v S
N n
) STEP 7: Analyze & Interpret Data
ANALYSIS AND INTERPRETATION 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 knowledge)
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Continued from page 46.



\ Y STEP 7: Analyze & Interpret Data

ANALYSIS AND INTERPRETATION 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 knowiedge)

1. Except for the Perito
Moreno Glacier, all of the
glaciers retreated during the
periods measured. In all
cases that retreat was at least
200 meters to as much as
500 meters.

[Giacier Dafa Table: Observation
#1.]

Almost all South American glaciers we studied
seem to be retreating.

Data from our data table, image
illustrations, measurements made, and our
graph all suppeort that most of the five South
American glaciers we studied are
refreating. Information from the Argentina
Travel Guide website also stated that the
Perito Moreno Glacier was advancing. The
BBC and the PATAGONIA-
ARGENTINA COM sites both stated that
the Upsala Glacier was retreating.

2. The Perito Moreno Glacier
does not appear to have any
changes to its terminus.
[Terminus Changes of Five South
American Glaciers: Obsenvafion #2.]

At least one of the five South American glaciers
we studied, specifically Pento Moreno, is not
changing. This leaves open the possibility that
ather glaciers in South America may not be
changing as well.

Data from our data table, image
llustrations, measurements made, and our
graph all support that at least one of the five
South American glaciers we siudied is not
changing.

3. None of the five glaciers we

studied showed growth.
[Terminus Changes of Five South
American Glaciers: Observation £2.]

The cause of no growth could be based on
climate changes in the region over time. This
could be telling us that there is less
precipitation or warming in the region.

Cur background research (Extreme lce
Survey) provided information connecting
climate change with glacial retreat.

4_ All five glaciers are located
near the same line of
longitude and are
approximately 0.5 degrees of
latitude apart from each other.

[Regional Map of Glaciers We
Investigated: Observation #1, 2]

There may be a localized effect causing four of
the five glaciers in our study to show evidence
of refreat. The Perito Moreno Glacier, which
showed no signs of retreat, may have another
variable affecting it.

Qur Continental and Regional Maps of
Glaciers show this localized area of glaciers
we studied as well as the larger regicn with
additional glaciers. Additionally, our data
table and intermet sources provide
supporting evidence for the retreat of four
glaciers in this localized area except for
Perito Moreno.
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STEP 7: Analyze & Interpret Data

ANALYSIS AND

INTERPRETATION 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 knowiedge)

5. The five glaciers are located
along a mountainous region
containing numerous other
glaciers.

[Regional Map of Glaciers We
Investigated- Obzenation #3]

Since 4 out of the 5 glaciers we studied in this area
showed visible signs of retreat, there may be a
decreasing amount of snow fall or warming
temperatures in this mountainousiregional area. If
this is the case, in the future we could see additional
evidence of retreat to the five glaciers we studied
and potentially others in the region.

Our background research from the Extreme
Ice Survey website states that global
surface temperatures have increased over
the last 100 years and are projecied fo
confinue to rise. Warming temperatures
would coniribute to the continual retreat or
melting of glaciers.

6. There ig a significant change
in the location and shape of the
terminus from 2004 to 2010.
[Upsala Glacier, Argeniina:
Observation #2]

There is definite visible evidence of retreat of the
Upsala Glacier observed in astronaut photographs.
This visible evidence of retreat could probably be
detected in other glaciers in the area. The Upsala
Glacier could be retreating more than other glaciers
in the region.

The measurements made using Google
Earth show that the Upsala Glacier had the
largest amount of vigible retreat.
Information read on websiteg also indicated
that the Upsala Glacier was once the
largest glacier in Argentina but has been
showing signs of retreat.
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' STEP 7: Analyze & Interpret Data

Considering potential emors, inaccuracies, or limitations of your data is another important part of this step in the process of
science. Stating these challenges up front helps others know you were aware of these aspects and took them into
consideration 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
all dunes? What if the resolution of the images you viewed made it difficult to measure dune |length with confidence?
Perhaps the data you focused on did not allow you to obtain the information and/or measurements you needed to answer
your guestion. These would be considered potential emors, inaccuracies, or limitations of your data that should be
thought about as you draw your conclusions. An acknowledgement of the limitations you list could help future research
related to your question.

Consideration of Issues, Potential Errors, or Limitations of Your Research

Potential errors or
inaccuracies

Potential
misinterpretations

Limitations of data

Other
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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 ermors, inaccuracies, or limitations of your data is another important part of this step in the process of
science. Stating these challenges up front helps others know you were aware of these aspects and took them into
consideration 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
all dunes? What if the resolution of the images you viewed made it difficult to measure dune length with confidence?
Perhaps the data you focused on did not allow you to obtain the information and/or measurements you needed to answer
your question. These would be considered potential emors, inaccuracies, or limitations of your data that should be
thought about as you draw your conclusions. An acknowledgement of the limitations you list could help future research

related to your question.

Consideration of Issues, Potential Errors, or Limitations of Your Research

Some of the images were also taken with different focal length lenses and from different angles,
Potential errors or | S there could be an error in our measurements due to varying perspeciives.

inaccuracies

“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 landmarks in images.
o Potential ) We may have misinterpreted some landmarks or views of the glacier terminus due to shadows,
misinterpretations | c|q,ds 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 it difficult to find
Limitations of data | iImages taken in the same month of different years. It was also impossible to compare glaciers
over the exact same time span. The time spans varied from 4 to 8 years.

Limited class time was an additional challenge.

Other
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STEP 7: Analyze & Interpret Datde
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
Presentation Notes
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

| STEP 8: Draw Conclusions |

¥ou have done all your research, displayed and analyzed your data, and consideraed any potential errors,
misinterpretations, or limitations. You are now ready to draw conclusions 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 to 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…



Based on your research and analysis of data, was your hypothesis supported or refuted? Summarize pertinent evidence.

3. List at least one new question, or explain what future research could be conducted, sparked by your investigation.

4. Who would you like to acknowledge for helping you complete your investigation? This may inciude your teacher,
mentor, parent, or anyone else that helped you or provided support throughout your investigation.

5. Reflect on your research and think about how you might have been able to improve your investigation. List those
ideas below.
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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.  



STEP 8: Draw

| STEP 8: Draw Conclusions |

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 conclusions 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 changes are occurring fo the five glaciers (Viedma, Upsala, Perito

Moreno, Chico, and Grey) found in South America?

Based on your research and analysis of data, what do you conclude is the answer to your guestion? Summarize your
supporting evidence.

Four out of the five glaciers we investigated were retreating. This was supported by the analysis of guantitative

measurements obtained through Google Earth and the gualitative observations noted in our image illustrations.

Background information obiained from various websites provided us with additional supporting evidence.

2. State your hypothesis: __ All five glaciers will have visible and measureable evidence of refreat.
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STEP 8: Draw

Based on your research and analysis of data, was your hypothesis supported or refuted? Summarize pertinent evidence.

This hypothesis was refuted. However, four out of the five glaciers we studied showed visible and measurable evidence of

retreat. This was supported by the analysis of guantitative measurements obtained through Google Earth.

3. List at least one new question, or explain what future research could be conducted, sparked by your investigation.

For future research we would consider investigating more of the glaciers in this 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 research. We would also like to thank

NASA for the opportunity fo request that an astronaut take a new image of Earth. This will allow us fo further support our

exploration and research of planet Earth.

5. Reflect on your research and think about how you might have been able to improve your investigation. List those
ideas below. |f we were to do this research again, it might be better to look at a greater number of glaciers in this area.
The more glaciers we analyze, the more confident we could be in drawing conclusions about the averall trend in changes

occurming 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 if our findings from measurements we made using Google Earth were reliable or potentially questionable,

helping us to strengthen our overall conclusions. Lasily. it would have been betier fo 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 Conclusmns®
~ 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.

graw

*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.
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TEAM WORKSPACE WIKI SUGGESTIONS:  STEP 8
Have your Team Workspace Wiki expert(s) post the above information on the wiki.  



EF]-IE BEYOND
Now that you have a befter understanding of the system and feature(s) you have studied on Earth, you may decide fo
conduct a planetary body comparison. Earth is a unique planet. The interrelated Earth system science model might not
necassarly apply to other bodies in our Solar System. Your teacher can use activities, such as the Biue Marble Matches
to help you get a sense of how to conduct planetary comparisons. You are not required to conduct such an investigation.
It may, however, provide interesting connections to what you have already studied on Earth.

If you decide to conduct a planetary body comparison, other terrestrial bodies you may consider researching are:

-Mars -Earth’'s Moon -Mercury
Venus -Asteroids -Moons of Jupiter (lo, Ganymede, Callisto, Europa)

These are a few examples of other worlds NASA is currently investigating. There are other planets in our solar system
and other solar systems being explored. Comparative planetology is how researchers use what is known about Earth to
better understand other planetary bodies in our Solar System. Consider conducting a planetary comparison investigation
and take your research out of this world...and beyond!
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Impact craters (top row) and volcanoes (bottom row) on Earth and other planetary bodies in our Snla System.
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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 research with others.
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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.    



One of the final steps of research is sharing it with others. Professional scientists go through a process of
having their written papers formally evaluated by peers (other scientists in the same or related fields). This
is called peer review. Every published scientist must have his/her work peer reviewed. This gives scientists
the chance to acknowledge, question, or leam from each other's results, procedures, or conclusions. [t is
somewhat like a system of checks and halances. Professional scientists also present their results and
conclusions to their peers at conferences. This can be considered a type of peer review, although not as formal. Science
is about new ideas, new discovenes, and building on prior knowledge. If you don't share what you have researched, no
one can huild on or learn from your ideas.

Peer review can take place right in your classroom. By sharing your research with your teacher and other students in
your school, you are participating in a type of peer review. As you assemble your findings, you should anticipate sharing
your research with others using any one (or more) of the options listed below.

SHARING RESEARCH OPTIONS:

1. EEAB Team Workspace 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 showing the 9 steps in the process of science.

2. Scienfific Paper. Scientists who wish to publish their findings do so by writing a cohesive scientific paper or
joumnal aricle. This technical paper includes fitled sections that discuss the details of your research. Sections
generally included are as follows: Abstract, Introduction, Background, Experiment Design, Data, Data
Analysis/Discussion, and Conclusion. This type of technical writing is very valuable for you to experience.

3. PowerPoint Presentation. PowerPoint slides should be organized to show the progression of your research as
written on your Team Workspace Wiki or your scientific paper. Your presentation cannot, and should not, include
all the text you included on your wiki or in your scientific paper. A PowerPoint presentation should include a
summary of the most important parts of each step of your research. The content of the slides should include a
mixture of short bullets of information, images, and data displays that you can expand upen verbally during your
presentation. 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 Expedifion Earth and Beyond Program, you have the opportunity to share your research and results by
participating in a Virtual Team Results Presentation. These presentations will allow you to present your team’s resuits 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 virtiual presentations will 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 he
held virtually. At 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 model. Keep this 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 knowledge that will continue to grow as you and other students participate in
Expedition Earth and Beyond.

EXPEDITION EARTH AND BEYOND - STEPPING INTO YOUR FUTURE

As you finish your Expedition Earth and Beyond 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 guestions and future work to
be investigated. That is the true nature of science.

In the future, whether you decide to become a scientist, engineer, or take any other career path, you will have developed
and refined some very important skills throughout your participation in this project.

IMPORTANT SKILLS GAINED THROUGHOUT YOUR PARTICIPATION:

» Critical thinking skills: Critical thinking 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. Critical thinking also allows you to evaluate the
validity of statements and correctness of results presented by others. 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 others that your opinion is the “right” (or most valid) opinion, is a very good skill to have. Scientific
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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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 (continued):

» Witing skills: Whether you posted on a wiki or put your final findings together in an outiine or a cohesive
scientific paper, one of the key items to keep in mind is the need to be clear and concise. This is important for
any paper you write. Additionally, it is very imporiant to leam 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, leaming to function as a team is essential. There is

always compromise that needs to take place when you work as a team. Leaming to compromise and being open
to different opinions is extremely important. 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 will 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 it is very difficult 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 important aspects fo consider is what you would enjoy doing for
the rest of your life.

Your participation in Expedifion Earth and Beyond 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 joumey of exploration both personally and professionally.
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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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