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MARS STUDENT IMAGING PROJECT (MSIP) 
Suggested 3-Week Archived Schedule 

 
This schedule is designed to provide a set of activities to be implemented in your classroom as a three-
week MSIP archived format.  Each meeting is designed to fit a classroom period of about 45 minutes.  
This format/schedule can also be used as a ‘primer’ for your students to put together a formal MSIP 
proposal and project for use of the THEMIS camera.  You can implement this format with students in 
small groups of four to eight students or with an entire class. 
 
Here is an overview of each meeting/session: 
 
Week 1:  Meeting 1 - 5 

 
MEETING 1:  Earth / Mars Comparisons and an Introduction to MSIP and THEMIS Images  
 
MEETINGS 2 and 3:  Mars Uncovered  
 
MEETING 4:  Mars Image Analysis Activity 
 
MEETING 5:  Mars Image Analysis Activity (continued) and Question Mars Activity 

 
Week 2:  Meetings 6 - 10 
 
 MEETING 6:  Question Mars Activity (continued) 

 
MEETING 7:  Question Mars - Question Selection, Experiment Design & Refining Your Experiment 
 
MEETING 8:  Refining Your Experiment and Data Collection Methods  
 
MEETING 9:  Data Analysis Practice  
 
MEETING 10:  Data Analysis Practice (continued) and MSIP Proposal Overview  

 
Week 3:  Meetings 11 - 15 

 
MEETING 11:  MSIP Proposal Discussion and Data Gathering 
 
MEETING 12:  Data Compilation 
 
MEETING 13:  Graphing and Data Analysis 
 
MEETING 14:  Drawing Conclusions 
 
MEETING 15:  Writing up your Final Conclusions  
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GETTING STARTED:  RESOURCES and ORGANIZING YOUR RESEARCH GROUPS 
 
As you get started implementing the Mars Student Imaging Project (MSIP) in your classroom, know that 
the suggested activities and strategies discussed in this guide are provided to assist you with a possible 
structure for having your students conduct their authentic research as part of the project.  The 
recommendations included in this guide can be altered to fit the needs of your students and your 
classroom.  Through MSIP, your students have the opportunity to contribute to what is known about 
Mars!  Allow them to take charge of their research.  This inquiry-based, student-driven learning 
experience will allow your students to experience the process as scientists experience it.   By letting the 
students take charge, they will become more independent and responsible learners. 
 
Resources 
Resources that correspond to each meeting are available at:    

 http://marsed.asu.edu/upload/MSIP_Archived  
 

This includes a folder for each meeting that contains the lesson plan, teacher guide, student guide and/or 
resources for the activity.  Also available at this link is the MSIP Archived Student Manual.  This manual is a 
compilation of all the materials and activities discussed in this outline/format.  If possible, it is 
recommended that each student have their own manual. 
 
Organizing your Research Groups 
As you get started you will need to decide how you will have your students conduct their research within 
your class. You may consider one of these team options: 
 

a. Small Research Teams:  Students can conduct their own research in small groups of ~4-8 
students.  This would entail having multiple small groups of students working on their 
individual team research concurrently.  This may allow for more responsibility to be put on 
individual students.  It would also increase the chances that students will study something 
that really interests them about Mars.  It does not, however, allow for powerful whole class 
discussions to take place.  The teacher will most likely have less time to provide input into the 
team’s research.   

 

b. Entire Class as one Research Team (Recommended):  You can have the entire class conduct 
their research as one research team.  Having an entire class as one research team allows for 
students to engage in either teacher-led or student-led class discussions and debates about the 
research they are conducting.  This would help the teacher to redirect potential problems 
before they occur and also play more of a mentoring role in the research the class is 
conducting.  It is recommended that the students direct their own research but suggestions 
and recommendations from the teacher may help keep students on a suitable path.  Some 
students will not be happy with the topic the class decides to study as a whole, but they need 
to realize that in the real science world, not all scientists get “their way” either.  By 
participating in the discussions, debates, and data collection, all students will be contributing 
to the team’s research and contributions to what is known about Mars.  Each student will be 
responsible for their work and will have plenty to do.  Having the class work as one research 
team will also allow for many more data points to be collected.  This will allow for better 
conclusions to be made.   
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MEETING 1:  EARTH / MARS COMPARISONS AND AN INTRODUCTION TO MSIP AND                 
THEMIS IMAGES   

Minimum materials required: 
 Internet connected computer with speakers:  1 per class   
 Earth/Mars Comparison Outline sheets:  1 per student 
 For Homework Reading:  MSIP Resource Manual Chapter 3 (pp 13 - 18):  1 per student 

 
This introductory session is designed to introduce your students to the Mars Student Imaging Project 
(MSIP), Earth / Mars comparisons and Thermal Emission Imaging System (THEMIS) images. Having 
your students become familiar with similarities and differences between geologic features found on both 
Earth and Mars will allow them to begin thinking about what may be interesting for them to research.  
Introducing them to THEMIS images right from the start will allow them to get familiar with the 
primary data set they will use for their research. 
 
1.  Show the MSIP Intro Video:  A video link to this presentation is available at: 
 

 http://breeze2.is.asu.edu/p93588777/ 
 
2. Have students follow along and take notes using the Earth/Mars Comparison outline.  This outline is 

available at:  

 http://marsed.asu.edu/upload/MSIP_Archived  (Look for Meeting 1 folder) 

 
 
 
HOMEWORK RECOMMENDATION:   
1.  Read Chapter 3 (pp. 13-18) from the MSIP Resource Manual.   
 
Students can read other parts of the MSIP Resource Manual, but Chapter 3 is highly recommended. 
(The compiled MSIP Student Manual includes only chapter 3.)  This chapter will continue to 
increase student’s background knowledge about comparisons between geologic features found on 
both Earth and Mars.  This will allow them to potentially narrow down their interests towards a 
particular topic.  The MSIP Resource Manual is available at either of the following links:  
 

 http://msip.asu.edu/pages/pdfs/MSIPResourceManualv200.pdf OR 
 http://marsed.asu.edu/upload/MSIP_Archived  (Look for Meeting 1 folder) 
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MEETINGS 2 AND 3:  MARS UNCOVERED:  Revealing the Geologic History Through Mapping  
 
Minimum materials required: 

 Mars Uncovered Student Guide:   1 per student recommended 
 Mars Uncovered Mapping Materials:  At least 1 set per pair of students 

o THEMIS Image Mosaic (Chryse Planitia recommended) 
o Transparency Sheet 
o Set of red, green, blue and black erasable markers 
o Two paper clips (to secure map and transparency sheet) 
o Magnifying glass (optional) 

 
The Mars Uncovered activity guides students through an inquiry-based and critical thinking approach to 
studying the surface of Mars as planetary scientists do.  Students will learn to create a geologic map of 
Mars and use relative age dating techniques to analyze the information and interpret the geologic history 
of that region.   
 
You will find the Mars Uncovered Teacher Guide, Student Guide and three possible images to map at either of 
the following links:   
 

 http://marsed.asu.edu/upload/MarsUncovered OR 
 http://marsed.asu.edu/upload/MSIP_Archived  (Look for Meeting 2 and 3 folder) 

 
Students can simply follow the guide with the teacher leading necessary discussions as recommended in 
the Mars Uncovered Teacher Guide.  If students are going to map one image, the Chryse Planitia image is 
recommended.   
 
 
HOMEWORK RECOMMENDATION:   
There are two classroom meetings designated for the Mars Uncovered activity.  Students should be 
able to complete the activity in class.  Whatever students do not finish in class after Meeting 3, they 
should finish for homework. 
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MEETING 4:  MARS IMAGE ANALYSIS ACTVITY  
 

Minimum materials required: 
 Mars Image Analysis Activity materials:  1 set per team of ~4 students 

o One THEMIS visible image 
o The accompanying context image  
o An 11” X 17” MOLA elevation map of Mars 
o Erasable markers 
o Ruler 
o Calculator 

 Set of Feature Identification Charts:  1 per student recommended 
 Mars Image Analysis Student Worksheets:  1 per student recommended (optional) 
 Mars Image Analysis video clip (optional) 
 For Homework Reading:  Question Mars Activity  page 1 (Objective and Student Introduction background 

information sheet):  1 per student 
 

The Mars Image Analysis activity allows students to use a hands-on approach to get familiar with geologic 
features that can be seen in THEMIS visible images.  The lesson asks students to identify geologic 
features seen in images, make measurements and label information regarding relative ages of geologic 
features within the image.  (Lendable materials are available for this activity.)  This activity is available at 
the following link: 

  
 http://marsed.asu.edu/upload/MSIP_Archived (Look for Meeting 4 folder).   

Folder includes Mars Image Analysis Student Worksheets, Mars Image Analysis Lesson Plan (though the 
formal lesson plan is not followed exactly, the lesson plan can be used to supplement teacher 
information), Feature Identification Charts and Mars Image Analysis video clip of how to incorporate this 
lesson into your classroom) 

 

The recommended format to facilitate this activity is as follows: 
 

Prior to providing the materials to the student groups, first display each of the Mars Image Analysis activity 
materials in the front of the room and briefly explain each item: 
 
1. Mars Orbiter Laser Altimeter (MOLA) Elevation Map of Mars:  The colors on this map indicate 

different elevations on Mars.  Review that blue and purple represent low elevations and brown, red 
and white represent high elevations.  This map is showing the topography of Mars.  Students will use 
the latitude and longitude provided for each image in order to see the approximate location of where 
the image was taken.  This gives students a sense of global context.  This global context will help 
students understand how the surrounding area may have influenced what features are seen in the 
THEMIS image. 

2. Context Image:  This provides latitude and longitude information (as well as some other information) 
about the THEMIS image and shows a more immediate context of where the image was taken on 
Mars.  The small colored rectangle in the middle of the context image indicates the location of where 
the THEMIS image was taken.  This image is a MOLA shaded relief image showing topography.   

3. THEMIS Visible Image:  This image provides a detailed look at the geologic features (the 
morphology) of the area that was imaged.  It is important to know that the sun is illuminating from 
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the left.  This will allow students to determine whether they are looking at a depressed feature 
(shadow seen on the left of a feature) or a raised feature (sun lit side seen on the left).  The image is 18 
kilometers across.  The length of images can vary. 

4. Feature Identification Charts:  These are thematically organized charts (each chart is entitled with a 
theme:  features associated with canyons, craters, volcanoes, water-related, and wind-related 
processes).  These charts will be used to help identify geologic features seen in the images.   

 
Once you have previewed the materials students will use, demonstrate what the student groups will do 
once they have received their materials.  This recommended procedure is as follows: 
 

1. Locate the general area of where the THEMIS image is located on the MOLA elevation map of Mars. 
2. Label and identify geologic features on the THEMIS visible image and the context image.  Students 

should use the Feature Identification Charts for assistance in naming the geologic features. 
3. Think about and label information about the geologic history of the area using the relative age dating 

techniques learned in the Mars Uncovered activity.  
 
Allow students approximately 10-15 minutes to make observations of their image before having them 
make any measurements.  This will allow them to focus on the geologic features.  Once you are ready, 
explain how students can make measurements, which is as follows: 
 

4. To make measurements: 
a. Measure the width of the THEMIS image in centimeters (for example:  25.2 cm).  

Measurements will vary for each image. 
b. The THEMIS image is 18 kilometers across.  To figure out the scale factor of the image, they 

need to do some simple division:  18 km divided by the measured width in centimeters.  In 
this case, you would compute 18 km divided by 25.2 cm, which would give you 0.71 km per 
cm.  This means that every centimeter measured on the image is equivalent to 0.71 km on 
Mars.   The 0.71 km per cm is the scale factor for that particular image (each image may vary).  

c. To determine the measurement in kilometers on Mars of any feature on that image, you would 
need to do some simple multiplication.  Measure any feature in centimeters and multiply 
that measurement by the scale factor of that image.  For example, if a feature measures      
1.5 cm on the image, multiply that measurement by the scale factor.  In this case, it would be 
1.5 cm X 0.71 km per cm.  This measured feature is 1.07 km on Mars.   

 
You may want to play the Mars Image Analysis video clip to explain or demonstrate each part of the activity. 
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5. After students have had a chance to label features and make measurements on their initial image, 
there are three recommended options you can choose from to allow them to get a chance to rotate and 
see other images student groups have been working with.   
 
Option 1:  Rotate and make additional observations.  For this option students simply do the 
following: 

a. Rotate to a new image and look at where the image is located on the MOLA elevation map of 
Mars.  It is always important to have a global context in mind. 

b. Look at the context image and make any additional observations (identify additional geologic 
features).  It is always important to think about how the immediate surrounding area may be 
affecting features seen in the THEMIS image. 

c. Look at the THEMIS visible image and make any additional observations (identify additional 
geologic features or make additional measurements). 

 
For this option, make sure students complete all three steps.  It is easy for students to focus only on 
the THEMIS image.  It is also important that students do not erase other student group observations 
or write down inappropriate remarks if they disagree with another group’s observations.  As they 
learned in the Mars Uncovered activity, not all scientists agree with one another’s observations and 
interpretations.  Also students should keep their observations ‘geologic’.  Sometimes with this 
portion of the activity, images can get covered with student group observations causing creative 
imaginations to take over.  Give your students strict guidelines on what is or is not appropriate.    

 
Option 2:  Fill out the Mars Image Analysis Student Worksheets and Rotate.  For this option you 
would do the following: 

a. Distribute the Mars Image Analysis Student Worksheets.  Review the instructions with students 
and have them fill out the information requested for their initial image.   

b. Have student groups rotate from image to image (~5 minutes per rotation).  They should 
continue to fill out their worksheets as they look at the observations other student groups 
have made of other images.  As students rotate from image to image, they should not add 
additional observations to the images, nor should they cross out any observations they may 
not agree with.  It is normal for scientists to disagree with other scientists work, provided that 
they have good reasons for their disagreements.  If they do not agree with another group’s 
observations, they can include the observations they feel are appropriate on their worksheets.     

 
Option 3:  Rotate and make observations followed by filling out Mars Image Analysis Student 
Worksheets.  (This combines Options 1 and 2.)  For this option you would do the following: 

a. Rotate to a new image and look at where the image is located on the MOLA elevation map of 
Mars.  It is always important to have a global context in mind. 

b. Look at the context image and make any additional observations (identify additional geologic 
features).  It is always important to think about how the immediate surrounding area may be 
affecting features seen in the THEMIS image. 

c. Look at the THEMIS visible image and make any additional observations (identify additional 
geologic features or make additional measurements). 
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This would be done during the time available in Meeting 4.  During the first 25 minutes of 
Meeting 5, do the following:   

 
d. Distribute the Mars Image Analysis Student Worksheets.  Review the instructions with students 

and have them fill out the information requested for their initial image.   
e. Have student groups rotate from image to image (~5 minutes per rotation).  They should 

continue to fill out their worksheets as they look at each image.  There may or may not be 
observations on the images made by student groups.  If you are conducting this activity with 
multiple classes you may have cleaned off the images.  As students rotate from image to image, 
they should not make observations on the images, nor should they cross out any observations 
(if there are any) they may not agree with.  Students should include observations they feel are 
appropriate for each image on their worksheets.   

 
Note:  There may not be enough time for students to make observations of all images during Meeting 4 or 
Meeting 5.  After the activity you can post images around the room for viewing by all the students.   
 
 
HOMEWORK RECOMMENDATION:   
1.  Read page 1 of the Question Mars Students Guide. 
 
Even though students will have probably not completed the Mars Image Analysis activity in this 
meeting and will not officially start the Question Mars activity until the end of Meeting 5, assign 
the background reading (page 1 only) of the Question Mars activity as homework.   You can provide 
the entire Question Mars Student Guide at this time, but only assign page 1 for reading.    
 

You will find the Question Mars Teacher Guide, Student Guide, and Feature Identification Charts (these are the 
same ID Charts that were used with the Mars Image Analysis activity) that go along with this activity at 
either of the following links: 

 

 http://marsed.asu.edu/upload/QuestionMars OR 
 http://marsed.asu.edu/upload/MSIP_Archived  (Look for Meetings 5 and 6 folder)  
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MEETING 5:  MARS IMAGE ANALYSIS ACTIVITY (Cont’d) AND QUESTION MARS ACTIVITY 
 
Minimum materials required: 

 Mars Image Analysis Activity materials:  1 set per team of ~4 students 
o One THEMIS visible image 
o The accompanying context image  
o An 11” X 17” MOLA elevation  map of Mars 
o Erasable markers 
o Ruler 
o Calculator 

 Feature Identification Charts:  1 per student recommended (students should already have this handout) 
 Mars Image Analysis Student Worksheets:  1 per team of students (students should already have this handout if you 

are choosing to use this) 
 Question Mars Student Guide:  1 per student recommended (students should already have this handout) 

 
Mars Image Analysis Activity 
Begin this meeting by providing the first ~25 minutes for students to continue with the Mars Image 
Analysis activity.  Have students continue making observations of images and logging those observations 
on the Mars Image Analysis Student Worksheets if you are using them.   
 
Bring the activity to a close by reiterating two important points: 

• It is important to look at the surrounding area (the context) of where an image was taken in order 
to better understand what geologic features may be in an image; 

• Their research project will need to focus on specific geologic features associated with a general 
topic. 

 
Question Mars Activity 
You will find the Question Mars Teacher Guide, Student Guide, and Feature Identification Charts (these are the 
same ID Charts that were used with the Mars Image Analysis activity) that go along with this activity at 
either of the following links: 

 

 http://marsed.asu.edu/upload/QuestionMars OR 
 http://marsed.asu.edu/upload/MSIP_Archived  (Look for Meetings 5 and 6 folder)  

 
Once closure has been done for the Mars Image Analysis activity, briefly discuss what students read in the 
background information page of the Question Mars activity.  Draw students’ attention to, as a review of 
what they read, the two sets of bulleted information on the page.  The first set of bullets state the 
following:   
 

• Think about what you are curious about related to Mars and create general questions. 
• Evaluate your questions making sure you have appropriate tools to answer those questions. 
• Realize that science is most often conducted in small bits and pieces.   It’s understandable to have 

“big picture” questions, but scientists (and you) need a specific focus/question of study.  This will 
contribute to a greater understanding about Mars through detailed research. 



 

MARS STUDENT IMAGING PROJECT 
ASU MARS EDUCATION PROGRAM 

 

 10

It is important for students to know that starting with general questions is good, but that those general 
questions need to be focused on something very specific (like the geologic features related to general 
topics they were looking at with the Mars Image Analysis activity).  The goal of this activity is to help them 
focus their questions. 
 

The other set of bulleted information focuses on the THEMIS instrument.  The information is as follows: 
 

THEMIS (pictured on the left) is a two-in-one camera system: 
• Visible Imaging System: 

 Shows the morphology or shape of the surface 
 

• Infrared Imaging System: 
 Can tell us the temperature of the surface (daytime and nighttime) 
 Provides information about what materials on the surface are made of 
 Daytime infrared images also show the morphology or shape of the 

surface in much the same way visible images do. 
 
Students should realize that the camera can take both visible and infrared images.  Students should focus 
ONLY on the morphology (specific geologic features or landforms) seen with either of those data sets of 
images.   
 
Once you have discussed the background information (page 1), have the students group themselves in 
one of two ways: 

 For Small Research Teams:  Get into research group of ~4-8 students 
 For Entire Class as a Team:  Get into groups of 4 – 6 students 

   
As a class, discuss the Question Mars Student Worksheet 1, questions 1 and 2.  This should take approximately 
3-5 minutes.  Students should be identifying general topics rather than specific features at this point.   
 
Once you have discussed general topics as a class, students will now need to consider which topic they 
would like to focus their research on.   
 

 Within the small research team groups, have students debate and decide what topic their group 
wants to study.  

 
 If research will be conducted as an entire class, have students debate within their small groups of 

4-6 students what topic they think the class should focus on for five to ten minutes.  After their 
small group discussions, give each group a chance to discuss, defend and debate their interested 
topic with the class.  After the class discussions, have students vote on what topic the class 
should focus on.  It is recommended you have the voting process conducted anonymously to take 
away any chance of peer pressure votes.   

 
Research teams (the small teams or the entire class) must agree upon one topic of study.  They do not yet 
need to focus on what geologic features within that topic they will focus on.   
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Once students reach a decision on what topic the team will focus on, have each student spend 
approximately five minutes individually brainstorming questions they may have about the chosen topic.  
Some students may not finish creating five complete questions within the time frame provided. They 
should write down as many complete questions that come to mind in the five minutes provided.   
 
 
HOMEWORK RECOMMENDATION: 
1. Read pages 3 and 4 (Student Worksheet 2) of the Question Mars Student Guide. 
 
2. Log at least one observation of an image on the Student Worksheet 2, page 5 of the Question 

Mars Student Guide.  (Note:  If students do not have a computer at home, you can ask them to 
either try doing this in the library or media center.  Students should be able to make at least one 
observation for homework.)     
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MEETING 6:  QUESTION MARS ACTIVITY (continued)  
 
Minimum materials required: 

 Question Mars Student Guide:  1 per student recommended (students should already have this handout) 
 Internet connected computer:  1 per pair recommended 

 
Have students get together in either their small research groups or in a group of ~4-6 students to look at 
and discuss their first logged observation on the Question Mars Student Worksheet 2, page 5.  Students should 
make sure that they: 

• Named specific geologic features they observed in THEMIS images.  A common error is that 
students write down the title of the image rather than the name of the specific geologic feature(s) 
they were focusing on. 

• Make sure they wrote down the image ID #.  Proper image ID numbers begin with a V (for visible 
images) or an I (for infrared images).  If students logged something that does not begin with a V or 
an I, they may have written down an image release date number or the title of the image, neither of 
which will be of use when trying to relocate that image.  (Students can still keep those images in 
their log BUT they should choose to only log additional images that have the Image ID # 
accessible.)  Image ID #’s can be found by clicking on the THEMIS Data Releases link.  If the 
page does not show this link on the right hand side of the page, the image (including its image 
identification #) has not yet been released to the public. 

• Sketch:  Students should sketch and label a part of the image they observed focusing on the 
geologic features that interest them.  They do not need to sketch the entire image unless it’s 
applicable. 

• Specific observations:  Students should have bulleted information (or at least short sentences) of 
what they observed.  These qualitative observations are extremely important. 

 
Once students are sure they understand the procedure for observing and logging images, they should 
continue logging observations using Student Worksheets 2 of the Question Mars activity.   Students should 
ideally work in pairs on the computer, although if necessary, each small group can work from one 
computer.  Students should log at least four additional observations of THEMIS images (available at 
http://themis.asu.edu/topic) per pair or per small group related to their topic.  Each student should have 
their own log but discuss with their partner(s) the information they are logging. 
 
Students should now have at least five observations (but hopefully more!) of THEMIS images related to 
their topic of interest.   
 
 
HOMEWORK RECOMMENDATION: 
1. Have students log at least two additional observations of two images for homework.  (Note:  If 

students do not have a computer at home, you can ask them to either try doing this in the 
library or media center.  Students should be able to make at least two additional observations 
for homework.)     

 
2. Complete the Question Mars Student Worksheet 3, pages 7 and 8 for homework.  Students will 

complete page 9 in class during Meeting 7.   
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MEETING 7:  QUESTION MARS – QUESTION SELECTION, EXPERIMENT DESIGN and 
REFINING YOUR EXPERIMENT 
 
Minimum materials required: 

 Question Mars Student Guide:  1 per student recommended (students should already have this handout) 
 Internet connected computer:  1 per pair recommended (students may not end up using the computer during this 

meeting)  
 
Question Selection 
Students should come to class with their additional logged observations but also having completed the 
Question Mars Student Worksheet 3, pages 7 and 8.  This session will focus mostly on question development.  
Students should have identified the one question (out of the three they individually created) as a 
potential research question for the team to focus on.   
 

 For the small research teams, students should discuss and decide which one of their individually 
created potential questions is the most interesting and most answerable using THEMIS images.  
Encourage students not to feel overly “possessive” of their own created question.  Their 
experience in creating their questions and their participation in the team discussions and 
decisions will help them select the best and most interesting question for the team to focus on.   

 

 If the entire class will be one research team, first have students get into group of ~6 students.  
Have students discuss, debate, and decide which one of their individually created potential 
questions is the most interesting and most answerable using THEMIS images.  Encourage 
students not to feel overly “possessive” of their own created question.  Their experience in 
creating their questions and their participation in the team discussions and decisions will help 
them select the best and most interesting question for the team to focus on.  As each group of six 
students comes to a decision, have them merge with another group of six students to discuss, 
debate and adjust a question they can all agree on.  As the student groups are engaged in their 
discussions, the teacher should monitor the discussions to assist them with the process.  
Continue this until you have two or three final potential questions.  Discuss those final questions 
as a class and come to a final decision.  This can be done by giving students a chance to defend 
their favorite final potential question.  Once the debating and defending is complete, you may 
want to have the final decision come down to a vote.  This can be a very challenging process but 
students should know they can still change their question if they wish.   

 
Experiment Design and Hypothesis Development 
The Question Mars Student Worksheet 4 asks the students to focus on ONLY the one question they feel, as a 
team, is best answered by using THEMIS visible images.  This part of the activity helps students start 
thinking about how they would go about answering their question - the experiment design.   
 

 For small research teams they should discuss and answer the questions within their research 
team.  All students should have consistent information for the answers to the questions after the 
discussion. 

 

 If the entire class will be one research team, again have the students get into a group of ~6 
students.  Students should discuss the answer to the questions in their small groups.  This should 
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be followed by either the teacher or a volunteer student(s) leading the class in a discussion about 
each question.  All students should have consistent information for the answers to the questions 
after the discussion.   

 
Question Mars Student Worksheet 4, question 5 is important for students to discuss carefully as it asks them 
to formulate a hypothesis of what the outcome of their experiment will be.  Their hypothesis should be 
supported by their current observations rather than be just an unsupported guess.  Students need to 
discuss their observations together in order to come up with a possible outcome (hypothesis) that is 
based on the current trends they are observing.  Even though they will only have made a few observations 
(at least ~7 observations per person), basing a hypothesis on those observations is essential.  The data 
they collect throughout the project will allow them to either support or refute their hypothesis and help 
them come to a conclusion about their question.  Students can formulate more than one hypothesis, but it 
is important that each hypothesis is based on trends they are seeing in the images they have already 
observed. 
 
Refining Your Experiment 
Once students have answered the questions on the Question Mars Student Worksheet 4, have them begin the 
Question Mars Student Worksheet 5 – Experiment Design – Refining Your Experiment together as a group.  These 
worksheets give them a pre-made starting list of a step-by-step plan (a more flushed out experiment 
design) of how they will go about gathering data for their research.  This will enable them to think about 
their experiment design in a more detailed fashion.   
 

 For small research teams they should discuss and brainstorm their step-by-step plan within their 
research team.  It is important for students to think carefully about the activities they have 
completed up to this point in the process and incorporate information that may be helpful for 
their projects.  For example, it is strongly encouraged to include information about the 
surrounding area (the context) of where a THEMIS image was taken.  This can be very important 
in understanding the features that are in the image.  

 

 If the entire class will be one research team, again have the students get into a group of ~6 
students.  Students should discuss and brainstorm their step-by-step plan within their small 
groups.  This will be followed by either a teacher-led or student-led (one or two student leaders) 
discussion with the class.  It is important for students to think carefully about the activities they 
have completed up to this point in the process and incorporate information that may be helpful 
for their projects.  For example, it is strongly encouraged to include information about the 
surrounding area (the context) of where a THEMIS image was taken.  This can be very important 
in understanding the features that are in the image. 

 
Students will most likely not finish their list during this meeting.  They will be asked to complete their 
list for homework in order to discuss it with their groups the following day. 

 
HOMEWORK RECOMMENDATION: 
1. Continue and complete Question Mars Student Worksheet 5.  (Students should continue and 

complete the list of what observations they would need to log from every image in order to 
make their experiment repeatable and be able to come to a conclusion about their question.   
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MEETING 8:  REFINING YOUR EXPERIMENT and DATA COLLECTION METHODS 

Minimum materials required: 
 Question Mars Student Guide:  1 per student recommended (students should already have this handout) 
 Internet connected computer:  1 per pair recommended (students may not end up using the computer during this 

meeting) 
 Experiment Design (Data Collection Methods) Handout:  1 per student recommended 
 THEMIS Image Data Gathering table:  1 per student recommended 

 
Have students get back into their same groups from the previous day. 
 
Refining Your Experiment 
Students should discuss the Question Mars Student Worksheet 5 that they completed for homework.  They 
should discuss and come to a decision on what data (information) they will collect and log from every 
image they observe.  This will become an important aspect of their step-by-step plan or refined 
experiment design.   
 

 Small Research Teams:  Students should discuss and debate their step-by-step plan within their 
research team.  After the team discussion, all students should have consistent information.   

 
 Entire Class as one Research Team:  In groups of ~6, have students discuss and debate among 

member of the small group.  After small group discussions, as a class discuss each group’s ideas 
and finalize what is best for the entire class.  Class discussions can be led by the teacher or one or 
two student leaders.  After the class discussion, all students should have consistent information. 

 
Data Collection Methods 
After students discussed and finalized what data they are going to collect as part of their experiment 
design, they should fill out the Experiment Design (Data Collection Methods) sheet available at:  
 

 http://marsed.asu.edu/upload/MSIP_Archived  (Look for Meeting 8 folder) 
 
Filling out this sheet will allow them to see what information they need to collect, where they will find 
that information and why that information is important for their project.   
 

 Small Research Teams:  Students should discuss and fill out the appropriate information.  All 
students on the team should have consistent information.   

 
 Entire Class as one Research Team:  In groups of ~6, have students discuss and debate the 

appropriate information for the sheet.  After the small group discussions, as a class discuss each 
group’s ideas and finalize what is best for the entire class.  Class discussions can be led by the 
teacher or one or two student leaders.  Alternatively, this discussion can be held as an entire class 
right from the start.   
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Students can decide to include additional pieces of information they feel will help answer their question 
that they didn’t previously decide on.  There is no minimum or maximum set of data students should 
collect; that will depend on their research question.   
 
Once students finalize their Experiment Design (Data Collection Method) sheets, each student should get a 
copy of the THEMIS Image Data Gathering table.  This table is available at: 
 

 http://marsed.asu.edu/upload/MSIP_Archived  (Look for Meeting 8 folder) 
 
Based on what data students decided to collect and log from every image, have them fill in that 
information as the header of each column of the data table.  Students should decide the order in which 
they should fill in the header information as well as how to divide up column header spaces provided to 
accommodate the data they plan to collect. Students need to make sure all team member data tables are 
consistent.   
 

 Small Research Teams:  Students should discuss and debate how the information should be 
included on the data table.  All students on the team should have consistently divided up and 
filled out the headers on the table.   

 
 Entire Class as one Research Team:  In groups of ~6, have students discuss and debate the how 

the information should be included on the data table.  After the small group discussions, as a class 
discuss each group’s ideas and finalize what is best for the entire class.  Class discussions can be 
led by the teacher or one or two student leaders.  All students should have consistently divided up 
and filled out the headers on the table.   

 
 
HOMEWORK RECOMMENDATION: 
1. Log information from images they have already made observations of (from Question Mars 

Student Worksheet 2) on the THEMIS Image Data Gathering table. 
 
Students should look at their previous observations and ONLY include images that apply to their 
projects.  They may have some observations logged that focus on other aspects of their topic that 
they decided not to focus on.  These observations should NOT be included in their data table.  
Additionally, students probably did not record all the information they now realize they want to 
collect from each and every image, based on decisions they made with their data collection 
methods.  They can relocate any of the previously observed images by going to the http://themis-
data.asu.edu website.  If they type in the image ID # (the V# or I#), they will be able to look at that 
image again and log the other observations and data they may need to obtain for their project.   
 
Each individual that makes up a research team should create and maintain their own data table.  
The data they record on their THEMIS Image Data Gathering table will be compiled with other 
team member data at a later time in an Excel spreadsheet.  It is again important to stress that their 
data tables need to be filled out consistently.   
 
Students can be given a couple of days to complete this homework assignment.   
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MEETING 9:  DATA ANALYSIS PRACTICE 

Minimum materials required: 
 Data Analysis Practice Guide:  1 per student recommended 
 Computer:  1 per pair 

o Computer needs to have Microsoft Excel 
o Provided electronic copy of  MOLA elevation map of Mars  needs to be on each computer 

 Optional:  Instead of using a computer with Microsoft Excel, students can use graph paper and a hard copy of the 
MOLA elevation map of Mars for the Data Analysis Practice Guide exercises. 

 
Once students know what data they need to collect in order to answer their question and support or 
refute their hypothesis(es), they need to think about how they will analyze their data.   For this activity, 
students will need access to a computer that has Microsoft Excel (or graph paper and a hard copy of the 
MOLA elevation map of Mars).   

Provide students with access to the Data Analysis Practice Guide.  This guide and the MOLA elevation map 
of Mars are available at:   

 http://marsed.asu.edu/upload/MSIP_Archived  (Look for Meeting 9 folder) 

Note:  This activity may take more than one meeting to complete.  Allow students time during 
Meeting 10, if necessary, to complete this activity. 
 

 
HOMEWORK RECOMMENDATION: 
1. Continue logging information from images they have already made observations of (from 

Question Mars Student Worksheet 2) on the THEMIS Image Data Gathering table. 
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MEETING 10:  DATA ANALYSIS (Cont’d) and MSIP PROPOSAL OVERVIEW 
 

Minimum materials required: 
 Data Analysis Practice Guide:  1 per student recommended (students should already have this handout) 
 Computer:  1 per pair 

o Computer needs to have Microsoft Excel 
o Provided electronic copy of  MOLA elevation map of Mars  needs to be on each computer 

 MSIP Proposal Outline:  1 per student recommended 
 
Data Analysis 
If students are still working on the Data Analysis Practice Guide, provide them time during the beginning of 
this meeting to complete the activities.  Bring this activity to a close by reviewing the summary points at 
the end of the practice guide.  Discuss any of the individual activities as you feel necessary. 
 
The majority of this Meeting should focus on the MSIP Proposal Outline. 
 
MSIP Proposal Overview 
The proposal outline should be used to have students create an outline of their work to see if they are 
lacking any information for their project.  It can be considered somewhat of a progress report.  It is also a 
guide to assist them with their project.  Most of the information for the proposal has already been 
completed by students in the previous activities.  The proposal outline allows students to compile all 
their previously completed information in one place.  It also helps to ensure they are all on the same page 
and consistent with their research plan. As they progress with their research, some of the information 
they include in this proposal outline will most likely change.  This is a natural part of the process of 
science. 
 

 This MSIP Proposal Outline is available at http://marsed.asu.edu/upload/MSIP_Archived (Look 
for Meeting 10  folder) 

 
The recommended strategy for filling out the MSIP Proposal Outline is as follows: 
 

 Small Research Teams:  Working as a team, students should discuss and debate the information 
they feel should be included in each section of the proposal. 

 
 Entire Class as one Research Team:  Working in groups of ~6, students should discuss and debate 

information that they feel should be included in each section of the proposal.  During Session 11, 
have a class discussion led by the teacher or a few student leaders to finalize the information 
necessary for each section of the proposal. 

 
Here is an overview of each of the sections for the MSIP Proposal Outline:   
 
I.  Introduction:  There are three main questions students should address in this section: 

1. What is your science question?  This is self-explanatory. 
2. Why is this question important and interesting?  Students should think about why this topic interests 

them but ALSO why this question is important in understanding Mars better.  For many, 
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understanding why what they are studying is important can be difficult.  It requires students 
to think more globally and critically about the geologic processes at work on Mars.  They need 
to relate what they understand about how a process may work on Mars with what they are 
studying.  Encourage students to think about how their study may help in the understanding 
of the past or present conditions on Mars and why that would be important.  They may also 
want to consider what effect this better understanding may have for future human or robotic 
exploration of Mars.   

3. List any hypotheses you may have of what the answer(s) might be to your science question.  For this, students 
should think back to what they did with the Question Mars activity, Student Worksheet 4.  
Students should base any hypothesis (and they can have more than one hypothesis) on 
observed trends rather than just an unsupported guess.   

 
II.  Background   
Gathering background information from books and/or websites and other sources about what is known 
about the geologic feature(s) they are studying is a very important part of their research.  This section 
should be continually worked on as students go through their research.  Student groups may assign 
different portions of this section to individuals within their research group to be responsible for.   This 
information can include: 

1. List definitions of the geologic feature(s) on Mars you are studying as part of your science question.   Some of this 
information can be found in the Feature Identification Charts.   

2. Show how the geologic feature(s) you are studying are thought to form (the geologic process) on Mars in a sketch.  
This can be done in a student drawn sketch or diagrams they have found in a resource.     

3. Describe how the geologic feature(s) you are studying are thought to form?   If you created a sketch describe the 
process your sketch is illustrating. This can be a written explanation of their sketch or diagram. 

4. Show what the geologic feature(s) you are studying look like on Mars.  
• Draw sketches.  Students can draw or sketch the feature(s) they are studying. 
• Show THEMIS images that show good examples of your geologic feature(s).  These can be images from 

the http://themis.asu.edu website. 
• Describe the defining characteristics or criteria for identifying the geologic feature(s) you are studying.     

(For example:  Let’s say you are studying the relationship between sand dunes in different types of craters.  
If this is the case, you should describe what the criteria or defining characteristics  are for the different types 
of craters (preserved, modified or destroyed) as well as what criteria or defining characteristics you look 
for to identify sand dunes.)  Students should describe defining characteristics or criteria for 
identifying the geologic feature(s) they are studying. 

• (Optional) Select an image that best illustrates each of the defining characteristics of the geologic feature(s) 
you are studying to use as a “control”.  (For example:  If you described the criteria or defining 
characteristics of each type of crater and sand dunes, you could label those specific characteristics in a 
THEMIS image and use that as an exemplary example (a “control”) to base your classifications 
throughout your project.)  In some cases students may have a “control” image that is an 
exemplary example of the specific characteristics or criteria of the geologic feature(s) they 
are studying.  This may be considered their “control”.  The use of a “control” is not 
absolutely necessary, however, defining characteristics or criteria is important for 
students to establish.   
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5. List any hypotheses or information about the formation of the geologic features(s) you are studying from other 
scientists:  Different sources may provide different information about the geologic features 
students are studying or thoughts on how those features may form. 

6. PRELIMINARY OBSERVATIONS:  All proposals should provide information about the preliminary 
observations or data you have already collected.  During the initial stages of your research, you should have looked 
at THEMIS visible images.  To illustrate this, you should consider including the following in your proposal: 
a. How many images you have looked at up to the time you are putting together the proposal.  Students MUST 

have made observations of THEMIS images in order to write a quality proposal.   
b. Include a written description of what trends or patterns you are noticing with the images you have observed so 

far.  Students should provide details and elaborate on the hypothesis(es) they mentioned in 
the Introduction section of the proposal.   

c. Plot points on a map of Mars that represent the location of each image you have observed.  Students may 
want to actually show a map with their plotted preliminary data points.  Alternatively, they 
can plot their points on a map and for the proposal only include a description of what 
geographic regions they observed the features they are studying on Mars.   

 
Students should keep track of ALL references used in order to cite sources appropriately.   This includes 
citing images from the THEMIS website as well.  It is important for students to know they need to cite 
all their sources from the very beginning of their research. 
 
A few suggested resources students can use as they conduct their research are: 

 MSIP Resource Manual:  This is included in their Student Manual 
 Feature Identification Charts:  This is also included in their Student Manual 
 THEMIS website:  http://themis.asu.edu 
 Other reliable internet sources or books, magazines or science journals 

 
III.  Experiment Design 
This section includes a number of questions/information that are self-explanatory.  Students should 
describe, in as much detail as possible, the information they include as the “answers” to the questions.  
Students should discuss their answers with each other to be sure they are all on the same page, as a team, 
with the intentions of their experiment and plan.  Students have already worked on and discussed a lot of 
this information in the Question Mars activity Student Worksheets 4 and 5. 
 
Here are some important details for questions/information #5, 6, and 7 suggested in this section:  
 

5. As part of part of your experiment design, list the specific data (information) you plan to record in a table from 
each image you observe and why?” These details have also already been completed by the students from 
their Experiment Design (Data Collection Methods) handout.  They should include a list of the 
information they will gather from each image and why that information is important.  Asking 
students to rewrite and include this information as part of their proposal, helps reinforce the 
importance and consistency of what and how they are conducting their research.  

6. What measurements will you make, if any.  Please describe how you will make these measurements and why they are 
important.  If students are going to make measurements as part of their research, they have one of a 
few options to make their measurements: 
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o Make measurements by using the techniques (determining the scale of the image) they 
learned with the Mars Image Analysis activity.  For this technique students would need a 
print out of images. 

o Make estimated measurements knowing that every THEMIS visible image is 18 km across.  
By knowing this, they can make estimated measurements without having a print out 
images. 

o Use Adobe Photoshop to make measurements (This would require having Adobe 
Photoshop on your computers and time or knowledge to learn how to make 
measurements.  MSIP Image Processing Curricular guides for using Adobe Photoshop are 
available upon request.) 

Students should describe in detail, how they are going to make their measurements and why these 
measurements are important for their research. 

 
7. List and describe what website(s) and how you will use it/them to gather and record the data you listed above.   

Students should list out exactly what they will do at each website in order to gather their data.  
This should include descriptions of where they will go once on the website in order to gather 
each piece of data they state they will log.  This can be done as a list of steps.  Some of this 
information was included on the Experiment Design (Data Collection Methods) handout. 

 
IV.  Analysis Plan 
For the Analysis Plan section, students should focus on how they will list and display their data in order 
to analyze it.  These main items are as follows:   
 

1. Data Table (THEMIS Image Data Gathering data table):  Students should show the headings 
of their data table (without the actual data included).   At this time they should look at their 
individual THEMIS Image Data Gathering table and make sure they all agree on its set-up.  The team 
should also be thinking about if they are filling out their data table in a consistent fashion.  Each 
member of the research team should have a data table that is consistent in every way, including 
any abbreviations being used.  They should also make sure they include (or do not include) units 
of measurement in each logged observation.  For example, if students have a header for Longitudes, 
it is recommended that they have Longitudes (E) in the header section.  Therefore, for each logged 
observation, they will not need to include the E after each longitude recorded.  This will be 
inferred from the header.  They should think about how the headers should be labeled and 
exactly how they are going to log the information they want to collect from every image.  At this 
point, it is recommended that they review and ensure consistent table header information.  Only 
AFTER they are finished with the proposal outline should they review the consistency of the 
recorded information.  Students should have recorded information in their data tables with 
previously recorded data (from the Question Mars activity) that they completed for homework.  
Again, it is not recommended that they review the recorded data until they are finished 
discussing the entire proposal outline.   

2. Graphs and Maps (listed separately as #2 and #3 in the MSIP Proposal Outline):  Students 
should use the activities they completed with the Data Analysis Practice Guide to think about what 
graphs they may want to create to display their data, including their information on a MOLA 
elevation map of Mars (which is a graph comparing latitudes versus longitudes).  Students 
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should include which pairs of data they plan to graph, the type of graph they will create and what 
that graph will tell them. 

3. Other:  Students may consider showing labeled images (sketches or actual images) to show 
important descriptive or qualitative information about the geologic feature(s) they are studying.  
They may also include context images (sketches or actual images) that also provide qualitative 
information important for understanding the context area where they are observing these 
features.   

 
V.  Conclusion  
This section is used to summarize what the team is proposing to do and is almost a reiteration of their 
Introduction section. This section has three main questions: 

1. Restate your science question.  This is self-explanatory. 
2. Restate your hypotheses (if you had any).  Students can restate any hypotheses they may have. 
3. Restate why it is important to answer your question and why your proposal should be accepted for your team to use 

the THEMIS visible camera.  For students conducting an archived project, they do not need to 
address the last part of this regarding why their proposal should be accepted.  Their main focus 
should be on why it is important to answer their question.   

 
VI.  References 
This section should include a list of all (and ONLY) sources of information actually used to create their 
science proposal.  Any fact, image or piece of information that they read in a book, website, journal or 
magazine should be referenced within their proposal outline.  Only sources referenced within the MSIP 
Proposal (students should learn how to reference properly) should be included in their references section. 
 
Note:  For student teams intending to propose to use the THEMIS camera, please remember the 
following: 

1. There must be at least 8 students on the team (Entire class proposals are recommended and 
increase a team’s change of using the THEMIS camera.) 

2. Proposals should be written in paragraph form.  The MSIP Proposal Outline provides a helpful 
structure for a formal proposal to be written.   

3. Be sure to reference/cite sources within the proposal and in your references section. 
4. Proposal must be student written. 

 
 
HOMEWORK RECOMMENDATION: 
1.  Fill out the remaining sections of the MSIP Proposal Outline that were not completed in class.   
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MEETING 11:  MSIP PROPOSAL DISCUSSION and DATA GATHERING 
 
Minimum materials required: 

 MSIP Proposal Outline:  1 per student recommended (students should already have this handout) 
 THEMIS Image Data Gathering table:  1 per student recommended (students should already have this table) 
 Internet connected computer:  1 per pair recommended (students may not need to use the computer during this 

meeting) 
 
MSIP Proposal Outline Discussion 
Students should discuss each section of the MSIP Proposal Outline that they finished for homework to 
ensure that everyone is on the same page with their project.  They should share their ideas for each 
section and come to a consensus on what information is important to include.  Each member of the 
research team should have the same information included in each section of the proposal.  In the case of 
the background section, some information may still need to be researched.   
 

 Small Research Teams:  Students should discuss and debate the final information to be included 
in each section of the proposal. 

 
 Entire Class as one Research Team:  In groups of ~6, have students discuss and debate the 

information they feel should be included in each section of the proposal.  After the small group 
discussions, as a class discuss each group’s ideas for each section and finalize what is best for the 
entire class.  Class discussions can be led by the teacher or one or two student leaders. 

 
Data Gathering 
When students finish discussing their MSIP Proposal Outline, they should review each others data table 
(THEMIS Image Data Gathering table).  Students should make sure the data each student has entered on the 
data table is consistent.   Each individual should have their own data table.   
 
Once students finish checking their data tables, they will get back into pairs to continue collecting 
additional data by going to the appropriate THEMIS website.  Prior to collecting their data in pairs, the 
team needs to decide the procedure of how to divide up the data that is available on the website. 
 

 Small Research Teams:  Students should discuss and debate among the members how they should 
divide up the images available to maximize the number of different data points their team will 
collect.  It would be very useful to have students discuss this while looking at the website they 
will be using to collect their data together.  For example, one group could make observations of 
the images available on page 1 of the image gallery and another group could look at page 2, and so 
on.  Allow students to come up with their own decisions as to how to divide up their efforts. 

 
 Entire Class as one Research Team:  As a class, discuss and debate how they should divide up the 

images available to maximize the number of different data points their team will collect.  It would 
be very useful to have the website they will be using displayed in the front of the room.  Students 
could, for example, decide to have one group make observations of the images available on page 1, 
the first 3 rows of data of the image gallery and another group could look at page 1, the second 3 
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rows of data, and so on.  Allow students to come up with their own decisions as to how to divide 
up their efforts.  Class discussions can be led by the teacher or one or two student leaders. 

 
 
HOMEWORK RECOMMENDATION: 
1. Continue data gathering for homework as well as throughout the project.  The more data 

collected, the more confident students will be when formulating conclusions and answering 
their question.   

 
2. Students can also work on completing/researching their “assigned question/portion” (if 

applicable) of the background section of their proposal, which will be needed information for 
their final reports. 
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MEETING 12:  DATA COMPILATION 
 
Minimum materials required: 

 THEMIS Image Data Gathering table:  1 per student recommended (students should already have this table) 
 Computer with Microsoft Excel:  1 per pair 
 Data Analysis Planning handout:  1 per student recommended 

 
Students will need to compile their THEMIS Image Data Gathering table information into one team master 
data table in an excel spreadsheet.   One pair of students can be responsible to do this, but they must do 
this carefully.     
 

 Small Research Teams:  Students can assign one pair of students to compile the data from all the 
other pairs of students that make up the research team.  The students compiling the data should 
be sure not to repeat any of the same data and should make sure the data is input consistently.  
The remaining students can gather additional data or work on some of the background research 
they may need to work on.   

 
 Entire Class as one Research Team:  Students can assign one pair of students to compile the data 

from all the other pairs of students from the class.  The students compiling the data should be sure 
not to repeat any of the same data and should make sure the data is input consistently.  The 
remaining students can gather additional data or work on some of the background research they 
may need to work on. 

 
Students should carefully review their final compiled master data table as a group to eliminate any 
inconsistencies.  Here are some common errors they should be careful of: 

• Repeated data 
• Errors in latitude or longitude degree ranges and directions 
• Errors in Image Identification numbers 
• Errors in values or measurements 
• Errors in units 

 
 
HOMEWORK RECOMMENDATION: 
1. Have students take home the Data Analysis Planning handout and have them list at least 3 

possible graphs they could make of their data.   They should think about what they included on 
the MSIP Proposal Outline and also what they did in the Data Analysis and Practice Guide.   

 
The Data Analysis Planning handout is available at:   

 http://marsed.asu.edu/upload/MSIP_Archived (Look for Meeting 12  folder) 
 

Teacher “Homework” Recommendation:  If possible, print out a copy of the compiled master data 
table for each member of each team for use the following day.   
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MEETING 13:  GRAPHING AND DATA ANALYSIS 
 
Minimum materials required: 

 Compiled Master Data Table  (printed from the Excel spreadsheet):  1 per student recommended 
 Computer with Microsoft Excel and an electronic copy of students compiled master data  table:  1 per pair of 

students 
 Data Analysis Planning handout:  1 per student recommended (students should already have this handout) 
 Data Analysis handout:  1 per student recommended  

 
During this session, students should discuss and finalize their ideas from their homework and Data 
Analysis Planning handout.   
 

 Small Research Teams:  Students can discuss their ideas from their homework and Data Analysis 
Planning handout.  They should finalize and decide what graphs they will want to create for their 
project and who will be responsible to make what graph.  Each pair does not need to make each 
graph (unless there is time).  Students can make graphs using a computer or “by hand”.  The most 
important aspect of the data analysis will be for them to make observations and interpretations of 
the data.   

 

 Entire Class as one Research Team:  As a class, students can discuss their ideas from their 
homework and Data Analysis Planning handout.  They should finalize and decide what graphs they 
will want to create for their project and who will be responsible to make what graph.  Since there 
will be more pairs than graphs for the class, multiple pairs can be assigned to do the same graph.  
The class can decide in the end which of the graphs made by the multiple pairs is the best and 
should be included in their final report.  Each pair does not need to make each graph (unless there 
is time).  Students can make graphs using a computer or “by hand”.  The most important aspect of 
the data analysis will be for them to make observations and interpretations of the data. 

 

Students should use their compiled master data table to create their graphs.  An electronic copy of this 
should be available to students on the computer they will work with.  Students should also each have a 
hard copy of the compiled master data table, if possible.  Students can refer to the Data Analysis Practice 
Guide for assistance in making their graphs if necessary.   
 
NOTE:  To avoid loss or corruption of the electronic copy of the compiled master data table it is 
recommended to have each computer group working to make a graph save the master data table file with 
a different name.  For example, students could rename the file as “MasterTable_Group1”.     
 

Once graphs are made, students should use the Data Analysis handouts to write down the observations 
and interpretations of each graph or at least the graph(s) they made.  The Data Analysis handouts are 
available at the following link: 
 

 http://marsed.asu.edu/upload/MSIP_Archived  (Look for Meeting 13 folder) 
 
HOMEWORK RECOMMENDATION: 
1. Provide students with a print out of any or all the graphs they have made and have them 

complete the Data Analysis sheets at home.    
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MEETING 14:  DRAWING CONCLUSIONS 
 
Minimum materials required: 

 Data Analysis handout:  1 per student recommended (students should already have this handout) 
 MSIP Final Report Outline:  1 per student recommended 

 
The recommended strategy for filling out and finalizing the Data Analysis handouts is as follows: 
 

 Small Research Teams:  Working as a team, students should discuss and debate the information 
they completed for homework.  Together, they should discuss their observations and 
interpretations of each of the graphs.  Students should show the graph(s) they analyzed and 
discuss their observations and interpretations.  Based on input from other team members during 
their discussion, students should revise (as necessary) their Data Analysis handouts to record the 
most pertinent information for each graph for their project.  All members of the team should write 
down the appropriate and consistent final information for each graph. 

 
 Entire Class as one Research Team:  Working as a class, students should discuss the Data Analysis 

handouts they completed for homework.  Each pair should show the graph(s) they made and 
analyzed and discuss their observations and interpretations.  Other team members should provide 
input and based on the discussion, students should revise (as necessary) their Data Analysis 
handouts to record the most pertinent information for each graph for their project.  All members 
of the team should write down the appropriate and consistent final information for each graph. 

 
Using the information researched and the data acquired and graphed throughout the project, students 
should now be able to compile their information, draw some conclusions and put together all of the 
information into the MSIP Final Report Outline.  

An outline to use as a guide for the MSIP Final Report is available at either of the following links:   
 

 http://marsed.asu.edu/upload/MSIPArchivedFinalReportOutlinev4.doc  OR 
 http://marsed.asu.edu/upload/MSIP_Archived  (Look for Meeting 14 folder) 

 
The MSIP Final Report Outline should be self-explanatory and in many cases, extremely similar to the MSIP 
Proposal Outline.  Here is an overview of each of the sections:   

 
I.  Introduction:  There are three main questions students should address in this section: 

1. What is your science question?  This is self-explanatory. 
2. Why is this question important and interesting?  Students should think about why this topic 

interested them but ALSO why this question is important in understanding Mars better.  For 
many students this many not be easy.  Understanding why what they are studying is 
important can be difficult.  It requires students to think more globally and critically about the 
processes related to what they are studying about Mars.  Encourage students to think about 
how their study may help in the understanding of the past or present conditions on Mars and 
why that would be important.  They may also want to consider what effect this better 
understanding may have for future human or robotic exploration of Mars.   
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3. List any hypotheses you had of what the answer(s) might be to your science question.  For this, students 
should think back to what they originally wrote for their Introduction section of the MSIP 
Proposal.  Students should have based any hypothesis (and they can have more than one 
hypothesis) on observed trends rather than just an unsupported guess.  Students will indicate 
if these hypotheses were supported or refuted in the Conclusion section of their final report. 

 
II.  Background:   
Students should have researched and compiled all the necessary information for their Background 
section.  A lot of the information was probably obtained and researched when students initially looked at 
the MSIP Proposal Outline, but some of the information they needed to be sure to gather throughout the 
time they had to work on their project.  Students should be sure to change and update the information as 
necessary.  Students should also be sure to cite sources appropriately.   This includes citing images from 
the THEMIS website as well.   
 
The suggested information they should include in this section is as follows: 

1. List definitions of the geologic feature(s) on Mars you are studying as part of your science question.  Some of 
this information can be found in the Feature Identification Charts.   

2. Show how the geologic feature(s) you are studying are thought to form (the geologic process) on Mars in a 
sketch.  This can be done in a student drawn sketch or diagrams they have found in a resource.    

3. Describe how the geologic feature(s) you are studying are thought to form?   If you created a sketch describe the 
process your sketch is illustrating. This can be a written explanation of their sketch or diagram. 

4. Show what the geologic feature(s) you are studying look like on Mars.  
• Draw sketches.  Students can draw or sketch the feature(s) they are studying. 
• Show THEMIS images that show good examples of your geologic feature(s).  These can be images from 

the http://themis.asu.edu website. 
• Describe the defining characteristics or criteria for identifying the geologic feature(s) you are studying.     

(For example:  Let’s say you are studying the relationship between sand dunes in different types of craters.  
If this is the case, you should describe what the criteria or defining characteristics are for the different types 
of craters (preserved, modified or destroyed) as well as what criteria or defining characteristics you look 
for to identify sand dunes.)  Students should describe defining characteristics or criteria for 
identifying the geologic feature(s) they are studying. 

5. List any hypotheses or information about the formation of the geologic features(s) you are studying from other 
scientists:  Different sources may provide different information about the geologic feature(s) 
students are studying or thoughts on how those features may form. 

 
III.  Methods 
This section includes a number of questions that are self-explanatory and similar to what the students 
were asked in the Experiment Design section of the MSIP Proposal Outline.  For the MSIP Final Report Outline 
they are stating what they actually did rather than what they plan to do.  Students should describe in as 
much detail as possible, the information they include as the “answers” to the questions.  Their answers 
may have changed (or at least should be updated) since they completed their MSIP Proposal Outline.   
 
Anything students can show in an example to illustrate any part of their methods would be useful.  For 
example, if students were studying the relationship between different types of craters and sand dunes, 
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they should have already mentioned the different types of craters and sand dunes in their background 
section.  As part of their methods, they should discuss the criteria they specifically used for their research 
as they gathered their data.  If they used a “control”, that should be discussed as well. Another example 
would be if the students made measurements as part of their research.  They could include a labeled 
image to indicate what they measured and a step-by-step description of the process they used to make 
their measurements.  
 
IV.  Data 
For the Data section, there is one main question students should address.  The total focus is on listing 
and displaying the data and observations of that data: 

1. Display your data (attach any and all information you put together for this section): 
• Show your data table and explain what it is showing.  Students should show and discuss some of the 

details of their compiled master data table.  This should include the headers of each column of 
data they collected, the number of images/data points that are on the table.  If the table is 
organized in some way (by image ID # or by latitude or by individual who collected the data) 
that can also be mentioned.  Students can also mention that the data in this compiled master 
table is what they used to display their data in different ways.  By displaying the data in 
graphs, they are able view it in a way that allows them to more easily understand what the 
data is showing. 

• Show each of your graphs and explain what each graph is comparing and what observations, including 
patterns or trends you can observe with the data displayed on each graph.  Students should include each 
individual graph and either under the graph or by the side of the graph they should list the 
following information: 
o What the graph is comparing (For example, this graph is showing the channel width 

versus the channel depth.) 
o Observations, patterns, and trends they are noticing based on the graph (keep in mind 

they are only mentioning their observations here – not the interpretations of what those 
observations may possibly mean.) 

• Show your data on a map of Mars and explain what it is showing and what observations, including patterns or 
trends you can observe with the data displayed on the map.  Again, students should include their data 
on a map of Mars (elevation map, dust index map, etc.  There are many different maps 
available of Mars.)  Students should again include: 
o What the graph is comparing (For example, this graph is comparing latitude versus 

longitude and is showing channel locations on Mars.) 
o Observations, patterns, and trends they are noticing based on the map (keep in mind they 

are only mentioning their observations here – not the interpretations of what those 
observations may possibly mean.) 

• Show and discuss any qualitative information (sketches and overall general observations) that are important 
for better understanding the feature(s) you are studying or how the surrounding areas (the context) that may 
play a role in the process or formation of the feature(s) you are studying.  Students should include any 
qualitative observations that are important for their project.  These qualitative observations 
can be a part of the data table.  Sometimes students do not think they need to include this 
qualitative information.  This information is extremely important as it allows students to 
think about what different aspects of their feature may be telling them about the formation of 
the feature or how the surrounding area (the context) may be affecting the process or 
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formation of the feature(s) they are studying.   Again, they should only discuss their 
observations of this qualitative data and save their interpretations for the discussion section of 
the final report. 

 
V.  Discussion 
This section asks students to reshow their data and discuss the interpretations of the observations they 
stated in the data section.  It may feel as though students are showing the same information…and they 
are.  The only additional information they are including are their interpretations of the data and what 
those interpretations may mean as it related to their science question.   
 

1.  Reshow each graph individually (including your data on the map of Mars) and include the following: 
• A brief overview of what the graph is comparing and the trends, patterns, and observations of that graph.  This 

overview should be brief and used just to reorient the reader to the graph students will 
discuss. 

• Explain the interpretations of what those trends, patterns and observations tell them about how the specific 
process(es) they are studying may work on Mars.  They should include significant details that can be specifically 
linked to and back up those interpretations.  Students should include information about how things 
may be working on Mars according to their data.  If the data is not giving them enough 
information to support a consistent idea of how the specific process may be working on Mars, 
students should discuss this as well. 

• Apply those interpretations to their specific question.  Students should always apply what the data is 
showing them to their specific question and/or hypothesis(es).  Student interpretations 
should reflect the observations they made and should be related to their science question. 

 
2. Discuss the potential errors with the data you collected. 

• Could there be any inaccuracies?  If so, please explain. Students should explain if they could have any 
inaccuracies with their data.  For example, students may have had some potential errors in 
some of the measurements they made.  Students should discuss any of these type of potential 
errors or inaccuracies.   

• Could there be any misinterpretations?  If so, please explain.   Among team members, especially in the 
identification of geologic features, different students may have identified or classified 
incorrectly or differently than others.   Depending on the student project, this could affect 
their results.  Students should discuss this. 

 
VI.  Conclusion 
This section is used to summarize what the team did. This section has four main questions: 

1. Restate and answer your science question based on your interpretations from the discussion section.  This is self-
explanatory.  In some cases, students will find that they can not come to a conclusion about the 
answer to their question.  If this is the case, the students can explain why and what they could do 
in order to be able to answer their question in the future. 

2. Restate and support or refute your hypotheses (if you had any) based on your interpretations from the discussion 
section.  Students can restate any hypotheses they may have and briefly state why they were 
supported or refuted based on their interpretations of the data (the discussion section).  Again, if 
they feel they do not have enough data to support or refute their hypotheses they should discuss 
why. 
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3. What future work could be done to expand your research project?  Students should think about how their 
research could be expanded to gain a better understanding about what they were studying.  
Future work can also include what other questions that have sparked their interest and curiosity 
because of the research they just conducted.   

4. Who can you acknowledge for helping you complete your science project?  Students should acknowledge 
those who helped them with their research.  This may include the teacher, librarian, parents, or 
anyone else who may have helped them. 

 
VII.  References 
This section should include a list of all (and ONLY) sources of information used to create their final 
report (which includes many of the same they included in their MSIP Proposal Outline).  Any fact, image or 
piece of information that they read in a book, website, journal or magazine should be referenced within 
their final report outline.  Only those sources referenced within the final report should be included in 
their references section.  Students should reference carefully. 
 
 
HOMEWORK RECOMMENDATON:   
1.  Students should complete the MSIP Final Report Outline for homework.   
 
 
 
 
 
 
 
MEETING 15:  WRITING UP YOUR FINAL CONCLUSIONS 
 
Minimum materials required: 

 MSIP Final Report Outline:  1 per student recommended (students should already have this handout) 
 MSIP Archived Team Results Outline (optional):  1 per team 

 
Students should discuss their completed MSIP Final Report Outlines in order to ensure they have included 
all the information that related to the research they have done.  It is also important to ensure their 
information is consistent among each team member. 

OPTIONAL:  If students wish to potentially publish their results on the MSIP website, they can do so by 
filling out the MSIP Archived Team Results Form.  This form should be filled out by students  and submitted 
by the teacher to msip@asu.edu.  

This team results outline is available at either of the following links: 
 

 http://marsed.asu.edu/upload/MSIPArchivedTeamResults_web.doc OR 
 http://marsed.asu.edu/upload/MSIP_Archived  (Look for Meeting 15 folder) 


