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Option 1: Unit Development and Implementation

A. Statement of Purpose.
The integration of mathematics and science in this unit will accomplish two goals: (1) to connect both mathematics and science curriculum to real-world problems, and (2) to support the Core Curriculum State Standards (CCSS) in mathematics and the practices for the Framework for K-12 Science Education by preparing students for potential careers in STEM fields of study.  This unit is developmentally appropriate for 8th grade students because it adheres to the mathematics CCSS and includes skills that are necessary to explore and examine how both disciplines are more than just textbook chapters.  Students will develop skills in: 
(a) using numbers expressed in the form of a single digit times an integer power of 10 to estimate very large or very small quantities
(b) understanding proportional relationships
(c) exploring and making sense of dimensions of a real object used to collect data on Mars
(d) using graphs to model relationships between two quantities and make inferences about the information collected; and 
(e) understanding scale models of large constructs.

B. 	(1) Title of Unit.
Investigating the Dimensions and Abilities of the Mars Science Laboratory (MSL) “Curiosity” (Grade 8)
	
	(2) Length.
	One week (at our school, four 60-minute sessions)

	(3) Standards addressed in the unit (both science and mathematics).
		Mathematics
(1) Expressions and Equations 8.EE: Use numbers expressed in the form of a single digit times an integer power of 10 to estimate very large or very small quantities.
(2) Expressions and Equations 8.EE: Graph proportional relationships.
(3) Functions 8.F: Compare properties of two functions each represented in a different way (algebraically, graphically, numerically in tables, or by verbal descriptions).
(4) Functions 8.F: Use functions to model relationships between quantities. 
(5) Geometry 8.G: Understand that a two-dimensional figure is similar to another if the second can be obtained from the first by a sequence that exhibits the similarity between them.
(6) Statistics and Probability 8.SP: Construct and interpret scatter plots for bivariate measurement data to investigate patterns of association between two quantities.
Science
Practices for K-12 Science Classrooms (from The Framework for K-12 Science Education)
(1) Developing and using models.
(2) Planning and carrying out investigations.
(3) Analyzing and interpreting data.
(4) Using mathematics and computational thinking.
(5) Obtaining, evaluating, and communicating information.

	(4) Essential questions that the unit with mathematics will address.
How can our understanding of measurement for everyday objects be applied to unfamiliar objects?

How can collected data from the past or present time allow us to make predictions about the future?

Can numbers that look different represent the same quantity?

	(5) Unit questions branching out from the essential questions.
How can our understanding of measurements for everyday objects be applied to unfamiliar objects?
(a) What types of measurement units are familiar to us?
(b) How large do you think objects sent into space are?
(c) What units of measurement do you think are used for these objects?

How can collected data from the past or present time allow us to make predictions about the future?
(a) How do we collect data in different situations?
(b) For what situations would we need or want to collect data?
(c) What kind of data would allow us to make predictions?  What kind of data would not?

Can numbers that look different represent the same quantity?
(a) Can you remember how you learned to count?  If you can, how did you learn?  If not, how would you teach a young child?
(b) How has your method of counting changed as you have grown older?
(c) Why would it be necessary to express an amount of something in multiple ways?

C. Acceptable Evidence.

(1) Diagnostic assessment: Summary of pre-assessment prior to beginning of instruction of unit.


(2) Formative assessment: Summary of assessment(s) used during the unit.


(3) Summative assessment: Summary of post-assessment at the end of the unit.

D. Learning Experience and Instruction.

Lesson 1: Exploring “Curiosity”
On the mars.jpl.nasa.gov/msl/ website, there is a link to a page called “Learn About Me: Curiosity.”  An interactive picture of the rover appears with clickable parts.  Students can rotate the picture of the rover and click on particular parts, (i.e. the UHF Antenna or the DAN (“Water-finding Sense” Dynamic Albedo of Neutrons)).  When the part is clicked on, both an explanation of the function and the technological specs of the part are revealed.  Students are required to (1) convert any metric units into scientific notation, and (2) record the memory capacity (i.e. MB, GB, etc.) of any cameras on the rover.  After recording the memory capacity of the cameras, students will use the Internet to relate these capacities to those on their iPods, iPads, or laptop computers.  A discussion will follow about how powerful the cameras on the rover are versus the capacities of the memory on the items the students use every day.  We will also compare how useful it may be to record metric measurements in scientific notation – and how unnecessary it might be for certain measurements.
(1) Standards addressed in the lesson.
(a) Mathematics:
Expressions and Equations 8.EE: Use numbers expressed in the form of a single digit times an integer power of 10 to estimate very large or very small quantities.
	      	(b) Science:
			Using mathematics and computational thinking.
			Analyzing and interpreting data.
(2) Measurable lesson objectives.  Support Bloom’s Taxonomy.
(a) To connect how numbers appear in scientific notation to actual measurements of a large object (the Mars rover).  In Bloom’s Taxonomy, this would be the application category because the students are using their prior knowledge of writing numbers in scientific notation to manipulate the measurements of the rover Curiosity.
(b) To discover how large a Megabyte and Kilobyte is and how much memory each byte can hold.  This would also be the application category in Bloom’s Taxonomy because the students are being asked to relate and further explore their knowledge of memory capacity of familiar technological items.
(3) Materials required.
(a) the Internet and the website mars.jpl.nasa.gov/msl/.
(b) websites or other reference materials that explain what a Megabyte and Kilobyte are in terms of memory (i.e., how many photos or digital songs can each capacity hold).  See attached Worksheet A.
(4) How lesson provides for differentiation in content, process, and product.
This lesson provides for differentiation in content by making connections to real world measurement using scientific notation, which is not commonly used by the average student not studying chemistry or physics.  Including the investigation of the memory capacity of iPods, iPads, and laptops connects the rover to these items that are fun for students to use for listening to music, taking photos, or surfing the Internet.  Instead of seeing technical language, such as these forms of measurement, as foreign to them, students can make sense of them and relate them to their own lives.

Lesson 2: Determining the Scale
Before we begin this lesson, I will show the students the video on www.youtube.com of the launch of Curiosity on November 27, 2011: (http://www.youtube.com/watch?v=0cxsvVBemHY).
Problem 1 from the NASA lesson (Problem #29) worksheet includes four stills from this video.  Students will use a metric ruler and find the scale of the picture.  The width of each still from the video is 400 meters in real life.  Problem 1 requires students to come up with a scale in meters:millimeters.  Using this scale, students will determine the distance between (1) the distance from the bottom of the image to the base of the rocket in each still (Problem #2); and (2) the distance from the bottom of the image to the top of the rocket in each still (Problem #3).  
(1) Standards addressed in the lesson.
(a) Mathematics: 
Geometry 8.G: Understand that a two-dimensional figure is similar to another if the second can be obtained from the first by a sequence that exhibits the similarity between them.
(b) Science:
Using mathematics and computational thinking.
(2) Measurable lesson objectives.  Support Bloom’s Taxonomy.
(a) To use prior knowledge of the metric system and ratios to determine the scale on a map (instead of a map, we are using a picture and real world measurements).  In Bloom’s Taxonomy, this would be the application category because students are using their prior knowledge of a scale on a map and applying it to a picture instead.  
(3) Materials required.
(a) NASA’s SpaceMath Problem #29: The Launch of the Mars Science Laboratory.  See attached Worksheet B; A metric ruler with millimeter lines; the Internet to watch the www.youtube.com video.
(4) How lesson provides for differentiation in content, process, and product.
Instead of finding the scale on a map of a place that is foreign to students, they will watch a video of a real-life event that happened recently and that they have heard about.  We can have a discussion about why NASA sent Curiosity into space.  Then students can find the scale in each still and explore how scales can represent objects that are too large to print on paper.  This process allows students who learn visually to grasp the idea of determining a scale on paper.

Lesson 3: Graphing Relationships in a Scatter Plot
[bookmark: _GoBack]This lesson will focus more on science formulas that include speed, time, distance, and acceleration.
(1) Standards addressed in the lesson.
(a) Mathematics:
Statistics and Probability 8.SP: Construct and interpret scatter plots for bivariate measurement data to investigate patterns of association between two quantities.
(b) Science: 
Developing and using models.
Analyzing and interpreting data.
(2) Measurable lesson objectives.  Support Bloom’s Taxonomy.
(a) 
(3) Materials required.

(4) How lesson provides for differentiation in content, process, and product.

Lesson 4:
(1) Standards addressed in the lesson.

(2) Measurable lesson objectives.  Support Bloom’s Taxonomy.

(3) Materials required.

(4) How lesson provides for differentiation in content, process, and product.
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 The Launch of the Mars Science Laboratory  29 
This sequence shows the launch of the 



MSL mission from the Kennedy Space Center 
Launch Complex 49 on November 27, 2011 at 
10:02 EST.  The four images were taken, from 
bottom to top, at times 10:02:48 EST, 10:02:50 
EST, 10:02:51 EST and 10:02:52 EST. At the 
distance of the launch pad, the width of each 
image is 400 meters. 
 
Problem 1 -   With the help of a millimeter ruler, 
what is the scale of each image in meters/mm? 
 
 
Problem 2 -  For each image, what is the 
distance between the bottom of the image and 
the base of the rocket nozzle for the Atlas V 
rocket in each scene? 
 
 
Problem 3 – What is the estimated distance 
from the base of the launch pad to the rocket 
nozzle in each image? 
 
 
Problem 4 – From the time information, what is 
the average speed of the rocket between A) 
Image 1 and 2? B) Image 2 and 3? C) Image 3 
and 4? 
 
 
Problem 5 – From the speed information in 
Problem 4, what is the average acceleration 
between  A) Image 1 and Image 3?  B) Image 2 
and Image 4? 
 
 
Problem 6 – Graph the height of the rocket 
versus the time in seconds since launch. 
 
 
Problem 7 – Graph the speed of the rocket 
versus time in seconds after launch. For the 
time, use the midpoint time for each speed 
interval. 
 
 
Problem 8 – Graph the acceleration of the 
rocket versus time in seconds after launch. For 
the time, use the midpoint time for each 
acceleration interval. 



 
 
This sequence of stills was obtained from a  
YouTube.com video of the launch of MSL 
by United Space Alliance available at  
 
http://www.youtube.com/watch?v=0cxsvVBemHY 
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