Alice Cook Henke

Endeavor Cohort 4

Math Connections in the STEM Classroom
November 9th, 2012

Option 1:
Linear and Quadratic Equations: Astronauts, Space, and Microgravity

What a Unit!!
Unit Implementation
Artifacts from Unit Implementation:

A) Unit Bookends (Introduction and Conclusion)
1. Course Pre/Post Test
2. Fieldwork to Air and Space Museum Quiz
B) Lesson 1: Patterns and Equations
1. Problem-Solving Problem
2. Space Math “Variables and Expressions from Around the Cosmos’
3. Pattern Challenge Project
C) Lesson 2: Rates of Change and Slope
1. Balloon Activity Student Notes
2. Space Math “Rates and Slopes: An Astronomical Perspective”
3. Space Math “Working With Rates”
4. Exit Ticket
D) Lesson 3: Writing and Graphing Linear Equations
1. Guided Notes
2. Centers
3. Exit Ticket
E) Lesson 4: Reading and Using Graphs
1. Practice Using Graphs to Relate Two Quantities
2. Word Problems and Patters Projects
F) Lesson 5: Using Linear Equations, Graphs, and Models to Save Astronauts!!
1. Suit Yourself Sketches
2. Suit Yourself Student Work

)




A) Unit Bookends:

1. Course Pre/Post Test: The following artifact is Osmin’s initial assessment for the
whole Algebra 1 course. The initial assessment includes questions and content for
the entire summer school course. While Osmin did not score perfectly on the post
test, his overall score was 12% higher than on the pre-test. Osmin'’s case is
interesting, because his level of English proficiency is basic—he only recently moved
to the United States at the age of 13 (he is 15 now). Considering all of the complex
vocabulary within the word problems and overall pre and post test, Osmin

improved
« : significantly. In
: the
coursework,
Osmin’s
; vocabulary
| grew
: £ L substantially,

because he was
very interested
in the science
connections to
Algebra 1.
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A) Unit Bookends

2. Fieldwork to Air and Space Museum Quiz: The class visited the Smithsonian Air
and Space Museum to view the film, “Hubble 3D,” as a key connection to our
summer school Algebra 1 course theme. The film also tied well to the unit, Linear
and Quadratic Equations: Astronauts, Space, and Microgravity What a Unit!! After
we returned to the school from the fieldwork, the students completed a quiz on the
material that they learned. The following artifacts are from Reyna and Douglas.

uts wear the white suits in outer space to protect them from
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What is so
special about
the Hubble
Space
Telescope?
What has it
allowed us to do
that we couldn’t
do before?

Reyna: It gives
you an image of
what’s going on
in space. Stay
in space for
many more
time without
running out of
battery.

Douglas:
What’s so
special about
the Hubble
Telescope is
that it allows us
to see into the
distance of
space and
explore galaxies
that are
forming out in

1any miles to do you have to go above ea

r F The ast
T or F The NASA program has three trips to space

planned




B) Lesson 1: Patterns and Equations

1. Problem Solving Problem Entry Task: One of the secondary themes of the course
was problem-solving. The students completed challenging problems using a variety
of techniques, including drawings or patterns, at the start of each class period. We
would frequently discuss the problems and solutions in class. The students also
participated in engineering Fridays throughout the whole summer. Below is a
sample of Osmin’s problem from the beginning of the unit.

-—
|
T Mile Swim
|
B - T~
i y
- : 3 Lo~ e ™
B 2 Tiana and Shana are training for a mile swim. Each time they tried 1o get belier tmes. 1 he K
| the best time for cach of them was 70 minutes. Then Tiana had a best time of ules d week
67 the third week, 63 the fourth week and 64 the fifth week. Shana had 2 bes 9

second week, 67 the third week, 66 the fourth week, and 64 the [ifth wee
| who would have the best time after 12 weeks of training? Whal would that time be



B) Lesson 1: Patterns and Equations

2. Space Math “Variables and Expressions from Around the Cosmos”: The previous
unit was about solving equations. This Space Math problem was an opportunity for
students to practice evaluating equations in the context of our theme. We discussed
the vocabulary on the worksheets, and students shared out their answers and what
they thought their answers meant. We also looked for similarities amongst all of the
problems and found that they all had the same format: y = mx + b, or the format of a

linear equation.

Variables and Expressions from Around the Cosmos

LT 10
| can use
equations
in real life
situations.

Name

There are many simple mathematical formulae that astronomers use 10
describe different aspects of the universe and the physical world. (The above photo of
Saturn was taken by NASA's Cassini spacecraft from behind Saturn looking back
towards the Sun.)

Problem 1: Find, P, the length of Earth's day 500 million years in the future If P = 24
hours + 0,004 Y, where Y is the number of millions of years that have elapsed

Problem 2: Find the distance to the Andromeda galaxy in light years, L if its distance
in parsecs, P = 770,000 and L =3.26 P

Problem 3: Find the temperature, T, of a gas cloud emitting X-rays if the energy of the
X-rays is E = 12,000 electron Volts and T= 11800 E

Problem 4: Find the temperature in degrees Centigrade of the air at an altitude of 20
kilometers if H = 20 and T=25.0-65H

Problem 5: Find the diameter in kilometers, D, of a black hole with a mass of 10 times
thesunfD=56Mand M =100

Problem 6: Calculate the speed of sound, S, in meters/second for a temperature of T
= 200 Centigrade (that's 302 F), fS=331+06T

Problem 7: Calculate the sunspot number, N, if there are X = 15 individual sunspots
and Y = 10 groups of sunspots isN=X+11Y

Space Math http://spacemath.gsfc.nasa.gov

81
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B) Lesson 1: Patterns and Equations

3. Pattern Challenge Project: With this project, students each received a copy of the
Pattern Challenge Project worksheet. They chose 4 equations, and completed the
tables for the equations. They also created an “answer key.” After all students
completed their tables, they switched with one another, and determined the
equation from the given tables. When they finished, they can checked one another’s
work.

For this work sample, Osmin and Dalonte switched projects to check one another’s
work.

Osmin’s Work

Vlg
Pattern Challenge Project |7
Name: n Y = i Date
LT 12: 1 can recognize patterns and equations
| Problem 1: Problem 2:
X I v / BRI T
1 1 f
2 2
3 3 }
< —] & i iy Te) A X
5 b 5 >L) %8
| 2
|t '~
tion:y [ &
d 7
Problem 3: Problem 4:
X Y X ¥
L e 1 cy
2 2 =
3 3 ,
4 1 2! = 2
5 5 p
Equation: y= Equation:y = - \3a
X -LX +
[ <
] '
)~k
, 7
4 27
4

Pattern Challenge Project
Name: (/= s Date:
LT 12: I can recognize patterns and equations

Problem 1: Problem 2:

IFSEXIESI N ]

Problem 3: Problem 4:

Dalonte’s Project




C) Lesson 2: Rates and Slopes

1. Balloon Activity Notes: To start the class, we discussed rockets, balloons, and
fireworks. As a whole class, we will used a balloon on a string to figure out velocity
depending on how many breaths we put into the balloon. This activity was very
hands-on and it provided the students with a chance to learn about rates at an
introductory level. The students will did a mini-review of Newton'’s Laws of Motion
(from our previous unit on gravity), and talked about how rockets would be affected
by gravity. The following notes are from Osmin’s notebook. Osmin completed
amore in-depth version of this activity and used the velocity to make predictions.

|
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C) Lesson 2: Rates and Slopes
2. Space Math “Rates and Slopes An Astronomical Perspective”: Students worked
on the Space Math “Rates and Slopes: An Astronomical Perspective” problems in

small groups. Teacher assisted students who needed support, and encouraged peer-

teaching. Each student choses one problem to complete and answer. Reyna
presented her problem on global warming to the class, and Osmin presented his
problem on the speed of the galaxy to the class.

LT12 Rates Rates and Slopes: An Astronomical Perspective

) { WV (AN -
\/—)\v‘. :'\ (A UIUA l .L;
_and Slopes
ne:
Mowa Los Mantiy Mean Carbon Diowide
20 -
o -
00+ - NOA
T} :
7ot -
ks .
ot § {1965 . 329) T
30 H
1955 1865 1975 198 1955 2005
Hubble Diagram for Galaxies
g % (350,24000)
§ -/./‘
E 20.000 |- o A
P
= . &
3 10,000} el . ]
X.(100,5000)
N L A
100 200 300
Distance (mpc)
Annual Sunspot Number
150 -
T
2
£
2100 |
= F
A
N
& F
50 -
" 2001 2004 2007
Year

Space Math

>

P

A ‘rate’ is defined as the ratio of
two quantities which have different units
of measurement.

For example, if you travel in a car
200 kilometers in 2 hours, therate is R =
200 kilometers/2 hours or R = 100
kilometers/hour. You recognize this
particular rate as just the speed of the
carl Scentists work with other kinds of
rates as well,

Graphically, 2 rate is 2 measure
of the difference between two values
along the Y-axis, divided by the
difference between two corresponding

values along the X-axis. [t also
represents the slope of a curve plotted

on a graph.

For example, let's look at the top
graph to the left. It shows how the
amount of carbon dioxide in the
atmosphere is increasing between 1955
and 2005. The two points along the data
curve can be used to find the rate of
change of the carbon dioxide in time,
which is the slope of the line connecting
these two points.

The change along the X-axis is
just the difference '1995-1965" or +30
years. The difference along the Y-axis
corresponding to these same years is
just '360 ppm -320 ppm’ or +40 ppm. The
rate is then R = +40 ppm/+30 years or
+1.3 ppm/iyear.

Note that we have kept careful
track of the signs and units in the
calculations. This is because rates can
represent both increases (positive) or
decreases (negative) changes.

Problem 1 - Calculate the Rate
corresponding to the speed of the
galaxies in the Hubble Diagram. (Called
the Hubble Constant, it is a measure of
how fast the universe is expanding).

Problem 2 - Calculate the rate of

sunspot number change between the
indicated years.

http://spacemath.gsfc.nasagov
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3. Space Math: “Working with Rates” Students worked on the Space Math “Working

with Rates” problems. The students completed problems 1-9 either individually, or
(compound units and scientific notation). Both Osmin and Reyna advanced quite far

with a partner. The students focused on making sure that the units were correct for
with this task!!

each answer. As the students finished, they could move on to the next section

C) Lesson 2: Rates and Slopes
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C) Lesson 2: Rates and \&)

s bt i v N AL
4. Exit Ticket e

1. Find the rate and show all your work

Hours | Fences L\./\

3 1

6 2 —_—
9 3 —
o

— §

2. Find the slope by using t

o s
T
2 _®_
N

3. Find the slope between the two points:

(0,4) and (3,5) (3.-1) and (5,9)

Se | i
N St 5
e = T

-

)

/A
[ 3,9,
Gl

Rates of Change and Slope Exit Ticket

p %Muan_ Date: 2= 23~ &
1. Find the rate’and show all your work

(“Hours | Fences ) (Wours |
3 1 : 2
3 2 ‘Lg 4
9 3 _‘_’f_:_f__..___, 3
12 4 S o 8
~—— Ao S
-‘_$J -30
2. Find the slope by using “E:?’:_
L
T TR QT
1 b1y Sr= :r—?—
1 oy [ .. N
- 2] =2 0 =
. ....YA,_T ..+v. f‘.,,
A HEEE o
'Iz"'-"' TN mup!
o e ) (A==
3. Find thes!%’ﬁe‘étweenme;wo points: \ g
x' v e >’ an
(0,4) and (3,5) (3,-1) and (5,9)
; s el B
& — Y | S
T e = i
2 — Q = e



D) Lesson 3: Writing and Graphing Linear Equations
1. Guided Notes: The following images are from Reyna’s in-class guided notes.

_ Guided Notes
Topic 12: | can identify the slope and intercepts from an equation or graph and use these to graph

equations and write equations of lines__
Nmet _&‘m_éﬁ.uﬂ_smm o

Try Yourself and Show your work

i Anatomy of a Graph andEBquallon X i
Slope: Y aki0 0F Yise n-t;skecp-us; o aline A\ Dy E—Hr
Toun ) N
Yelntercept: Were The ar aplx "o rosgeg ‘4’0?&[3 N \\ Step, ngg,
. )ere, raph Crossesi \i ! e k7 o
the X-alkis etz I A 1
*~ nkercept N AN x
= d n 2 3,
() own 2 Bt
right 4k N 5
b=1 or (o,l) B i YA N
Graphing Lines ¥4 Q l \
SLOPE-INTERCEPT FORM: J 1r
+ mx+b ° 5 2)y= ,‘F 2R o
Ay Y~i s
: * %rf °
1) Find the y-intercept (0, _b_) = s ’0{ 3
2) Graph the y-intercept /—l ! O L’{ G 5 4 2 :
3) Identify the slope: m - 3 P —)
4) Draw the next point \*'1 74 3 i o
by using the slope : ot 7
B Slmnmthetwopolmsinwalineusinga d; ! gl
mmplwxo; £ 2
= 2
\ b - L+ 7
~
Identifying Slope-Intercept Equation from agraph: "
1) Determine the slope: m 3 4 ,A“’
2) Find the y-intercept: (0, _b_) \}-2 ] B Try Yourself and Show your work!! _____
-d
3) Plug in the slope and y-intercept N o P 1 .:n-:z. \:
into the equation 1—_ R EE 4i yr_’ix AloY ’ .
— bj'-zwfo ! =
Example 1; i3 bonus: what is the x-intercept? (%) : 3 X
m=_ 3 $ \
= i - 0 s
b= 2y &3\ \
X+ _CL 5 A 2 i 'y 7N
..... = : i
hon%wlla( is the x-intercept? _C, A i & +x ¥ ‘3 -5 v
- mm SIS SR 3 l i i
: 3 g 1/
ms= ) ~ t ]
‘ﬂr i N bonus: what is the x-intercep? 3, 5 7 4 -
Lo FEEEEN 3 3 — ; >
t PEERER A 3
y= on ‘vs 2 # “/ 2
bonus: what s the x-intercept? () ] i ‘[ :
45
2" |~
7 \L( fA‘ 3. m=3
AR i iy | fl%e
Example 3: 3 ; : yadxe— |
44 i ‘v
e l ' J i bonus: what is the x-intercept? \
~ [ B | i N -0 4
= o 3 ? ’
5 4 3 24, [ | ~ Yy R
yo L x+ _.3 2 T 5 4 3 1 e
. X 4




D) Lesson 3: Writing and Graphing Linear Equations

2. Centers: Students will worked in the 5 centers. They had 7-8 minutes on the
clock at each center, and they chose which centers to work at. After they completed
a center, they turned in the problem to the teacher, who will give them immediate
feedback so that they had an opportunity to correct their mistakes. The following
worKk is from Osmin.

Topic 12: Equations and Graphs
Center 3: Writing Equations of Graphs

Directions: Given the following graphs, write the equation of each line

y
1) o 2) > 3) —
= " : ‘
- Zu : - .
& -2
L 1 -4
T T |
M M .Il
1) 13 5) L Gl ook
12 - 2
A AN N
/ X |
- 2] 4 | |- [v)
! /’2 1—‘
.
N .
y<Xt2 / y
Ve
/)
(oY >

Topic ‘lZTEquations and Graphs
Center 4: Graphing Equations

Directions: Use your notes to graph each equation on a coordinate plane

1) y=x+3 2) ysdx-1
meZ m=

bz J bs -1

) y=-x+6 4) y=3x~-2
m==1 m=

b= ¢ b=

5) y=-5x+1 6) y=-7x~4
me=f m=___|

b=_2 b= -



=¥ ¢3
mz VT
1 T3l
B-3 (% 3)
X iateesept o 19,

1<4% -1

M= vP
1T i§tv

8- -1 (0‘ -‘l)

X- int€Cqft 1 0.2



D) Lesson 3: Writing and Graphing Linear Equations
3. Exit Ticket: The following is a copy of Dalonte’s Exit Ticket:

Date: o

et: T 12: G Lines with Intercepts
Name a 65%"

(8
Directions; Find the x and y intercepts and graph the equations é) .

1)zx+4y-s TTITT

& e

g WY

i o
L‘ "] " TR 1| 17
S g SEENENE- ¥E nE
-~ e —— / ‘ » i
e B -
7/ i P g7 . 18 ' %
- 3 —
T i i L1 i -+ ' }
F: < [TT1 N .
e i & I
i : + o bt
' i ‘1 Lodeed
g ,
N E

T4

kb &
-
S,

(1 &

4:/%;3
\‘)
(\

v ,:’, <
3) 6x+3y =12 bt

HHH ey ‘Sﬁ

XS e FERE

AI’

% p) xiy- 2
L )é)\ 2y 3 / _ : '

=9

&

w
4) 5x+3y=15

T e e

wirk

T ; 5/)(1@&);\1; 5(x
EERETEEEEES \&X:G
? S
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E) Lesson 4: Reading and Using Graphs
1. Practice Using Graphs to Relate Two Quantities:

4_] Standardized Test Prep

{ . !
VAR ) 5 Y i1

Date

Using Graphs fo Relate Two Quantities

Multiple Choice
For Exercises 1-3, choose the correct letter.

1. The graph shows your distance from the practice field as
you go home after practice. You received a ride from a
friend back to his house where you ate supper. You then
walked home from there. Which point represents a time
when you are walking home?

A A 8 B cC

D /I
ch table is related to the graph at the right?
B W (Time |

Time
) ;) )
1
2
3
a

Time ()

G [ " L

-

emp.
('F)
1
2
3
a

3. How are the variables related on the graph?
A. as speed decreases, height stay constant
B. as speed decreases, height increases
C. as speed Increases, height decreases
as speed increases, height increases

Short Response

X500y

YK

7

\—— e ————

Height

4. For the race you swim 1 mile, run 10 miles, and bike 25 miles.
Sketch a graph to represent the relationship. Label the axes with the
related variables. What arg the important points on the graph?

P e

Prentice Hall Algebra 1 * Teaching Resources
Copyrighn © by Pearson Ecucation, Ing, or its aMilates. Al Rights Reserved.



table, graphed the values, wrote the equation modeling the graph, and then used the

2. Word Problems and Patterns Project: Given a scenario, students completed the
equation to make predictions about their topic.

E) Lesson 4: Reading and Using Graphs
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F) Lesson 5: Using Linear Equations, Graphs, and Models to Save Astronauts!!

1. Suit Yourself Space Suit Sketches: The class brainstormed spacesuit components.
Each student had a specific job with the creation of a space suit. The students drew

the component of the spacesuit that they were responsible for, and shared it with

the class.

Exploring Space Through MATH

Appendix B

Brainstorm Your Spacesuit
Name: _ ISP Qa4 (o Date ‘1' Zq', ZPonod

You are a membeér of the NASA engineering team asked 1o design a spacesuit that can be used for
many Extra-Vehicular Activities (EVAs). A group of 4 cards, each representing a different job on the
team have been given to your group. Each member should select a card. It might be helpful to reread
the last paragraph of the Background

1. Write the job title on your card in the space below

2. Make a list of the components of your system and the purpose of each one
3. Explain how your system will work

4. Draw a picture of your spacesuit design on the astronaut

Job Title: E)Yea}hqblé- Air {:V@:rhﬁei BAE)

Suit Yourself: Fitted for Space

WWW.Nasa.gov




Exploring Space Through MATH

Brainstorm Your Spacesuit

|
Name: Laﬂ-v& Date: Period

You are a member of the NASA engineering team asked to design a spacesult that can be used for
many Extra-Vehicular Activities (EVAs). A group of 4 cards, each representing a different job on the
team have been given to your group. Each member should select a card. It might be heipful to reread
the last paragraph of the Background,

1. Write the job title on your card in the space below.

2. Make a list of the components of your system and the purpose of each one
3. Explain how your system will work

4. Draw a picture of your spacesuit design on the astronaut.

Job Title: ( )
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Exploring Space Through MATH

Appendix B
Brainstorm Your Spacesuit

Name: Date Period

You are @ member of the NASA engineering team asked to design a spacesult that can be used for
many Extra-Vehicular Activities (EVAs). A group of 4 cards, each representing a different job on the
team have been given to your group. Each member should select a card. It might be helpful to reread
the last paragraph of the Background

1. Wiite the job title on your card in the space below
2. Make a list of the components of your system and the purpose of each one.
3. Explain how your system will work
4. Draw a picture of your spacesuit design on the astronaut
Job Title n ! i (CTF)

Sult Yourself: Fitted for Space 1010

wWw.nasa.gov




F) Lesson 5: Using Linear Equations, Graphs, and Models to Save Astronauts!!
2. Suit Yourself Worksheets: The class worked on the math problems presented by
the Suit Yourself activity individually, in pairs, and as a whole-class group. The
problems are about the fact that astronauts can only work a certain number of
hours on the Space Station or Hubble Telescope because of a limit of oxygen. The
problems required students to write a linear equation for two astronauts’ oxygen
capabilities, and manipulate the equations. The work completed by the students is
of varied quality, given that this was the culminating activity. In retrospect,  would
have like to have been able to spend more time on this activity!
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Exploring Space Through MATH y

‘A o
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7 = 10 in your group and be sure to include units. Discuss

a;smn to be sure ;vo'yono understands and agrees on the solutions.

The Extra-Vehicular Activities (EVA) officer needs 1o ensure that each astronaut can complete
the seven hour spacewalk before their oxygen is depleted. Use the equations written in
questions 3 and 6 to show If each of the astronauts will be able to complete the seven hour
spacewalk before running out of oxygen
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. Use the equations ??Bm questions 3 and 6 to find the time it would take for each of the

astronauts to deplete all of their oxygen. Round to the nearest hundredth L\ 2 i )“ﬂfr’ﬂ*&- §
' : | | ) 1} )
) _\' e e p

'?+\.‘
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Unit Implementation

Student Reflection: The students completed a reflection about the “Linear and
Quadratic Equations: Astronauts, Space, and Microgravity What a Unit!!” unit prior
to our study, and after the study. Below, I have recorded student responses on the
concluding reflection.

1) What kinds of things can you use a linear function to do?

Douglas: You can use linear functions to calculate the distances from one point
to another

Dalonte: Rate of something, time, distances, etc...

2) What do linear equations have to do with science?

Douglas: Scientists can use them to calculate distance from a new planet to
another one.

Osmin: To predict the future and the past

Dalonte: You can use a linear equation to see the distance when astronauts fly

3) How do you think that science and math are connected?

Osmin: The math connected when the scientific make some maths to see the
predictions of an experiement.

Douglas: Math = science = reasoning

When math and numbers are used you get a reasonable and logical answer. If
someone doesn’t believe it you can back it up by showing your calculations and show
your proof. Math can be used to back up science and theories.

4) What do you know about linear functions?
Douglas: Line or equations that will always go straight.
Osmin: It’s a line that has a slope and a graph.
Dalonte: Linear equations have a slope and a graph.

5) What do you know about space suits?

Douglas: Space suits are very vital for people to go to space. It holds oxygen, AC
system, communication devices, protection from deadly space, and a personal
spaceship for a person.

Osmin: A space suit is on the aircraft that astronauts use in the space.

Dalonte: Space suits have air conditioning in it. They are heavy. They have a jet
pack.

6) What do you know about space?

Douglas: 1t’s like a huge vacuum and it can be very dangerous. Complex yet
wondrous.

Osmin: In the space no exist humans because there exist no gravity.

Dalonte: Space is cold and if you go out in space without a suit you would instantly
freeze or boil.



7) What do you know about space shuttle launches?

Douglas: That it takes massive amounts of fuel in order to break through the
atmosphere.

Osmin: The astronauts eat lunch in the space shuttles.

Dalonte: 1t’s how an astronaut goes to space.

8) What do you know about zero gravity? Or gravity in space?

Douglas: Gravity in space is very unstable. In many parts gravity in space is so low
that it allows you to float around freely and become weightless.

Osmin: Zero gravity is when we can’t feeling force of gravity. In space don’t exist
gravity.

Dalonte: Gravity is a force. Anything with mass has gravity. More mass = more
gravity.

9) What do you want to know about these things? What questions do you
have?

Douglas: 1s it possible to calculate or find out where does the universe end and when

or where does all the space end and what would happen if we or something was to run

on to it? Also what would happen if there is a bigger planet than us and the sun

would we be pulled by its gravitational pull or would we just float in space? If there

was a huge meteoroid bigger than the sun and it crashed, would it destroy the whole

solar system?

Osmin: 1 want to know who was the first person that thought about going to space?

How did humans discover space? Who created the first aircraft?



