GRADE 9-10 - CONTENT STANDARD #3, 9, 10

EXTENDED LESSON C

Permission Granted

Using Low-Tech Labs
to
Develop and Assess
Student Understanding
of Linear Functions

W. Tad Johnston

Orono High School

14 Goodridge Drive

Orono, ME 04473
tad.johnston@umit.maine.edu

[Source: Handout from W. Tad Johnston distributed at NCTM Conference]

A.88

\CDGOALS\Bk 9-12\Chp3\AA\Activities\Using Low-Tech Labs.doc e e s



Overview:

The labs used in this extended lesson are designed to be used at two times in a unit on equations and
graphs of linear functions. The first set of labs are designed as student explorations. The students
follow directions and answer questions as they make measurements, graph data and make qualitative
and some quantitative observations about the data. The results are used to motivate further study and
provide physical contexts to help students as they build understandings for slope and intercept. This

first experience also allows me to assess students' understandings and skills as they begin the unit.

In my class each group of students does a different lab. Each lab experience is designed to reinforce
the concept of constant rate of change as a requirement for a linear graph. In addition the labs are
designed to give meaning to ideas of y-intercept, positive and negative slopes, and how differences in
rates of change show up on graphs. Note: At this time students may not know any of these terms.

They are not needed at this time.

Each group makes a large graph (or uses an overhead sheet) that depicts their data. Each team gives a
short presentation. In whole class discussion we make generalizations about where lines cross the y-
axis and when lines go up and lines go down from left to right. A precise definition for y-intercept is

developed and a general definition for positive and negative slope.

The class then goes to the textbook and to other activities where they learn how to find and interpret
numerical values for slope, graph linear equations, find the equation for a line and for the equation of a
line through two points. They also learn to convert between slope-intercept and standard forms for
lines. In my classes | use the program "Green Globs and Graphing Equations” to allow students to

experiment with and develop skills in translating between graphical and symbolic forms.

The culminating experience for the unit is a second lab. These labs set up a physical situation to
model, but students do not have the same level of guidance as they did on the first lab. Students collect
data as a group, but everyone writes her or his own lab report. We usually develop the scoring rubric
for the lab as a class. | include one from a past class. | also give a traditional paper and pencil test for

the unit.
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Assessment of the Opening Lab Exercise for the Linear Equations Unit

The first lab of the unit is an introductory experience, but I do monitor students' behaviors and skills in

certain key areas. | use the checklist (categories shown) below.

Name X-y axes ok | uniform can plot line of best | participation | disposition | idea slope
scale used | points fit in group to do math | y-intercept

The checklist helps me focus on what students bring to the experience. | make sure they have good
skills graphing in the coordinate plane. One problem that often arises in plotting values on the x-axis
with spacing corresponding to the values collected rather than having a constant scale. Since line of
best fit is used later in the unit, it is important to know who already has that concept developed and
who doesn't. 1 also note who insists on putting all lines through (0,0) instead of the y-intercept
required by lab conditions (a hold over from earlier science classes). At the start of the unit I have just
"shuffled" student groups so it is important to know how groups are functioning. Labs don't appeal to
all students. | check disposition to monitor interest and decide who may need other activities. Slope
and y-intercept are big ideas of the lab. Reading student worksheets lets me know how each student is
doing and how successful the experience has been. The checklist helps me get the "big picture” and |

use it in planning future lessons for individuals, groups or the whole class.

The short presentation:

You need - three data tables and three graphs neatly done so everyone can see.

You need to be prepared to compare and contrast the three graphs and link them to the physical
situation. What causes graphs to go up or down? Where do they "start"? When do the points line up?
When do they not line up? Are there interesting points on your graph that have special significance?
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Algebra Lab Experience
Graphing with Raven

There is a Native American story about Raven who solves his thirst problems when other animals can't
by dropping pebbles into a well with a water level too shallow to drink from. As he adds pebbles, the
water level rises and soon he can drink.

Procedure:
TAKE CAREFUL MEASUREMENTS AND RECORD ALL DATA THROUGHOUT!!!
Part 1 - Using stones like Raven

1.

Fill the jar (we don't have a well) to the line with water. Measure the height of the water from the
desk top.

. Add a stone. Measure the new water level. Record. Add another stone. Measure the water level.

Record. Continue doing this until the water gets close to the top of the jar.
You should have a data table like: (it will have more points!!!)

# of stones water level in cm

. Make a graph of your data. Horizontal axis should be number of stones, vertical water level.

. Repeat the above procedure. This time use marbles. You may want to add more than one marble

at a time after a while.

. Repeat #2 with the marbles. This time measure the height to the top of the jar rather than the depth

of the water (think about it as how much farther the water level has to rise).

You now have three data sets and three graphs. How are they the same? How are they different?

Specifically:

A)

B)

Which graph(s) have points that look like they could all lie on a line?
Which graphs do not?
Why?

Which graphs go up from left to right?
Which go down from left to right?

What does this mean?
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C) Connect the dots on each graph. If they look like a line, sketch in a line that touches
most of the points.

Why shouldn't they have been connected to start with?

How does connecting the dots help?

D) Consider your second graph.
What causes the line to go up?

How much does it go up for each marble?

What is the significance of where the line crosses the y-axis? What does it tell you?

E) Consider your third graph.
What causes the line to go down?

How much does it go down for each marble?

What is the significance of where the line crosses the y-axis? What does it tell you?

Save this - you will be referring to it for a while. You will also do a short presentation
tomorrow on your findings.
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Algebra Lab Experience
Piling on the Blocks

In this investigation, you will return to your childhood and work with blocks. You will be adding
algebra to the experience. You can decide if it is more fun with or without the algebra!

Procedure:

TAKE CAREFUL MEASUREMENTS AND RECORD ALL DATA THROUGHOUT!!!
Part 1 - Piling like blocks

1. Start with the big block as a base. Record its height (this is the 0 block height) in cm.

2. Start adding blocks one at a time. Each time you add a block record the height of the entire stack.
You will end up with a data table like this:

# blocks height of stack

3. Make a graph of your data.
Horizontal axis should be number of blocks, vertical axis height of the stack.

4. Repeat the above procedure. This time use the set of mixed blocks. How is this different from the
first piling?

5. Repeat going back to all the same kind of block. This time measure the amount you need to add to
the stack to get 30 cm of height. (Think about needing a stack to stand on and how much you need
to add to get the needed height.)

You now have three data sets and three graphs. How are they the same? How are they different?
Specifically:
A)  Which graph(s) have points that look like they could all lie on a line?

Which graphs do not?

Why?
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A)  Which graphs go up from left to right?

Which go down from left to right?

What does this mean?

C) Connect the dots on each graph. If they look like a line, sketch in a line that touches most of

the points.

Why shouldn't they have been connected to start with?

How does connecting the dots help?

A)  Consider your first graph. What causes the line to go up?

How much does it go up for each block?

What is the significance of where the line crosses the y-axis? What does it tell you?

A)  Consider your third graph. What causes the line to go down?

How much does it go down for each block?

What is the significance of where the line crosses the y-axis? What does it tell you?

Save this - you will be referring to it for a while. You will also do a short presentation tomorrow on
your findings.
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Algebra Lab Experience
It's a Stretch!

In this lab you will be measuring the stretch of rubber bands as you add weights.

Procedure:
TAKE CAREFUL MEASUREMENTS AND RECORD ALL DATA THROUGHOUT!!!

Part 1 - Adding weights. Use the bag of mixed weights.
1. Measure the length of the rubber band and curtain hook. Measure to the bottom of the hook.
2. Add a weight, measure the new length of the rubber band. Record the length of the rubber band
and hook.
3. Repeat the process, adding one weight each time and measuring and recording each time. You will
have a data table that begins like this:
# of weights length of band in cm

0
1

4. Make a graph of your data. Horizontal axis should be number of weights, the vertical axis length.

Part 2 - Adding weights another way.
This time use the bag of identical weights. Repeat the steps of Part 1, but use the identical weights.

Part 3 - How far from the floor?
Repeat Part 1. This time measure the distance the weight is from the floor as the identical weights are
added. Think about this as how much length you have before you hit the floor.

You now have three data sets and three graphs. How are they the same? How are they different?
Specifically:
A) Which graph(s) have points that look like they could all lie on a line?

Which graph(s) do not?

Why?
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B)

C)

D)

E)

F)

Which graphs go up from left to right?
Which go down from left to right?

What does this mean?

Connect the dots on each graph. If they look like a line, sketch in a line that touches most of
the points.

Why shouldn't the dots have been connected to start with?

How does connecting the dots help?

Consider your first graph. What causes the points to go up?
How much does the length change for each weight?

Where does the greatest change occur? Why? What about the smallest change?

How is the second graph different from the first graph? Why is this?
What is the significance of where the line crosses the y-axis? What does it tell you?

What is the change in the length of the band for each weight added?

Consider your third graph. What causes the line to go down?
How much does the distance to the floor go down for each weight added?

What is the significance of where the line crosses the y-axis? What does it tell you?

Save this - you will be referring to it for a while. You will also do a short presentation tomorrow on
your findings.
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Algebra Lab Experience
Inside and Around

In this lab you will be measuring the perimeter of objects and the length of the longest segment
through the object. How are these two "values™ of objects related?

Procedure:
TAKE CAREFUL MEASUREMENTS AND RECORD ALL DATA THROUGHOUT!!!

Part 1 - Squares.
1. Take out your collection of squares.

2. For each square, measure the perimeter and measure the length of the longest segment through the
square. (What is this longest segment called?)

3. You will have a data table that looks like this:

longest segment perimeter

4. Make a graph of your data. Horizontal axis (x) should be the length of the longest segment in each
figure, the vertical axis (y) will be the perimeter.

Part 2 - Mixed figures.
This time use the bag of mixed figures.
Repeat the steps of Part 1, but use the mixed figures. Think about how things are different this time.

Part 3 - Circles.
Repeat the steps of Part 1 again. This time measure the diameter of the circles (the longest segment)
and the circumference (the perimeter) of the circles.

You now have three data sets and three graphs. How are they the same? How are they different?
Specifically:
A) Which graph(s) have points that look like they could all lie on a line?

Which graph(s) do not?

Why?
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B) Connect the dots on each graph. If they look like a line, sketch in a line that touches most of
the points.

Why shouldn’t the dots have been connected to start with?

How does connecting the dots help make a better graph?

C) Consider your graphs. What causes the points to "go up"?

For SQUARES about how much does the perimeter change for each cm increase in the
diagonal?

For CIRCLES about how much does the perimeter change for each cm increase in diameter?

D) How is the second (mixed) graph different from the first and third graphs? Why do you think
this happens?

E) Consider your graphs.

Think about the point (0,0). What would this mean in the context of this experiment?

Do you think the point (0,0) should be on your graphs?

Save this - you will be referring to it for a while. You will also do a short presentation tomorrow on
your findings.
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Algebra Lab Experience
Going for a Dipper

In this lab you will be measuring the depth of water as you add a constant amount of water to a jar.

Procedure:
TAKE CAREFUL MEASUREMENTS AND RECORD ALL DATA THROUGHOUT!!!

Part 1 - Filling a jelly jar.

1. Mark the point where the glass starts inside the glass. You want to take measurements of water
depth rather than water plus glass.

2. Add a full dipper of water to the jar. How deep is the water? Record.

3. Repeat the process, adding a full dipper of water each time and measuring and recording each time.
You will have a data table that begins like this:

# of dippers water level in cm
0 0
1

4. Make a graph of your data. Horizontal axis should be number of dippers, the vertical water the
height of the water level.

Part 2 - How much until it is filled?
Repeat Part 1. This time measure the height to the top of the jar rather than the depth of the water
(think about it as how much farther the water level has to rise).

Part 3 - A different jar.
This time Repeat Part 1, substitute the salad dressing bottle for the jelly jar.

You now have three data sets and three graphs. How are they the same? How are they different?
Specifically:
A) Which graph(s) have points that look like they could all lie on a line?

Which graph(s) do not?

Why?
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B)

C)

D)

E)

F)

Which graphs go up from left to right?

Which go down from left to right?

What does this mean?

Connect the dots on each graph. If they look like a line, sketch in a line that touches most of
the points.

Why shouldn't the dots have been connected to start with?

How does connecting the dots help?

Consider your first graph. What causes the line to go up?

How much does the water level go up for each dipper of water added?

What is the significance of where the line crosses the y-axis? What does it tell you?

Consider your second graph. What causes the line to go down?

How much does the distance to the top go down for each dipper of water added?

What is the significance of where the line crosses the y-axis? What does it tell you?

Describe what happens to the behavior of the third graph compared to the shape of the salad
dressing bottle.

Save this - you will be referring to it for a while. You will also do a short presentation tomorrow on
your findings.
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Algebra Lab Experience
Piling on the Blocks Version 2 or Mass Appeal

In this investigation you will be working with pattern blocks. You will be exploring changes in mass
as you add blocks to a container.

Procedure:
TAKE CAREFUL MEASUREMENTS AND RECORD ALL DATA THROUGHOUT!!!

Part 1 - Weighing Mixed Blocks.
1. Place the weighing container on the balance. Record this mass as the 0 block mass.

2. Start adding blocks one at a time from the "mixed block™” bag. Each time you add a block record
the mass of the entire pile plus holder. You will end up with a data table like this:

# blocks mass of pile

(keep going...)

3. Make a graph of your data.
(Note: It would be good to use the same scale on each graph you do.)
Horizontal axis should be number of blocks, vertical axis mass of the pile and container.

4. Repeat the above procedure. This time use the set of triangles. How is this different from the first
piling?

5. Repeat going back to all the same kind of block. This time use the yellow hexagons. How is this
different from the previous pilings?

You now have three data sets and three graphs. How are they the same? How are they different?
Specifically:
A) What graph(s) have points that look like they could all tie on a line?

Which graph(s) do not?

Why?
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Lab Report Components - 80 points of Test (Scoring Guide)
1. Question stated and method described.
15 points Question clearly stated - 5 points

A person could do the lab using only your directions - 7
Legible, grammatical, good spelling - 3

2. Data collected into a table.

10 points
x (independent variable) and y (dependent variable) identified 2 points
proper units given 3 points
accurate records 3 points
clear and easy to read 2 points

3. Scatterplot created for data.

10 points
title and labels (1) axes match x, y above (2) axes scale reasonable (2)
accurate points (3) neatly done, clear and crisp (2)

4. Line of best fit plotted and explained.
10 points
line reasonably matches trend of data and is a line (6)
explanation of line placement is complete and reasonable (4)

5. Equation for line of best fit written.

10 points
A correct equation is given. Slope (3), y intercept (3)
Explanation of method, showing work (4)

6. Explanation of slope and intercept given. What are the physical realities that these
numbers model?
10 points
Clear explanation of the slope (5) Clear explanation of y-intercept (5)

7. A question is asked and answered using this math method.
8 points
e.g. What will x be wheny is ___ (of course, put in your variables)?
Clear question (2) Correctly answered (2) Work clearly shown (2) Question is interesting and/or there
is a description as to why this is important to know (2)

8. Limits of the model (equation) are discussed. Where does it work, where does it not
work?

7 points Limits are clearly stated - what is the range of good values for x in this model (4)
Reason why is clearly stated (3) A 102
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Downhill Racers

Teaching Notes
Equipment: marbles or small toy cars, 1 per group
If the floor is bare, use toy cars. Number them and be sure they roll
freely. If the room is carpeted, use marbles.
ramps of varying lengths, 15"-22"
Number the ramps. If they are made from slats of wood, bevel the down-
hill end. Vinyl gutters are inexpensive, most building-supply stores will
cut up a 10-foot length for you. A hacksaw cuts the vinyl well.
blocks, books, or another material to raise the ramps
yardsticks, 1 per group

graph paper, 1 sheet per student

Procedure: In this experiment, the independent variable is the vertical distance and the dependent
variable is a horizontal distance. Students should develop a systematic procedure to determine the
effect of ramp height on rolling distance.

The "best" measurement in this experiment will be the farthest the car traveled for the given ramp
height.

[Adapted from Algebra Experiments I: Exploring Linear Functions by Mary Jean Winter and Ronald
Carlson. © 1993 by Addison-Wesley, published by Dale Seymour Publications, an imprint of Pearson
Learning, a division of Pearson Education, Inc. Used by permission.]
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Field of View

When using binoculars or a telescope it is important to know how wide your
field of vision is when you are looking at something. If you are scanning the
horizon for birds, a wide field of vision will help you search more
effectively. In this lab you will not be using optics, you will be using a
cardboard tube; but you will be exploring field of view.

The question is, "How does the diameter of the circle you see through the tub
change as you get farther away from (or closer to) what you are looking at?
What you will do is hold the tube to your eye, look through it, measure how
far you are from the wall and the diameter of the circle you can see on the
wall.

Procedure suggestions:
1. Find a blank wall to use as the site you are looking at.

2. Measure the distance from the end of the tube away from your eye to the
wall as your distance.

3. Figure a way to use your group members to help you measure the

diameter of your field of view in an efficient way. Be sure to include this
method in your write-up!
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Experiment 10
Walking the Plank

Teaching Notes

Equipment: bathroom scale, 1 per group
Number the scales.

plank or board, 2" thick by 6" wide and at least 7' long, 1 per group
Number the planks.

yardstick or tape measure, 1 per group

graph paper, 1 sheet per student

Procedure: Have groups put one end of the plank on the scale (in the middle of the scale). Support the
other end of the plank with a brick or a block of wood about the same height as the scale. Explain that
one student will stand on the plank, and the other will measure the distance to the scale end of the
plank and record the weight. Remind the groups that the same student must walk the plank for the
entire experiment.

Make sure students are consistent when measuring the distance from their feet to the scale end of the
plank (for example, always measure from the left foot).

[Adapted from Algebra Experiments I: Exploring Linear Functions by Mary Jean Winter and Ronald
Carlson. © 1993 by Addison-Wesley, published by Dale Seymour Publications, an imprint of Pearson
Learning, a division of Pearson Education, Inc. Used by permission.]
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An Arm Or A Leg?

Which is the better predictor of height, the length of someone's arm from tip
of elbow to wrist or from center of kneecap to ankle bone? You will need to
know the height and arm measure and leg measure for several of your
classmates. Be sure to keep track of what height goes with each arm and
each leg measure. You may want to set up your data table by name. In this
lab you will need to do double graph duty. You will need to graph height as
a function of "leg" length and height as a function of "arm" length. Look at
the graphs. Decide whether arm measure or leg measure is a better predictor
of height. Tell why you made the choice you did. Once you decide on the
best choice, do the rest of the lab write-up for that measure. Think about
finding a bone and being asked what height the person was. Which bone
would give you better information and what equation would you use to make
your prediction of height based on bone length?
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Over (Your) Head?
As you know, the overhead projector in our classroom is far from perfect.
This is your chance to create a math model for its projection capabilities.
Here's the question:

How does the length (in focus) of a 5 cm pre-image change as you change
the distance the overhead projector is from the wall?

The pre-image is the 5 cm line drawn on the overhead flat glass pane. In
your lab procedure, be sure to tell how you will measure the distance from
the wall to the overhead projector.

Distance 0.5m 1m 1.5m 2m 2.5m 3m 3.5m 4m
from
Wall*
Image 6.8cm | 13.2cm | 19.5cm | 26.6cm | 34.0cm | 43.2cm | 52.3cm | 59.2cm
Size
Distance 4.5m 5.0m 5.5m 6m
from
Wall*
Image 67.2cm | 75.5cm | 83.4cm | out of
Size going focus
out of
focus

*Distance is measured from the front of the overhead to the wall.

[ ]

“—>
distance
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Hot Time

How fast does water heat in a hot pot? Is there a linear model that you can use to make
predictions about the rise in temperature as time goes by?

BE VERY CAREFUL AROUND THE HOT WATER!!!

Get a hot pot, a quart of water, eye protection and a thermometer. Record the
temperature of the water. This is the temperature at time zero. Plug the hot pot in
and/or turn it on. Keep track of the time and take the temperature every so often
recording elapsed time and temperature (you decide on a plan). This will give you data
for your graph and linear model. What is the independent variable (x) and what is the
dependent variable (y)? You might want to watch the water closely. The behavior of
the water may be important to changes in the rate of temperature change. After the
water has boiled for a bit you will probably want to stop.

BE VERY CAREFUL AROUND THE HOT WATER!!!I
Teacher notes:

A small board with a hole drilled in it makes a good thermometer holder. If the hot pot
Is placed on a table, it can be quite safe. Eye protection should, however, be supplied!
This lab is quite nice because the temperature goes up in a quite linear fashion until
about 85 degrees Celsius when bubbles start to form and energy is going into change of
state as well as increase in temperature. If the thermometer is accurate the temperature
will not go above 100 degrees no matter how long it boils! If you want to model the last
lab experience for the class before they do their own, this would be a good one. The
limits of the model (especially in terms of the domain where the relationship is linear)
are easily discussed. Students can also design a question like, "How long would it take
the temperature to go from 25 degrees to 75 degrees," that uses the model.
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