Title: Surface Area and Volume Ratiosin Cells
Brief Overview:

Thisunit is an integration of important geometry, biology, and technology skills. The
students will be using spreadsheet programs to solve problems relating surface areato
volumeratios. Students will use cell models to observe the effect of increasing surface area
to volume ratios on cell growth and functioning.

Linksto NCTM Standards:

e Mathematics as Problem Solving
Students will demonstrate the ability to use problem-solving approaches to investigate
surface area and volume of cubes.

e Mathematics as Communication
Students will communicate mathematical ideas about volume, surface area, and their ratios
in aperformance task assessment. Thefinal |ab report gives the opportunity for studentsto
reflect and clarify what they have learned about volume, surface area, and their ratios.

e Mathematics as Reasoning
Studentswill reinforce logical reasoning skills by comparing and contrasting different
surface areato volumeratios.

e Mathematical Connections
Students will use and val ue connections between mathematical topics and other disciplines.

e Algebra
Students will be ableto use tablesand graphs as tools to interpret expressions and
equations.

e Functions

Students will model real-world phenomenawith a variety of functions, and will represent
and analyze rel ationships using tables, equations, and graphs.

e Geometry from a Synthetic Perspective
Students will demonstrate the ability to interpret and draw 3 dimensional objectsand
represent problem situations by making geometric models.

e Discrete Mathematics
Students will represent and anayze graphs and algorithms.

Linksto Science Standards:

e Processes of Science
Students will be ableto describe observations and draw conclusionsby collecting,
organizing, and analyzing data.

e Applications of Science
Students will describeto others how scientific information was used to solve problemsand
make decisions.



Linksto Maryland High School Mathematics Core Learning Goals:

e1.1.1
The student will recognize, describe, and extend patterns and functional relationships that
are expressed numerically, algebraically, and geometrically.

©1.1.2
The student will represent patternsand functional relationships in atable, as agraph, and/or
by mathematica expression.

©2.1.2
The student will identify and verify propertiesof geometric figures using conceptsfrom
algebra and using the coordinate plane.

©2.3.2
The student will use techniques of measurement and will estimate, calculate, and compare
perimeter, circumference, area, volume, and surface areaof two-and-three-dimensional
figuresand their parts. Theresults will be expressed with appropriate precision.
©3.1.1
The student will design and/or conduct an investigation that uses dtatistical methodsto
analyze dataand communicate results.
Grade/Level:
Grades 9-12
Duration/Length:
Three to four ninety minute periods (variable)
Prerequisite Knowledge:
Students should have working knowledge of the following:
e Using a spreadsheet
e Constructing and comparing ratios
e Using formulasto determine the surface area and volume of a cube
Objectives:
Students will be ableto
e compare increasesin the volume of a cube with the increases in surface area as the length
of aside increases.
o explain the relationship of volume and surface area of acell to the diffusion of life-
sustaining materials.
e Use a spreadsheet to generate, display, and analyze numerical data.
M aterials/Resour ces/Printed Materials:
Materials for Day 1:

o Nets (patterns) for cubes, tape, and scissors



e Lab materials (agar blocks, sodium hydroxide solution, 250 ml beakers, rulers, plastic
spoon, plastic knife, paper towels: see Day 2 Activity 2 for more details)
e Lab direction and analysis sheet

Materials for Day 2:

e “Spreadsheet Introduction” Worksheet for students, Computers and spreadsheet program
(Microsoft Works, etc.)

e Activity 2: “Observing Changing Areas in Rectangles with the Same Perimeters’
Worksheet

e “Surface Areato Volume Ratio Using a Spreadsheet” Worksheet

Materials for Day 3:

o Assessment for unit
o Extension activities (optional)

Development/Procedur es:

Time references will be for ninety-minute periods throughout this unit. During this unit
students will use a spreadsheet program to compare increases in the volume and surface
areaof cubesasthelength of asideincreases. They will then explain the diffusion of
material s through a cell in terms of the relationships that they observed. In the first class,
students will work in groups of four to create different sized cubes from nets (patterns), in
order to develop formulas and to relate surface areato volume in three-dimensional objects.
After abrief introduction to cell biology, students will work with their groups to make
observations of the diffusion of NaOH through agar cubes of varying sizes. They will then
use their data to explore the relationship between surface area, cell volume, and diffusion of
materials through cells. The second class will introduce spreadsheet use with an exercise
for the students to plot the area of a square as the length of aside increases. Students will
work with a partner to explore different types of graphs with the same data and investigate
a perimeter/area maximization problem on the spreadsheet.

Extension/Follow Up:

Refer to following student extension exercise.
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Student Extension Exercise: Visualizing Changes

1. Imagine a perfect cube, 4 cm on each edge.

a) What would be the surface areaof that cube?

b) What would be its volume?

Suppose that cubeis cut in half, forming two equal prisms.

¢) What would be the surface areaof each half?

d) What would be their combined surface area?

e) What isthevolumeof each half?

f) Whatisthetota volume?
2. Imagine a perfect wooden cube, 5 cm on each edge.

a) What would be the surface areaof that cube?
b) What would be the volume of the cube?

3. Supposeit is possible to cut out and remove a core from that cube. (The core would be one
centimeter square on the top and bottom and five centimeters deep.) Now the coreless cube
will beimmersed in paint, so that every surface will be painted.

a) What will be the areato be painted?
b) Whatisthevolumeof the block now?

4. Imagine that you have a pile of 27 cubes, each one measuring 1 cm on each side. They must be

arranged so that each cube has at |east one side against the side of another cube (not just edges
touching, or any other less-than-a-full-side contact).

a) Sketch an arrangement that will have the greatest possible surface area.

b) Sketch an arrangement that will have theleast possible surface area.

5. Fred has noticed that jack rabbits found in desert areas have very long ears, while Arctic
Hares have much shorter, rounder ears. He thinks the difference has to do with heat |oss from
surfaces. Expand upon his idea using what you know about the shape of an object and how
that affectsits area



Day 1
Investigating Surface Area and Volume Using Cells
Student Response Sheet

Drill/Warm-up

1. Find the perimeter and areaof asquare with sidelength2 cm.
2. Find the perimeter and areaof asquare with sidelength4 cm.

3. Express dl ratiosin simplest form:

a. Findtheratioof thefirst side lengthto the second side length.
b. Find theratio of thefirst perimeter to the second perimeter.

c. Findtheratioof thefirst areato the second area.

4. Mathematically, how does theratio of the sides of the squaresin numbers 1 and 2 relate
to theratio of their perimeters and to the ratio of their areas?

5. All squares are smilar (congruent corresponding angles and proportional corresponding
sides). Does your answer to problem 4 apply to al squares? Justify your answer by
comparing the square in problem 1 with a square different from the square in problem 2.
(Repeat the steps in problems 3 and 4 with the new square.)

6. Bonus: Rectangles are smilar if their corresponding sides are proportional. For
instance, a2 cm by 3 cm rectangle is similar to a4 cm by 6 cm rectangle because the ratio
of their corresponding sidesis 1:2 (it isin the same shape and with corresponding angles
congruent). Does your answer to problem 4 still apply to these similar rectangles? Show
the perimeter, area, and ratios to justify your answer.

Discovery of the formulas for surface area and volume of a cube.

1. Look at thiscube. Explaininwords how to find the surface areafor acube. Use your
explanation to write aformula.

DHAN




2. Explaininwords how to find the volume of acube. Use your explanation to write aformula.

Bonus:

3. Look at thisrectangular prism. Explain in words how to find its surface area. Use your
explanation to write aformula.

4. Explainin words how to find the volume of the prism. Use your explanation to write a
formula.



Nets (Patterns) for Cubes

Activity 1
To explore the surface area and volume formulas for a cube, you are to cut out and tape the
following two-dimensional versions of cubesinto three-dimensional versions:







Now, using the formulas for surface area and volume of a cube, fill out the following for each of
the cubes that you constructed:

Sidelength SurfaceArea  Volume

Cube 1 2cm
Cube 2 4.cm - -
Cube 3 lcm - -
Cube 4 3cm

1. Compare the first cube to the second cube to find the following ratios (remember to aways
express ratios in simplest form): a. side lengths; b. surface areas; and c. volumes.

2. Compare the third cube to the fourth cube to find the following ratios (remember to always
express ratios in simplest form): a. side lengths; b. surface areas; and c. volumes.

3. Compare thefirst cube to the fourth cube to find the following ratios. a. side lengths; b. surface
areas, and c. volumes.

4. Use your results from numbers 1, 2, and 3 to generalize the ratios of side lengths, surface areas,
and volumes you would expect for two cubes with side lengths aand b.

5. Bonus: Rectangular prisms are similar if their bases are similar and corresponding sides are
proportional. For instance, a1l cm by 2 cm by 3 cm rectangular prismissimilar toa2 cm by 4 cm
by 6 rectangular prism because their bases are similar and the ratio of their corresponding sidesis
1:2 (it isthe same shape). Does your answer to problem 3 still apply to these ssimilar rectangul ar
prisms? Show the surface area, volumes, and ratios to justify your answer.



Day 1
TEACHER NOTES

Investigating Surface Area and Volume Using Cells
Drill/Warm-up
1. Find the perimeter and area of a square with sidelength2cm. 8 cm, 4 cm?2
2. Find the perimeter and area of asquare with sidelength4cm. _16 cm, 16 cm?2
3. Find theratio of the first side length to the second side length. Find the ratio of the first
E‘_e_rAiL meter to the second perimeter. Find theratio of thefirst areato thesecondarea. 1.2, 1:2,
4. How in amathematical way does the ratio of the sides of the squaresin numbers 1 and 2 relate

to the ratio of their perimeters and to the ratio of their areas? Theratio of the perimetersis
the same astheratio of the side lengths, but theratio of the areasisto the square

5. All squares are similar (congruent corresponding angles and proportional corresponding sides).
Does your answer to problem 4 apply to all squares?

6. Bonus: Rectangles are similar if their corresponding sides are proportional. For instance, a2
cm by 3 cm rectangle is similar to a4 cm by 6 cm rectangle because the ratio of their corresponding
sidesis 1:2 (it isin the same shape and with corresponding angles congruent). Does your answer
to problem 4 still apply to these similar rectangles? Show the perimeter, area, and ratlos to justify
your answer. Yes, sideratio 1:2,

Discovery of the formulas for surface area and volume of a cube.
1. Look at this cube. Explaininwords how to find the surface areafor acube. Use your
explanation to write aformula.

SA. = 6e2
2. Explaininwords how to find the volume of a cube. Use your explanation to write aformula.

| [ . | | il insid
V = e3

Bonus:
3. Look at thisrectangular prism. Explain in words how to find its surface area. Use your
explanation to write aformula.




4. Explain in words how to find the volume of the prism. Use your explanation to write a
formula.

| { unit cul hat fill nsid
V = lwh

Activity 1. Nets (Patterns) For Cubes
TTT: Remind students to simplify all ratios.

To explore the surface area and volume formulas for a cube more, students are to cut out and tape
the following two-dimensional nets of cubes into the three-dimensiona versions:

Now, using the formulas for surface area and volume of a cube, fill out the following for each of
the cubes that you constructed:

Sidelength Surface Area Volume

2cm 24 cm gcm
4cm 96 cm _64 cm
lcm 6ecm lcm
3cm 54cm 27 cm

1. Compare the first cube to the second cube to find the following ratios. side lengths; surface
areas; and volumes. 1:2, 1:4, 1:8

2. Compare the third cube to the fourth cube to find the following ratios: side lengths; surface
areas; and volumes. 1:3, 1:9, 1:27

3. Compare thefirst cube to the fourth cube to find the following ratios: side lengths; surface areas;
and volumes. 2:3, 4:9, 8:27

4. Use your results from numbers 1, 2, and 3 to generalize the ratios of side lengths, surface areas,
and volumes you would expect for two cubes with side lengths aand b. The ratio of the
surface areasisto the sq

5. Bonus: Rectangular prisms are similar if their bases are similar and corresponding sides are
proportional. For instance, a1l cm by 2 cm by 3 cm rectangular prismissimilar toa2 cm by 4 cm
by 6 rectangular prism because their bases are similar and the ratio of their corresponding sidesis
1:2 (it isin the same shape). Does your answer to problem 3 till apply to these similar rectangular
prlsms’? Show the surface area, volumes, and ratiosto | ustlfy your answer.



Day 1
Activity: 2
Investigating Surface Area and Volume Using Cells

L Big I | \nformation:

Approximately 100 trillion cells make up your body, so just imagine how small each cell actually
is. If you wereto line up 1000 of these cells, they would total less than 2 cm in length.
Why can’t cells continue to grow larger and larger? Is bigger better? Why are most cells, no
matter what the size of the organism, microscopic in size? What happens when acell grows larger
and what causesit to divide?

These questions can be answered because of a process called diffusion. Diffusion isamajor
transport mechanism for moving substances into and out of the cell. Diffusion occurs passively
(meaning that it does not require energy) through the cell membrane. Therefore, if cells were too
large, they could not efficiently absorb materials or excrete wastes through the process of
diffusion. If acell doubled in size, it would require more nutrients and would have to excrete
morewaste. Otherwise, the lack of nutrients and build up of wastes would lead to cell death by
starvation or poisoning. Thisinvestigation will allow you to observe the changing relationship of
surface area - to - volume for agrowing cell. In order to investigate this relationship we will be
using agar blocks as models of cells.

Phenol phthalein is abiological indicator that reacts with a basic solution such as sodium hydroxide
(NaOH). The phenolphthalein will turn pink when mixed with NaOH. The NaOH diffusesinto
the agar cubes at an equal rate for each cube, but because of differing volumes, the results will not
appear the same.

Investigating Surface Area and Volume Using Cells

Materials: (per lab group)

e 1cm3, 2cm3; 3 cm3 phenolphthalein agar blocks( see teacher sheet for
preparation instructions)

100 ml of 0.4% sodium hydroxide (avoid contact with skin or eyes)

250 ml beaker

mm ruler

plastic knife

plastic spoon

paper towel

Procedure: (Part A)

1. Pick up threeagar cubes(1 of eachsize- 1 cm3, 2cm3, 3cm3) Think of the cubes as
large models of microscopic cells.

2. Placethe cubesin the beaker and pour in enough NaOH to cover them.

3. Allow the setup to stand for the next 10 minutes. Duringthistime be sureto
occasionally swirl the NaOH solution but be careful not to scratch or cut the surface of
the cubes.

4. Whileyou arewaiting for resultsin part A, answer the questions listed under
Discussion 1.



1. If the pink color represents food, which of your 3 model cells do you think would be getting
the best food supply? Explain.

2. Do you think that the cell with the greatest total surface areawill do the best job of moving
material in and out of the cell? Explain.

3a. Calculate the total surface area of each of your 3 models.

l1cm 2¢cm
3cm

3b. Which cell hasthe greatest surface area?

4a. Calculate the volume of each cube.

l1cm 2¢cm
3cm

4b. Do these calculations change your answer to question #2? Why or why not?




Procedure: ( Part B)

1. Attheend of 10 minutes, takeyour beaker to thesink. Carefully pour off the NaOH
solution and rinse the agar cubes with water. Using plastic spoons, remove the agar cubes
from the beaker, place them on a paper towel and blot them dry.

2. Using aplastic knife, cut the cubesin half and examine and compare their inside
appearance. Using the mm ruler, measure the depth of the colored zones for each cube and
record your data. Sketch each cube to show the color changes.

3. After you have madeyour observationsand recorded your data, be sure to clean up your
lab area and properly dispose of your agar cubes.

Data:
1. 1 cmcube (Sketchto show color change.)

Depth of color change:

2. 2cmcube  (Sketchto show color change.)

Depth of color change:

3. 3cmcube (Sketchto show color change.)

Depth of color change:

Discussion #2

1. Anything that the cdll takesin, likeoxygen and food, or letsout, such as carbon
dioxide, must go through the cell membrane. Which geometric calculation best represents
how much cell membrane the models have?

2. What similarities did you notice when you measured the colored zone of each cube?

3. Asthecell growslarger and gets more cell content, will it need more or less cell
membrane to survive?

4. How do your observations and calculations relate to the questions of why cells are
usually very small?




Day1
Teacher Notes
Activity: 2
Investigating Surface Area and Volume Using Cells

L Big I | \nformation:

Approximately 100 trillion cells make up your body, so just imagine how small each cell actualy
is. If you were to line up 1000 of these cells, they would total less than 2 cm in length.
Why can’t cells continue to grow larger and larger? I's bigger better? Why are most cells, no
matter what the size of the organism, microscopic in size? What happens when acell grows larger
and what causesit to divide?

These questions can be answered because of a process called diffusion. Diffusion isamajor
transport mechanism for moving substances into and out of the cell. Diffusion occurs passively
(meaning that it does not require energy) through the cell membrane. Therefore, if cells were too
large, they could not efficiently absorb materials or excrete wastes through the process of
diffusion. If acell doubled in size, it would require more nutrients and would have to excrete
morewaste. Otherwise, the lack of nutrients and build up of wastes would lead to cell death by
starvation or poisoning. Thisinvestigation will allow you to observe the changing relationship of
surface area - to - volume for agrowing cell. In order to investigate this relationship we will be
using agar blocks as models of cells.

Phenol phthalein is abiological indicator that reacts with a basic solution such as sodium hydroxide
(NaOH). The phenolphthalein will turn pink when mixed with NaOH. The NaOH diffusesinto
the agar cubes at an equal rate for each cube, but because of differing volumes, the results will
not appear the same.

**%* |f you are not going to conduct the experiment, you can still use the following information to
complete the rest of the activity with the exception of altering afew discussion questions.

When students cut into the agar cubes, the center will not have picked up the stain. Thisindicates
that the NaOH will not have diffused all the way through the block. The larger the block of agar,
the greater the unstained area. In the lab you would see that the NaOH stain(pink) is the same
thickness for al three cells, but you would aso observe that the large cell still hasalarge regionin
the center that did not turn pink. Thisthen indicates the importance of cell size in the diffusion of
substance.

Investigating Surface Area and Volume Using Cells

Materials: (per lab group)

e 1cm3, 2cm3, 3 cm 3 phenolphthalein agar blocks( to make this you will need
to mix 20g agar with 1 L of water. Bring thisto a bail, stirring continuously.
Let the mixture cool, but before it solidifies add 1g phenol phthalein powder for
each liter of water. If the mixtureis pink, ad afew drops of dilute HCL until the
pink disappears. Pour mixture into arectangular flat pan that isalittle over 3 cm
deep. Onceit has solidified, cut the agar into 1x1x1, 2x2x2, 3x3x3 blocks.)

e 100 ml of 0.4% sodium hydroxide (To Make, add 4 g NaOH to 1000 ml
distilled water)



mm ruler
plastic knife
plastic spoon
paper towel

Procedure: (Part A)

1. Pick up threeagar cubes(1 of eachsize- 1 cm3, 2.cm3, 3cm3) Think of the cubes as
large models of microscopic cells.

2. Placethe cubesin the beaker and pour in enough NaOH to cover them.

3. Allow the setup to stand for the next 10 minutes. During thistime be sure to
occasionally swirl the NaOH solution but be careful not to scratch or cut the surface of the
cubes.

1. If thepink color representsfood, which of your 3 model cellsdo you think would be
getting the best food supply? Explain.  Any defendable hypothesisis acceptable

2. Doyou think that the cell with the greatest total surface areawill do the best job of
moving materid in and out of the cell? Explain?
Y es. Materials move in and out of the cell through the surface or membrane

3a. Cdculate thetota surface areaof each of your 3 models.

1cm=6cm? 2cm =24 cm?2
3cm= 54 cm2

3b. Whichcdl has the greatest surfacearea? 3 cm -cube

4a. Cdculate the volumeof each cube.

1cm=1cm3 2cm= 8cm3
3cm=27cm3

4b. Do these calculations changeyour answer to question#2? Why or why not?
Students may modify predictions depending on their initial hypothesis.

Procedure: ( Part B)

1. Attheend of 10 minutes, takeyour beaker to thesink. Carefully pour off the NaOH
solution and rinse the agar cubes with water. Using plastic spoons, removethe agar cubes
from the beaker, place them on a paper towel and blot themdry.

2. Using aplastic knife, cut the cubesin half and examine and compare their inside
appearance. Using themm ruler, measurethe outer colored zones of each cube and record
your data.

3. After you have madeyour observations and recorded your data, be sure to clean up your
lab areaand properly dispose of your agar cubes.



Discussion #2

1. Anything that the cdll takesin, likeoxygen and food, or letsout, such as carbon
dioxide, must go through the cell membrane. Which geometric calculation best represents
how much cell membrane the models have? Total Surface Area

2. What similarities did you notice when you measured the colored zone of each cube?

Thepink zoneisthe same thickness on all cubes

3. Asthecdl grows larger and gets more cdl content, will it need moreor less cell
membrane to survive?
1€ CEe11 NeeAS MOIre Memoranein orde

4. How do your observationsand calculations relate to the questions of why cellsare
usually very small?



Student Response Sheet
Introduction to Spreadsheets

Activity 3:
column B entry bar menu/tool bar
R.""éﬂﬁ g(j)kfned l formula highlighted cell

ﬁ File Edit Uiew Insert Format Tools |Window

SRS 5 aie v 4 EBE] = e %8l —

D3 =B4=*$E53 —

[I=——= Sample Spreadsheet (§8) =———0I=
a1 'B C ]

1 This i3 a sample spreadsheet ﬁz
2 Data =
3 4 1568
4 1892
9
row 4
1 Each cell of a spreadsheet may contain one of thefollowing types of information.

QL

Q2.

Q3.
Q4.

Text: “Thisis asamplespreadsheet *

Numbers; “1892"

Formulas;, “=B4$B%$3"

Theletters namethe columns. The numbers nametherows

|dentify acell that displaystext.

Alwaysstart aformulawith “=" (Do not typethe quotes). Y ou must follow the order of
operations.

|dentify acell that uses aformula.

Therearetwo types of cell references. relative and absolute.
Relative Reference: automatically adjusts cell reference
Absolute Reference: identifies aspecific cell using “$”

|dentify the part of theformulathat is arelative reference.

|dentify the part of theformulathat is an absolutereference.

Highlight the datayou would likein the chart/graph
Use themake a chart feature
Chartswill automatically update as the datais changed



Example 1. Absolute and Relative References

Note:

QL.

Q2.

Q3.

“ * indicates information to be typed into the entry bar . Hitting the return/enter key will
display the value in the appropriate cell.

Relative References:

In cel [Al] type*“2”
Incdl [B1] type“=A1+1" (Thisisaformula. Clickingon cell [A1] will placeit in the formula.)

Highlight cells[B1] through [F1]. From the Edit menu, choose the fill across (or
fill right) option. (Thisreplicates or copies the formula to the other cells.)

Placethe cursor on cdl [C1], [D1]. What do notice about the replicated formula?

Incdl [A2] type“=A1+3"
Highlight [A2] through [A6]. Choose thefill down option from the Edit menu.

Placethe cursor on cdl [A3]. How do the changesin thereplicated formuladiffer
from the changesin Q1?

Absolute References:

In cdl [B2] type“=$A$2*B1" (The $ makes the information an absolute reference. It will not
adjust.)

Highlight [B2] through [B6] and fill right (across).

L ook at theformulas of these new cells. Comparewhat has happened to thetwo
different types of cell references.




Example 2. Perimeter and Area of a Rectangle

Typethefollowing text in these cells:
[Al] Base [B1] Height [C1] Perimeter [D1] Area

Adjust the column size by placing the cursor in the gray areaon the line between
any two columns then drag the cursor until the column width fits the heading.

Determine the spreadsheet formulasfor perimeter and areaof arectangle.

perimeter area
Enter the datashown below:
A B C D

1 |Base [Height|PerimeterArea

2 1 3

3 3 3

4 5 3

5 7 3

6 9 3

In [C2] typethe spreadsheet formulafor perimeter thenfill down.
In [D2] typethe spreadsheet formulafor areathen fill down.

QL. Create alinegraph comparing the perimeter and areaas the length of the base
increases.



Teacher Notes
Introduction to Spreadsheets

Activity 3:
column B entry bar menu/tool bar
R.""éﬂﬁ g(j)kfned l formula highlighted cell

ﬁ File Edit Uiew Insert Format Tools |Window

SRS 5 aie v 4 EBE] = e %8l —

D3 =B4=*$E53 —

[I=——= Sample Spreadsheet (§8) =———0I=
a1 'B C ]

1 This i3 a sample spreadsheet ﬁz
2 Data —
3 4 1568
4 1892
9
row 4
1 Each cdll of a spreadsheet may contain one of thefollowing types of information.

QL

Q2.

Q3.
Q4.

Text: “Thisis asamplespreadsheet *
Numbers. “1892"
Formulas: “=B4$B$3”

Theletters namethe columns. The numbers nametherows

|dentify acell that displaystext. [C1] or [B2]

Alwaysstart aformulawith “=" (Do not typethe quotes). Y ou must follow the order of
operations. (To the Teacher: Thereisalist of predefined functions)

Identify acdl that uses aformula. [D3]

Therearetwo types of cell references. relative and absolute.

Relative Reference: automatically adjusts cell reference

Absolute Reference: identifies a specific cell using “$”

(TTT: You can makereferenceto acell inyour formulaby clicking on that cell.)

|dentify the part of theformulathat is arelative reference. B4
Identify the part of theformulathat is an absolutereference. $8$3

Highlight the datayou would likein the chart/graph

Use themake a chart feature

Chartswill automatically update as the datais changed

(TTT: Youmust address chart making that is specific to the spreadsheet software you are
using.)



Example 1: Absolute and Relative References

Note: “ “indicates information to be typed into the eniry bar . Hitting the return/enter key will
display the value in the appropriate cell.

Relative References:
In cell [A1] type “2”

In cell [B 1] type “=Al1+1" (Thisis a formula. Clicking on cell [A1] will place it in the formula.)

Highlight cells [B1] through [F1]. From the Edit menu, choose the fill across (or
fill right) option. (This replicates or copies the formula to the other cells.)

Ql. Place the cursor on cell [C1], [D1]. What do notice about the replicated formula?
Al Notice the replicated formula adjusted the column letter so that the formmla
Tl rof : - 1L (on the lefr

In cell [A2] type “=A1+3"
Highlight [A2] through [A6]. Choose the fill down option from the Edit menu.

Q2. Place the cursor on cell [A3]. How do the changes in the replicated formula differ
from the changes in Q1?
A2. Notice the replicated formula adjusted the row number so that the formla
cally ref ] N 1 (ahove
Absolute References:

In cell [B2] type “=$A$2*B1” (The $ makes the information an absolute reference. It will not
adjust.)

Highlight [B2] through [B6] and fill right (across).

Q3. Look at the formulas of these new cells. Compare what has happened to What do
you notice?
A3.
TTT: Resulting spreadsheet 1 2 3 4 5
with values: > 5 15 50 Y
3 8
4 11
5 14
A B C
. 1 2 =A1+1 =B1+1
with formulas: 2 CA1+3]  —SA$2°B1}  =$A$2°C1
3 =A2+3
4 =A3+3




Example 2. Perimeter and Area of a Rectangle

Typethefollowing text in these cells:
[Al] Base [B1l] Height[Cl] Perimeter [D1] Area

Adjust the column size by placing the cursor in the gray areaon the line between
any two columns then drag the cursor until the column width fits the heading.

Determine the spreadsheet formulasfor perimeter and areaof arectangle.

perimeter “=2* A2+2*B2” area’=A2*B2"
Enter the datashown below:
A B C D

1 |Base [Height|PerimeterArea

2 1 3

3 3 3

4 5 3

5 7 3

6 9 3

In [C2] typethe spreadsheet formulafor perimeter thenfill down.
In [D2] typethe spreadsheet formulafor areathen fill down.

QL. Create alinegraph comparing the perimeter and areaas thelength of the base
increases.
TTT: Resulting spreadsheet and chart:
A B C D
1 |Base Height Perimeter Area
2 1 3 8 3
3 3 3 12 9
4 5 3 16 15
5 7 3 20 21
6 9 3 2 21
Chart 3
27.0
24.3
Vv 21.6
a 18.9
| 16.2
u 13.5
e

10.8
8.1
5.4
2.7
0.0 t : } t }

Category

¥ Perimeter B Area




Teacher Resource

Exploring Surface Area and Volume Using Cells
Activity 4: Observing Changing Areas in Rectangles with the Same Perimeters

Objective: Beableto explain the relationship between the shape of rectangles of agiven
perimeter and the area of those rectangles.

Materials: Activity 4 Student Spreadsheet, Spreadsheet Program such as Microsoft Works

Preparation:
1. Have students suggest measurements for rectangles with the same areas but different
sides.
(If A=12sg.cm., b=6 and h=2, b= 3 and h = 4, etc.)

2. Have students suggest measurements for rectangles with the same perimeter but
different sides. (P=12,b=5and h=1,b=2and h =4, etc.)

3. Studentswill now use a spreadsheet to explorethe ar ea changes in rectangles with the
same perimeters but differing heights and bases.

Designing the Spreadsheet:

1. Following the suggestions on the Student Spreadsheet Sample, students will writea
title (Different Areas of Rectangles with the Same Perimeters), identify variables, and write
formulas for area and perimeter. (The second spreadsheet on the page isa sparein case of
MeSsy errors.)

2. Discusswith students how to havethe spreadsheet calculate the areafor different
rectangles with the same perimeter.
i.ee  A=bh
If P=20, thenh+b=10
If h+ b =10, thenh =10 - b, so we can caculate h from b.

3. It should be apparent at this point that the column headings on the spreadsheet will be
“Base”, “Height”, and “Ared’. Students should write those headings under “Heading 1”7,
“Heading 2", and “Heading 3" on the Student Spreadsheet Sample.

4. (Pairssuggested here) For thiscalculation, let P = 24. Students should discuss
numbers to use for the base length, then the formula to calculate the height for each base
measure. Finally, they should write the appropriate area formulafor that column. Discuss
student conclusions and correct if necessary.

5. Students should now enter information on their spreadsheets and check the“Areas’
column for realistic answers.



A [ B 9 l D
Title: Different Areas of Rectangles w

E §

Variables: P = perimeter, A = Area

|

Formulas: P=2h + 2b A =Dbh

Heading 1(Base) {Heading 2 (Height) Heading‘3(Area)
1 12-A7 A7*B7 |

DN AIW[N]=

6. Students should then create a chart of the information (Tools menu). Discuss the shape
of the graph, encouraging observations on the greatest possible area for the given
perimeter. (Some exploration of different graph types is in order here as time allows.)



Teacher Resource

Exploring Surface Area and Volume Using Cells
Activity 5: Comparing Changesin Surface Area and Volume of Cells
Objective: Use aspreadsheet to calculate and examine the Surface Area -to-Volume ratio.

Materials: Activity 5 Student Spreadsheet, Surface area and volume datafrom Activity 2 lab
investigation, Spreadsheet Program such as Microsoft Works

Designing the Spreadsheet:
1. Using the spreadsheet from activity 4 asamodel, students will write the formulasthey
will need on the Activity 5 Student Spreadsheet and decide how to best calculate and
display their data.

2. Studentswill then choose the column arrangement and headings they will use.

3. Thefirst datawill be from the Activity 2 lab investigation. That datawill be used to
calculate surface area, cell volume, and the Surface Area-to-Volume ratio. Once that has
been calculated and displayed in a satisfactory form on a graph, students will be able to
investigate SA to V relationships when the cells are much smaller or much larger.

A B C D E
1 Title:
2
3 |Variables:
4
5 [Formulas:
6
7 |Heading 1Heading 2Heading 3...
8
9
10
11
12




Using your graph and spreadsheet answer the following questions:

1. Asthecdl grows larger, does the Total Surface Area- to - Volume Ratio get larger,
smaller, or remain the same? The ratio decreases

2. Why can’'t cellssurvive when the Total Surface Area- to - Volume ratio becomestoo

3. Whatisthe Surface Areato Volumeratiofor acdl thatis 0.1 cm3?
Surface Area = .06 cm2

Volume = .001 cm:

Surf : I e

4. What predictions can you make about the cell model in question 3?

| : | \d make il | i



Investigating Surface Area and Volume Using Cells
Assessment Activity
Teacher’s Guide

Introduction:

The purpose of the Assessment Activity isto provide feedback to you so that
appropriate instructional decisions can be made. The task assess application of
objectivesincluded in the Geometry and Biology curriculum guides relating surface
area, volume and cell size. Thisactivity also asses the students ability to properly
operate a spreadsheet program.

Objectives Covered: Thistask assumesthat your students have received instruction and
have been assessed on the following concepts and/or objectives:

e compare changesin the volume of acube with the changesin surface
area asthe length of aside increase or decreases
e useformulasto determine values of surface area and volume of various
3-dimensiona objects
e  Useaspreadsheet program to enter, graph and analyze datain order to
draw aconclusion

e Reatetherelationship of volume and surface area of acell to the
diffusion of life sustaining materials

Tools/Materials Needed for Assessment:
Per student: Copy of task, and pencil
Administering the Assessment:

Thistask should take approximately 30-45 minutesto administer

Distribute the necessary materials to each student

SAY : For this period, you are going to use the things that you have learned this
week to independently complete the following task. Read through the assessment
activity at thistimeto see if you have any questions or problems.

Pause and allow students to read silently.

SAY: Arethere any questions? You may begin.



Assessment
Student Response Sheet

Short Response

1. Thesurfaceareaof acubewith sidelength2.5 cmis:

A. 15.63 cm2 B. 37.50 cm?
C. 7.50 cm2 D. 25.00 cm?

2. Thevolumeof acubewithsidelength2.5 cmis:

A. 15.63 cm2 B. 37.50 cm?
C. 7.50 cm2 D. 25.00 cm?

3. Whichsurfaceareato volumeratioisthelargest?
A. 467/528 B. 382/402
C. 456/444 D. 105/107
Brief constructed Response

1. Formulas in a spreadsheet must always start with a (an)

2. Why arethereno unicelular ( 1 celled) organisms 30 mm in diameter?

3. Keeping in mind surface areato volumeratio, why do you think it
would take less time to digest food that iswell chewed?




ﬁ File Edit UWiew Insert |Format TJools |Window

S ENE N e i A e e B R

—D3E =Ed4*§E33—
[I=—— Sample Spreadsheet (5§) ETE
A'l B C
H__— iThiz is a sample spreads heet
F
G
Word Lidt:
formula row name highlighted cell
entry bar tool bar nameof highlighted cell
column name text cell datacdl

Using the diagram and word list above, give the name of the part labeled by the following letters:

A. B.
C. D.
E. F




Extended Response 1.
Explorers who have recently landed on an earth-like planet have discovered acommon
unicelular lifeform. Their excited report has been somewhat garbled in transmission.
Information that was clear said that the unicellular organisms weighed severa kilograms
each and were capable of ow but steady movement. Pictures and detailed descriptions
were scrambled hopelessly, however.

From what you know about the needs of a cell and the effectsof size on both volumeand
surface area, propose one or more possible shapes for the life forms. Also consider and
describe advantages and disadvantages of that proposed shape for the life of the organism.



Extended Response 2.
Using the available spreadsheet program, construct a spreadsheet comparing surface areato
volume as the size of the sphere changes.
After completing your spreadsheet create alinegraph of your data.
Describe and compare the changein surface areaand in volume as the radius increases.



Assessment
Scoring Guide

Short Response

1. Thesurfaceareaof acubewith sidelength2.5 cmis:

A. 15.63 cm?2 B. 37.50 cm?
C. 7.50 cm2 D. 25.00 cm?

2. Thevolumeof acubewithsidelength2.5 cmis:

A. 15.63 cm?2 B. 37.50 cm?
C. 7.50 cm2 D. 25.00 cm?

3. Whichsurfaceareato volumeratioisthelargest?

A. 467/528 B. 382/402
C. 456/444 D. 105/107

Brief constructed Response

1. Formulas in a spreadsheet must always start with a(an) equal sign

2. Why arethereno unicellular (1 celled) organlsmsBO mm in dlameter’?

3. Keeping in mind surface areato volumeratio, why do you think it
Would take less time to digest food that iswell chewed?




ﬁ File Edit UWiew Insert |Format TJools |Window

S ENE N e i A e e B R

—D3E =Ed4*§E33—
[I=—— Sample Spreadsheet (5§) ETE
A'l B C
H__— iThiz is a sample spreads heet
F
G
Word Lidt:
formula row name highlighted cell
entry bar tool bar nameof highlighted cell
column name text cell datacdl

Using the diagram and word list above, give the name of the part labeled by the following letters:

A. B.
C. D.
E. F




Explaining Surface Area and Volume Ratios in Cells: Rubric for the

extension on the sphere spreadsheet

Criterion

Spreadsheet

Mathematical
representation

Achieved

evidence of and
correct use of
text, numbers,
formulas, and
references;

functions correctly

used; efficient
layout and design

Making

some errors in
use of text,
numbers,
formulas or
references

Not met

incorrect use of
functions,

tools, or
references

Points

Points grogress

appropriate;
multi-set data

correctly selected

poor choice of
scaling factors

Presentation numbers titles, labels or {poor choice of
appropriately units missing ilayout that
formatted; labels, {OR major flaws imakes the data
units and titles that do not and calculations
included; visually ;affect the hard to read
appealing; correct {function of the
spelling and spreadsheet
grammar

|Graphs

Visual graph is inappropriate

representation appropriate for choice of graph
data

Numerical input jappropriate incomplete inappropriate
selection of data selection of selection of
subset; scales data sets OR  idata to graph

Presentation

visually appealing;
appropriate use of

labels, titles, and
legends; spelling
and grammar
correct

labels, legends
and titles
missing, making
the graph hard
to interpret




Activity 1

Formulas for Activity 1 Spreadsheet

SidelLength SurfaceArea Volume SAtoVol

6*A2*A2 A2"3 B2/C2

Chart 8

24.071T
21.6T
19.21
16.81
14.41

o —o<

12.07
9.6 7T
72T
4.871T

0.0

+* SA to Vol




