Graphing in Excel

featuring Excel 2003’

A spreadsheet can be a powerful tool for analyzing and graphing data, but it works completely differently from
the graphing calculator that you’re used to. If you’ve used a spreadsheet before, you may think of it as only being
able to graph individual data points, but it’s actually pretty easy to get it to graph lots of ordinary functions, too. It
is at its most powerful in graphing when those features are used together. This document will show you how to
get a scatter plot of a set of data and how to graph a function with that data (a model of the data) to see how well it
fits.

The first thing we’ll need is some numbers. I’'m going to use the set of times and drug concentration levels in a
patient’s bloodstream given below.

Time(th) 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 10
Drug(ng) 9 83 78 72 67 6 53 5 46 44 4 37 32 28 25 25 21 19 1.7 15

The first row will give the x-coordinate, and the second will give the corresponding y-coordinate. So it’s time to
put the data into a spreadsheet.

Open Excel. You should get a big blank page full of empty cells, and some tools along the Time (h)  Drug (pg)
top. Pick a cell somewhere in the top left area of the spreadsheet (which doesn’t have to be D'? 3 g
Al, if you’d like some space on the outside), and begin entering the information. It’s most 15 78
natural to enter each row above as a column instead. Type the column heading, hit Enter, 2 7.2
and you’ll be on the next row ready to type the first data value. When you’ve finished with 2'2 B'E
the first column, start at the top again and enter the second one. Once you’re done, you 35 5.3
should have something like you see at right. A 2 A g
l5 4:4

The “u” symbol is a lowercase Greek “mu,” and it represents the metric prefix “micro" here. 55 4
You can get it by using the Insert Symbol command, which in Excel 2003 is located in the : 2 g;
Insert menu. E g
7h 258

m Format Tools Tabl Once you've entered the data, it’s time to tell the program to 8.2 g?
h Break. .. | make a graph for you. Excel will step you through the basic q 14
;age Numbers. . . process, and you can change whatever parameters (a/k/a 91.3 1 ;

“settings”) you’d like to afterwards. So select the data,

Date and Time... { including the headings, and go on to the next page.

AukoText F

Field. ..

[ =g |

Symbal, .,

E Cararnank

! These instructions are more or less the same for any ordinary spreadsheet program, although the locations of the commands
may be different. On the same site where you found this document, you should also find a second one featuring Excel 2007.
It uses screenshots from that version of the program, but is designed to help you produce the same results.
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With your data selected, go to the Insert menu. Choose Chart... and you’ll be presented with Inser; e
Rows
the Chart Wizard, which will step you through the process. c
Columns
Chart Wizard - Step 1 of 4 - Chart Type ? _ Worksheet
We’re going to choose a scatter plot, [l chart... |
Standard Types | Custom Types . . .. —
| which is by far the most traditionally £ Finetion
Chart type: Chart sub-type: . . . .
d I ~ mathematical of the available types. If you’ll be graphing a
B Far m m EEE function like you would on a calculator, the scatter plot is
|ﬁLine L.
@ Fie definitely where you want to start.

When you click on Scatter in the Chart type list, you’ll see

| K (Scatter) Uﬂ
Area
% Dioughnuk IlILIl—

iy Padar several versions of the
g surface ! . Chart type: Chart sub-type:
#; Eubble 32 scatter plot on the right e e S e
1 3 el Colurmn A N .
| side. The one we want is  |g B ‘.
Clustered Column, Compares valles across . . 2 Line +
categaries. | the ordinary one in the lapie
top left, just a bunch of . Ak
‘ Area
[ Press and Hold ko Yiew Sample ] discrete points. @ Doughnut
- @ Radar
[tet> J[ Emsh | @) Surface M M
There’s a nifty little % Bubble O

feature at the bottom of that window. It’s a button labeled “Press and Hold to
View Sample.” If you do what it says, you’ll see how your graph will look if you do nothing else to it. If you’re
happy with that, click finish at the bottom, and you’ll have your scatter plot.

However, the default doesn’t have any indication as to what the values on the x-axis mean, neither of the axes is
labeled (although there is a scale), and the title is just whatever was at the top of the y-column. We can do better.
In addition, this version of Excel defaults to a gray background, which is really not the best for printing in most
cases. So we’re going to make some changes. The Next button at the bottom will take us to the options.

Chart Wizard - Step 2 of 4 - Chart Source Data @E|

The Data Range is exactly what you selected before

DataRange |[gocrics asking the program for a chart, so it ought to be just fine.
Drug (ral The other tab, Series, should also be correct for exactly

the same reason. Later on, though, when we want to add a

. curve to the graph, the Add button there can be very

= useful. Next.

R TR -]
il

The Chart Options step is where we’ll fine-tune things,
starting with the title and axis labels. Initially the title is
that y-column heading, but I'll expand on it and type in

Data range:

Series in: O Raws some Chart Wizard - Step 3 of 4 - Chart Options
@ Cojumns approprlate [ Titles §| axes | Gridines | Legend | Datalabels
things for the e ot
axis labels. Vehe Ko '

Value (V) axis:




As I enter these things and tab to the next field, the picture of the chart updates to show the changes. Here’s what
I’ve got now. I like it a little better in some ways, but it’s still pretty awkward. The next step is the Gridlines tab at
the top of the screen. The Axes tab (which you may certainly choose to look at) only turns the axes on or off, and
I want them both turned on, just like they are now.

Chart Wizard - S5tep 3 of 4 - Chart Options

Titles | Bes Gridlines | Legend || Data Labels
Chart title:
|nainin|;| in the bloodstrearn ':lJ';| Drug remaining in the bloodstream [pg)
Value (%) axis: . 10
. . R & a R
|T|me since dosage, in hours | -
) £3y =
Value () axis: EE 25 +
- - i & + D 3
|I: in the blood, in mickograms | s E . T4y
- = "#*
i e
& 2 oy
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| IR
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| | Time since dosage, in howrs

Here’s what you see when you choose Gridlines. I'm fine with the way the vertical axis looks, but I'd like
gridlines to go up from the x-axis as well, so I’ll check the major gridlines box for the “Value (X) axis” and move
on to the Legend tab.

Chart Wizand - 5tep 3 of 4 - Chart Options

Titles Axes | Legend | DataLabels
Walue (X)) axis
I:' Major gridines Drug remaining in the bloodstream [pg)
[ 1 Minor gridlines 10
a7
Yalue () axis FPE
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Since I only have one series here, I don’t need a legend to indicate Drug remaining in the bloodstream [rg)
what different things on the graph represent. So I'm turning it off by "
unchecking “Show legend.” I think that looks a lot better already. You | £% B
might notice that the upper bound on the x-axis has changed and the :§ ; ‘ o
. - . Tals =
vertical gridlines are now spaced at 2 units rather than 5. That’s an :-‘;,§ 4 T
el *
automatic adjustment the program makes. I have no idea how it makes Eﬁ 2 ‘g
its choices. Luckily, you can set those things yourself if you’d like. o
0 2 4 -] - 10 12
Time since dosage, in howrs




The Data Label tab is for putting values next to the points. It is occasionally useful, but not with as many points as
you see here, so skip it, and choose Next.

That’s pretty much it as far as choices. I o

. Drug remaining in the bloodstream (ug)
always put my chart in the current worksheet
so it’s “on the same page” as the data I'm

working with. When I choose that, and

—
o

Finish, here’s what I get.

I still want to clean that up, though,

particularly the gray background and the x-
scale. When you click on the chart itself in
Excel 2003, you get a small window called
Chart that lets you make changes. You can

blood, in micrograms

Amount of medication leftin the
[ TS O I U RS L T s R = R (=]

0 2 4 6 8 10 12
also use the Chart menu at the top of the Time since dosage, in hours

screen. I never seem to find everything I

want in the same place; that might be me, or maybe not everything is in both places. The little window is handy,
though. The place where this one says Chart Area on the left side is a pop-up menu. You choose what part of the
chart you’d like to change, then make the changes. You can also change what appears there by clicking on
something in the chart itself, but I find that I don’t

always click on what the program thinks I should
F TR
= | EEE | ¢ I}j have, which slows the process down.

Chart Area - | | Ry -
]

As you choose different things from this pop-up, watch how the selection changes. I can tell pretty quickly that
the gray part is called Plot Area. I want to fix that. If you hover your cursor over the little icon to the right of the
menu, you’ll see that it will let you format the plot area. Click it.

. . Format Plot Area |
There are not a lot of choices here — only one tab. But it’s x
exactly what I want. I’'m going to change the Area to None, -
. . Border Area
and the gray shading should disappear. See? e O Automatic
) None (O Mang.
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On to the axes. I'll start with the x-axis: . When I choose to format that, I get a lot
more options, five tabs worth.

Scale Fant Murmber || Alignment

‘ Yalue () axis - |75 |

I know that what I want here is to change the scale, so that’s where
I’ll go. Everything is initially set to automatic. I don’t like the
Major tick mark type— Unpredictability or the fact that there’s a useless part of the domain

showing (beyond 10 hours), so I’ll change a couple of things. At

right are the settings I picked. I wanted to make sure the minimum remains at 0,

and I changed both the maximum and the major unit. I’'m not going to turn on
the minor unit, so I don’t care about that. I do want the axes to cross at (0, 0) —
it is math class, after all — but I don’t think that’s going to shift around on me. If
I find that it does, I’ll set that explicitly rather than letting it be automatic, too.

After choosing OK, I'm looking at the chart below. If all you really need is a
scatterplot of your data, you’re done. Up to this point, I’ve been taking
screenshots rather than copying the actual graph. Screenshots are only good up
to the resolution of the screen,” but the actual copy of the entire chart below

Patterns | Scale Fant Mumbe
Value (%) axis scale

Auko

|:| Minirrre: _

|:| Mazirnurn: 10

1 mMaiar unit: 1

Minor unit: 0.4

Walue (¥ axis

Crosses at: u]

ought to print well up to the resolution of the printer when it’s in a word processing document. You just click
somewhere in the graph’s bounding box, Copy, move to the word processing file, and Paste. You can resize it
here if you want it to fill the space better. I’ve made mine the width of the text. To keep the proportions the same
as you resize the graph, be sure to do it by using one of the corner handles, not one of the edges. Here it is.
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Pretty much anyone who works with spreadsheets at all can do something like this. It’s a really useful way to see
trends over time. However, in mathematics, we generally want to model the pattern with some sort of formula. I
have used a regression on my graphing calculator to come up with the function A(f) = 10.484 - (0.82942)’ for this
one.” I would like to graph that function along with these points to see how well it fits.

As you’ve seen so far, spreadsheets deal with discrete data points, and they don’t really do curves that aren’t just
connecting those dots. However, that’s precisely what a graphing calculator does. In this case, we have to tell the
spreadsheet what x-values to use, have it find the corresponding y-values, and connect those points with a nice
smooth curve.

I would like my function to graph on the interval [0, 10], and I want plenty of points to connect to ensure that I get
a good shape. I'm going to make a table counting from O to 10 by 0.1. Here’s how. On your spreadsheet, pick a
new place to enter data, perhaps below the original data, perhaps beside the chart, whatever works for you. It is
helpful to be able to see the chart with at least the beginning of the data. Enter column headings: ¢ and A(¢). Then
in the cell underneath ¢, type the first value, 0.

Select the cell containing 0, and then go to the Edit menu, down to Edic | Wiew Insert Format Tools Data Window Help

the Fill menu choice, and choose “Series...”. This is a brilliant little | YdeTwrina@insS Cri+z 2y B - 7|9 - o - | §
. . ™ Redo Series Chel+y
tool that lets you count by whatever you’d like for as long as you o = e T T Rk T 1
uk ¥
want. Ive decided to count by 0.1 until I get to 10. You can see how |, ... o
I’ve entered that. Note that I told the program that I want the series [ Office Clipboard...

in columns. If I had left it as rows, it would have gone to the right ] poste ot
instead of down. Click OK, and you have a really nice list of values Paste specl..
of ¢ to use in finding the values of A(¢) that we’d like to graph.

Paste as Hypetlink

B v [l cown CrlD
- = Clear b [ [=] Right Chrl+R
Series g] 12l o
Delete... Up
SeEries in Type: Delete Sheet Left
O Rows @ Linear B
(® Columns ) Growth Move or Copy Sheet... Across Worksheets,
() Date 33 Find... Ctri+F Series...
[ 1rend O AutoFil Replace... Chrl+H Justify
Step value: o1 Stop value: 10
I [e]4 ] [ Cancel ]

To get Excel to calculate those values, you’ll enter the function as an Excel formula in the cell adjacent to 0, and
then Fill Down to get it in the rest of the cells. Be sure to choose Columns to get the values to go down rather than
across.

The formula starts with your typing an = sign. That’s how Excel knows it’s v oA =T D.dﬁﬂ*m-BEBflE)“SEI

supposed to calculate something rather than just displaying it. The syntax is & ! H ! | !
just like that for a calculator, as you can see. The one peculiarity is S5. Why S5 — - —
instead of ¢? Because that’s where the value I want plugged in is located. See? 2 = |.ﬂ-.|[ ) T |
t t
5 ol 10484
)

* If you need to know how to find such a function with a regression, there’s another tutorial on this site for just that purpose.
Actually, there are two: one for the TI-84/83 series calculator, and another for the TI-89.
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I didn’t actually type SS5. I got it by clicking on the cell I wanted when I got to that point in the formula. After I
typed Enter, I got the value you see to the right of that cell. To get the rest of the A(#) values, select that first cell
(TS in my case), and drag a selection down all the way to the bottom of the table of values, so that the last
selected cell is next to £ = 10. Now go back to the Edit menu for Fill again, and this time just choose Down. Excel
will copy the formula into each of those cells, but will update the cell that’s referred to each time. In the second
row, it will say S6, then S7, and so on, so that each value in the right column is calculated from the one
immediately to its left. It’s a big table like your calculator would make.

Before Fill Down: QiEl | After Fill Down: gol 1 _B45EIBB|
10 | 1001 A15371

This big list of points is what I’'m going to graph with my original curve. Getting them on there in the first place
requires adding data to the chart we already created. Then it takes a couple of adjustments to make the graph look
like something other than a big mass of dots.

Chart [ Window Helb  Click on the chart again, and this time [ EaE
(i et Tz go up to the Chart menu at the top of DataRanga ||
[ =ourceData... | the screen and choose Source Data.... Drug remaining i the bloodstrean (xg)
] “hart Optons... | Select the Series tab. Remember this fiu
| Location... I~ screen? We’ll be adding another R
7 fdd Data... - series, so in the resulting dialog box, :E. i B .
| addTiendine.. | click Add. iy t.dL 1
H 3-0 Wiew, . - iz Dn 1z & 4 5 & T 8 3 m
Y W—a I T Time since dosage. in bowrs
Series
Marne: =sheetl1$CH3
While it’s possible to type a whole bunch of stuff into the Edit #values: | =Sheet11$B44:4B423
Series box, you can also select things by dragging, and that’s ¥values: | =Shestll$Cy4:5C$23
generally simpler.
Mame: %.| The way you do
@ Values: =, this is to put your cursor in the appropriate box and click the little

icon with the tiny arrow next to the right the appropriate box
¥ Walues: ={1} £

When you do that, the box shrinks up to something like the

Source Data - Name:

one seen at right. Don’t panic, the large one will come back.
Use your cursor to select the cells you need. For Series name, ' ol THHTRRAEATE

I selected the cell that said A(t). Then I clicked that little tiny arrow button on the right of the reduced box, and
got right back to the previous Edit Series view. I did the same thing for Series X values, this time dragging all the
way from 0 to 10 down my table of data. And when you get ready to select the Series Y values, delete the “={1}"
that you see here if it shows up for you. After all of that selecting, you should have something like this:

Series

Dru Name: =Sheet11§T44
¥ Yalues: | =Shest11$545:45$105
¥ Yalues: | =Shest11$T45:4T4105




Click OK and watch the crazy square dots appear. There are two reasons why this is not so great. The first, and
most obvious, is that it obscures almost all of the

Drug remaining in the bloodstream (ug) original data points. The second, and at least as
12 important is that what I’d like to see is the function
= - A(?), not a big collection of dots of any size.
F S o pa . .
52, We’re going to change the way the second series of
HE points is displayed, so that the dots are not shown,
cT 4 et . .
£2 — but a smooth curve* connecting them is.
== ‘*r—
b 1 5 3 4 & & 7 8 s Click on the chart, and from the little Chart box that
Time since dosage, in hours shows up, select the brand new menu item ‘Series

“A(t)”’ at the bottom of the list. Then click the
Format Data Series button directly to the right of the pop-up menu. This is where we’ll do the fixing.

First is to remove the big squares. In the Pattern tab, under Marker, select None. Then
on the Line side of the same tab, choose Automatic and Smoothed line. This makes it a

curve rather than a bunch of little segments. If you don’t like the weight of the line, Chart Title

you can change that here, too. Click OK to get out of there. You’re almost done. ﬂ;ﬂ: Ei‘?, axis

Walue (1) Axis Major Gridines
Walue (1) Axis Title

Drug remaining in the bloodstream (jg) Walue (1) axis

Value (%) Axis Major Gridlines
Value () Axis Title

Series "Drug (ug)"

Series "ALL)"

> T La i
e T+ The very last thing that this graph needs is a

B legend. You may be asking why, since I

4 e specifically removed the legend when I made

[}

N SR Cur s R TR RN

=

blood, in micrograms

, b, the scatter plot at the very beginning. The
answer is that now there are two things graphed,
0 1 5 3 4 5 B 7 & 9 1 and the reader needs to know which is which

Amount of medication left in the

Time since dosage, in hours without having to look it up in the text or
compare it to an earlier graph.

To add the legend, once again select the chart, and from the Chart menu at the top of | Ehart | window _Help

the screen, choose Chart Options. On the Legend tab, check Show Legend. You get Chart Type. ..
several choices of where to put it, and you can choose what seems most legible to Source Data...
you. I don’t always choose the same thing. And finally my finished graph appears on Chart Dpticns. ..

the next page, including both the scatter plot and the regression line.

When I looked closely at it at this size, I discovered I don’t particularly like the wobbly nature of parts of the
curve. This is one place where the 2007 version of the software does a better job. However, you can improve it
somewhat by making the points you plot 0.01 apart rather than 0.1. The program doesn’t care, and it fills in the
series just as quickly for 1000 points as for 100. When I did that, I got the second graph on that page. Still not
perfectly smooth, but plenty good enough to get the point across and let you compare the curve to the data set.

4 Um, smoother. You’ll see what I mean at the end.
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That’s it. I did this rather quickly, so let me know if you find any typos or if I appear to have left out any steps.
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