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Science July 2003

TheFirst Killer Application
Spreadsheets

Introduction

The concept of a spreadsheet was devel oped from the technique known as running the numbers used at
the Harvard Buisness School. Dan Bricklin developed the idea of using a computer to “run the numbers”,
and together with a programmer Bob Frankston, they created a program which they called Visicalc
(standing for visible calculator). Thefirst copy was sold in October 1979, and it was only available for
the AppleIl. This application was so useful that people in middle management throughout the country
felt they had to haveit. These people had comfortable jobs with disposable income, and so they could
afford the expense of a personal computer. Apple's salesincreased massively, which generated real
interest in the personal computer industry. Later, therights to Visicalc were bought by Lotus, who
produced L otus 1-2-3 for the IBM PC, based on the Apple product. Other spreadsheets like Wings,
Excel and ClarisWorks followed. For more information see http://www.bricklin.com/

Spreadsheets allow a user to calculate numbers, and to present the results in tabular form. They usually
contain features to improve the presentation of the data. A spreadsheet application is used by people who
need to manage or manipulate data organised into rows and columns. Any time you are producing a
document which uses rows and columns in some form, then you probably should be using a spreadsheet
to produceit.

Essential concepts

Each position in the spreadsheet is known as a cell. Each cell can contain text, numbers, or formulae.
The cell can aso be formatted for a nicer appearance (borders, shading, colour etc.), but the formatting
does not affect the contents of the cell.

O

Al B
A B C D

W |l | P |-

-
=]

Figure 1: An empty spreadsheet

The visual image you see isthe user interface. It shows the values of each cell. If you wish to enter
information into any of these cells, you must select the cell by clicking onit. Any text you type will
appear in an entry box at the top of the spreadsheet. This box shows the contents of the selected cell.
When you hit return, the contents of the cell is recorded, any calculations made, and the results are shown
in the display.
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Figure 2: The number ‘45’ isbeing entered into cell B4

Each cell has arow and a column which are used to refer to it. Columns are indicated by using letters,
and Rows by numbers so they are never confused (just like playing Battleships). These references are
needed in order to use formulae, which is where the real power of a spreadsheet lies.

Using Formula

All formulae must start with the ‘=" sign. The simplest type of formulae is an arithmetic expression, such
as 3+4. Thisformulawould be entered into a cell as =3+4, and the result (7) would be displayed on the
page in the cell in which the formulawas entered. Note that the cell contains the formula, but it displays
the result of the formula

Contents of the cell C4

O
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1 Value displayed
2 |Firzt Mumber  Second MumberiTotal /
E 12 5 17
4 10 4 14 &
a3 4 2
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Figure 3: The values displayed by the spreadsheet are the results

Spreadsheets are designed as a tool to help us calculate numbers more efficiently, and to view the data
calculated in amore pleasant manner. For this reason, we must try to construct spreadsheets so that the
work required to recal culate results based upon a new set of datais kept to aminimum. In order to
achieve this, the formula must refer to other cells. For example, it is useful to be able to calculate the sum
of two numbers. The following example shows how thisis done:
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Figure 4: The sum of two numbersis calculated using a formula which refersto each cell.

In the above example, it would be more useful to be able to enter the marks for the test and exam as
percentages. We then need a more complex formulato work out the total.

O Formulae
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Figure5: Calculating the contribution of the test marks to the theoretical component.

Thistime the test counted towards 10% of the final grade. Perhaps in the future, this weighting may
change, and next year, the test may count towards 15% of the final (and the exam only 60%). It would be
better to make the spreadsheet more general, so that the user can specify how much each component
contributed to the theoretical component

| Formulae
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Figure 6: We refer to the cell which contains the relevant information.
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Itis easier to keep the spreadsheet consistent if we store the information in asingle cell, and then refer to
that cell whenever we want to use that information, otherwise it is much easier to get confused. In the
example shown above, we use a formula to work out the number of marks contributed to the theoretical
component by referring to the percentage of fina marks which comes from the test. This has been listed
in cell B2, so we should refer to that cell, rather than putting the actual number in the formula

Fill Down and Fill Right

Often, when we are designing such spreadsheets, we need to use very similar formulain each cell ina
column, or in each cell in arow. It would be very tiresome to type out the formula for each new row,
especialy when the number of rows becomeslarge (e.g. recording the marks of 600 students). Since
spreadsheets are designed as |abour saving devices, they include a method of filling cells with
information. The spreadsheet allows a user to select a group of cells, and then to Fill Right (from the Edit
Menu). Theleftmost cell of those selected is copied to each of the other cells. A similar option (Fill
Down) can be used to fill avertical series of cells.

Notice that sometimes we want exactly the same formulato appear in each cell, and other times we want
the formulato change, depending upon its position in the spreadsheet.

B2 | =] ] 15
A B C

1 415111 =B7/100*B2
2 |Test 15
F |Exam &0
4 || ahs 25 =B8/100*B2
3
& Name Test®  iTest marks =B9/100*B2
T |Fred 70 105
8 |Jane a2 123
EREN 24 141 =B10/100*B2
10 | .ok 6 5 4 e
11

Figure 7: Using a formula which refers to two different cells.

In the diagram, the formulato work out test marksis based upon a person’ s percentage for the test (e.g.
B7, B8, B9 or B10), and the value which specifies how much the test contributes to the final (e.g. B2).
We would like to be able to create only one formula, and then use the option to Fill Down, and get the
correct formula appearing in each cell. This can be achieved by using both relative and absolute
referencing.

Absolute and Relative References

An absolute reference should be used when you are referring to the same cell in every occurrence of the
formula. Y ou can specify areference is absolute by using adollar sign ‘$' before the row, or column
which isto remain fixed.

If you do not specify the cell is an absolute reference, the spreadsheet will use relative referencing. This
means that the cell reference will change when the formulais moved to anew location. The spreadsheet
stores relative references by remembering how many cells away (in terms of rows and columns) the
specified cell is. For example the cell you are referring to may be 2 columns to the left, and 1 row above
the current cell. Wherever the formulais moved to, it would refer to the cell which is 2 columns left of
the current cell and 1 row aboveit.
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I==———— Formulae
B2 [ =[] ] 15
& B C

1 415111 =B7/100* $B$2
2 |Test 15
& |Examn =1n]
4 | abs 25 =B8/100* $B$2
3
& Marne Test®  Test marks =B9/100* $B$2
T |Fred Jo 10.5
8 |Jane 22 12.3
9 |[zamy 94 141 =B10/100* $B$2
10 [ John 26 5 4 e
11

Figure 8: Formulae are able to use both relative and absolute references.

In the example above, only the first formula needs to be typed in. The formula specifies that the cell
which is one cell to the left contains a value which is to be divided by 100, and then the result is
multiplied by the value stored in the cell B2. The dollar signs are used to distinguish between these two
forms of referencing. The cell which does not change in the formula (i.e. B2) is an absolute reference.
The formulais then able to be selected and used to Fill Down. The cells referred to will be automatically
altered if the reference is arelative one.

Using Functions

Most spreadsheets provide alarge range of functions that help the user to create effective formulae.
Some of these include Average, Max, Min, Count, and Sum. These functions all require a Cell Range. A
range of cellsissimply all the cellswithin a defined area. To define an areain a spreadsheet you need to
know the top left cell, and the bottom right cell in the area. In order to specify a cell range, you should
give the top left cell, then acolon ‘" and then the bottom right cell (e.g. A1:B3 would define arange of 6
cells).

Average( Cell Range)
Thisfunction is used to calculate the average value of each cell in the range.

Max( Cell Range)
Thisfunction is used to calculate the maximum value of all the cellsin the range.

Min( Cell Range)
Thisfunction is used to calculate the minimum value of all the cellsin the range.

Count( Cell Range)
This function counts how many of the cellsin the range have some value stored in them (i.e. are not
blank cells).

Sum( Cell Range)
This function adds up all the values within the range given.

Example: Assume each person in the class completes 6 labs. We will use the best 5 of these labs to
calculate the practical component of the course. How can we create a formula which will successfully
produce the answer we want?
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Figure 9: How could you calculate the best 5 labs from a set of results.

There are many ways to set up a spreadsheet, so it is possible to achieve the same result using a variety of
different techniques. Here we will develop the formula slowly, so each step is obvious.
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First, we add another column to the spreadsheet. This column will store the overall total. We simply use
the Sum function to add the numbers up (an aternative would be =B2 + C2 + D2+ E2 + F2 + G2). We
can use this formulato Fill Down, and obtain results for the other students.

O Best D585
12 | i 2] ] =timlE2: G20

| & | » | e | o [ & | v | & [ w ] [ T

A fMams  |Las D0 Lab 02 |Lab 03 |Lab 04 Lab 05 (Lab 06 | Tabal |Piivesn _Total of Bt 5)

Now we create another new column, and get the minimum value from the labs. This formula can used to
Fill Down also.

1 | - Best 5
J3 [w i ] ] =H2-12
A |l ele ] o €| F | & | B | ¢ | a |

1 |Fsms k0l Rsh @2 |LshOF |Lss 04 Labh @8 |Lab Ol | Tedsl | Serimem | Tobsl of ll=xt 5

Finally, we can subtract the lowest lab mark from the total, leaving use with the best 5 marksin the labs.
In fact, the whole formula could have been donein asingleline. It would be

=SUM(B2:G2)-MIN(B2:G2)



COMPSCI 111 S2C - Lecture 3/4 70f 13

Functions add the ability to complete more complex calculations to the spreadsheet software. Some
functions are designed simply to save the user time by providing the appropriate formulae in a predefined
template. For example; you could work out the average by adding each cell and dividing by the number
of cells. To savetime, you could use two functions, SUM( Cell_Range ) / COUNT( Cell_Range), or
even asingle function AVERAGE( Cell_Range). Other functions add the ability to produce results
which would otherwise be impossible (a good example of this would be the IF function).

All functions in Excel can be found by choosing to Insert a Function. Thiswill provide you with a
dialog box containing all the functions, and a brief description of each one. The functions are divided
into different categories to make them easier to find. Y ou are encouraged to make use of this feature
when writing calculations. If you think there might be a function which does the job, have alook
through the most likely category.

Statistical Functions

Statistical calculations are commonly required by the users of spreadsheet software, so it is no surprise
that alarge range of formulae have been provided as functions. The statistical category contains many of
the common functions you will need (including minimum, maximum, quartiles, averages, and standard
deviations).

Boolean functions
These functions are used to return a boolean value (i.e. avalue which is either true or false). They are
often combined with other functions to perform more complex tasks.

And( logical_1, logical_2)
This function returnstrue if both logical_1, and logical_2 are true.

&
o3 || 2] ] =AND{BS="work” CIxa0)
A | 8 [ e T ® [ & ]
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Or(logical_1, logical_2)
Thisfunction returnstrue if either logical_1 istrue or logical_2 istrue.
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Not( logical_1)

Thisfunction returnstrueif logical_1 isfalse, and it returnsfalseiif logical_1 istrue.
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IsBlank( Cell )

This function returns true if the cell specified does not contain any data.

Conditional Functions
A conditional function is used when you want to put different values into a cell depending upon a
particular condition.

If( logical, true_value, false_value)
If logical istrue, then true_value will be displayed in the cell, otherwise false_value will be displayed in
thecell. Note that any test which produces a boolean value can be used in the logical test.

O
D2 (=& <[] = IFiB2="work","~","Happy")
A B C D
1 Marne Lazation Howiios Sadus
2 e Wark 11 =
3 Julie Haliday E3Z Happy
4 Jenny wWark 47 =
5 Jack Harne 49 Happy

Note that an IF function can be nested. This means that the value displayed by the true_value or the
false_value could actually be the result of another IF function.
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D _=— Lookup functions
These functions are designed to look up avalue in atable are return aresult from a particular row or
D3 | "Iﬁrl XI JI =IFENOT(EZ="wark"),"M column within the table. These |ookup functions are extremely useful, and are supported by all modern
A B C D spreadsheets.
1 Vlookup( lookup_value, Cell Range, index )
; Thisfunction is designed to look up avaluein avertical table. It triesto find the lookup_valuein the
; 'Ijzzw Lo\ljj:?:n HT;FS iﬁ:ef;iﬁfs table defined by the Cell Range. When the lookup_value islocated, the function returns a value from the
3 table which isanumber of columns equal to the index value to the right of the position where the
4 Julie Haoliday =] Mot working lookup_valueis found. Note: Excel usestheindex = 1 to refer to the cell where the value was found,
3 Jenny wWark 43 “Working too hard whereas some other spreadsheets (such as ClarisWorks) count that cell asindex = 0.
& Jack Haorne 42 Mot working

cz [+ =| =VLOOKUP(AZ, $A33:5C513, 3, FALSE)
Cell D3 contains: =IF(NOT(B3="Work"),"Not working",|F(C3>40,"Working too hard"," Just

O

working"))

A I E I C | 5] I E I F
Ergologes Howrs Worked  Howely Wage ] Tods! Earned
Andrew 14 $12.00 Labourer $26.00
Aldus 3 $12.00 ‘Warden $21.00

Counting Functions
These functions are used to count cells. 'Y ou must use different functions depending upon what you need
to count.

Count( Cell Range)
Thisfunction is used to count the number of cells within the range which contain a numeric value.

1 2 3
Name Job Pay Rate
Andrew Labourer $12.00

Ll N ES T T S (SR

Countlf( Cell Range, Criteria)

This function counts the number of cells in the range which match the criteria. There are many ways of : ? :Enf Eﬂ]eaner ; :g? gg
specifying a criteria, but we will use only the simple match. In other words, the function will count all 5 Angemen :

the cells which contain the same text as that given in the criteria. To count all the cells which contain 12 |Aardvark  Pest Control $5.00
“Waiter”, you could use: 12 | Aldus Warden F12.00

Figure 1: Diagram showing how Vlookup can be used to find avaluein atable.

COUNTIF( Cell Range, “Waiter”). Table ordering:

Y ou can add an optional parameter into the lookup function to specify how the table is sorted. By
default, spreadsheets assume that the table is sorted in alphabetical order. If thisis not the case, then you
should specify how the lookup function operates by specifying a value for the optional parameter. In
Excel, thisis as follows:

If the text “Waiter” were located in another cell, say A15 for example, then you could use:

COUNTIF( Cell Range, A15).

Vlookup( lookup_value, Range, index, ordered ), where ordered should be rep with TRUE i
| lookup( look aue, Cell ind dered h dered should b laced with if
| Bi5 = wl o —eounT S thetableis stored in ascending order (i.e. 1,2, 3 ... or A, B, C... etc.), and FALSE if the tableis not
| I ol — - - E sorted.
-
LE = - Dz [+] =] =VLOOKUP{AZ2, $A39:3C$13, 2, FALSE)
- I 1 F Here Jek Haure E
.................... = - 3 Ay W Fl
2 | Haurs Warked | e e - # [ E [ C | D | E [ F
30 B S Bl res  IChassr | 1% 1 Ermplogee  Howrs Worked  Howrly Wage ok Tedal Earred
4 |t IE| I P i 2 | Andrew 14 $12.00 Labourer $26.00
T ey Lt Tl ey i 27 3 |aldus z $12.00 W arden $21.00
[ A= | B oo Chad 1= 4
T lborry [SESEEEEE 4| 3 ||t Claasar 5 5
B lbchn 1B | | M wreer Claansr -l £
Ry 00 | 00| Ll 7
I - { | :’ R L B S | S| 2 |Mame Job Pay Rate
— gmmm ey - B 2 | Andrew Labourer $12.00
it L L | | — [T 1 =l = 10 | Anne Cleaner $24 .00
Cell B12 contains: =COUNT($B$3: $B$10) 86 |creet E: 11} Abel Management B0
T [ 4 12 | Aardwvark Fest Contral $58.00
13 | Aldus Warden $18.00

Cell B15 contains: =COUNTIF($B$:.$B$10, $A15)
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Thetable in the example below is ordered, so the value which isfound by the lookup is an approximate

value.

110f 13

J-c[u-'| =L uuml-'n:u:j.a.s 13, $8516,2)

1 1
,5:'!1!!.... T““ﬂ' T.'?.Ei.‘"!...., ........ ]
| 404 00 . 0 00 | |
| WEEPER00) 048] _B43isaE 000000 |
L ..5.'!".’.5'.':'!: — 1l L UES . :
| gz=2ap 00| 024 | A |
| deme7z o il 0,00 | |
| iS0aTO0| 0 033  fdEmedsi) 0 |
1 1 1 1 ]
] ] ] ] ]
Tax rate Table | : : :
[Tacrmare | | [RRERRR |
ol 1]} | | |
| 0.9 | | | ]
20 | f.18] | | |
Fco0| oo [ [ ]
ﬂ'ml |:|!_1I ] ] ]
: — 2 — — {

Hlookup( search_value, Cell Range, index )
Thisfunction isvery similar to VIookup, but is used for looking up valuesin a horizontal table. The

index number indicates that we want to return avalue from the table in a different row from the place we

found the value we based the search on. If the index is one, then the value returned is the same as the
vaue we searched for. If theindex is 2, then we return the cell located in the row below the value we

searched for. Thisisjust the same as the vertical lookup (VLOOKUP), but should be used when the data

isstored in horizontal rows instead of vertical columns.

O
C3 [ =] >¢| | =HLoOKUPSAS $ASE:3FS10. 2 FALSE)
A B C D E F
1 Order
2 | Lode MNiurmshert Cowr?
z |CIE0 1 Fhns 00
4 |KZ 3 F7adR0
5 |17 & R i
6
7 |Table of Goods
g |[CODE K9 Cran BISHOP T2 B2
a |PRICE F32.5h FhaA32.00 $39.00% $1000000.,00 FaR92.00
10 |[COLOUR Grey Gold Pink Silver White
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Sorting
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Sorting data is a common operation when using spreadsheets. In order to sort data, select all the data
which isto be sorted and choose Sort from the Data menu. Y ou will be asked which data should be used
asthe key for the sort. The key is the element which the ordering is based upon. Notice that all the data
which is related has been selected when sorting. If you only selected the names, then they would be
rearranged without changing the job, or hours.
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Making Charts
To make a chart based upon the datain — e e
the spreadsheet, first you must SHIECt the  |aemies  boatimarel | e
data (including the headings for each ! Fiarmprear o0
slan wardan #1800
row or column). Y ou should choose i i a0
Chart from the Insert menu, and you e A b s

will be given a choice of which sort of
chart you wish. During the creation
process, you are able to alter the labels
for each axis and the overall title of the
chart. A chart will then be created based
upon the data selected. If thedatais
changed, the chart will be altered to
reflect the current data. The size of the
chart can be altered by selecting it, and
moving one of the handles in the corners
(just like an object in adrawing
application).
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Printing

When you want to print a spreadsheet, you must first select the cells that you wish to print. You are then
able to got the File Menu, select the Print Area options and Set the Print Area. When you print, the
area printed will only be the highlighted cells. Remember that you can alter the Page Setup to ensure
that the datais scaled so that it fits onto a single page (or asingle width of apage). You are aso ableto
put a header and footer onto a document using the Page Setup.

If you want to print agraph, you are able to select the graph, and simply choose print. The graph will
then be printed by itself.

Author: Andrew Luxton



