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Concepts - Spreadsheet

• Electronic equivalent to the spreadsheets used in accounting maps for 

analysis

• Allows the organization of data in tables (rows and columns)

• Each cell on the table contains either a data element or a formula

• The formulas perform calculations and/or use functions based on data from 

other cells
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History of Spreadsheet Tools

• 1969: LANPAR (Language for Programming Arrays at Random) ; Mainframe

• 1979: Visicalc; Apple II computers

• 1982: Multiplan; Microsoft; also ported to Apple computers

• 1983: Lotus-1-2-3; Lotus Software, later bought by IBM

• 1985: Excel; for Apple Macintosh. Launched in 1987 for Windows
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Example

Totals per 
column

Totals 
per row

The power of spreadsheets is that, by changing any cell, the content of its 
dependents are immediately changed.

Example problem: We want to analyse a table showing the monthly cost of 

groceries, with a total per month and per item. 
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Workbook
To organize in a single file several related data (Ex: ComercialCenter, Brand, 
Product, Sales), Excel allows storing in a single file, a set of worksheets:
 Workbook  → Set of Worksheets (spreadsheets)

• Switching between the sheets is done in the tabs at the bottom of the book.

• The worksheets can be renamed by right clicking on the tab.

• To change the order of a worksheet, simply drag it with the mouse to the new position. 
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Absolute and relative cell references

Excel cells can contain formulas. The formulas use data from other cells, so 
they refer to address (row / column) of data :

These 
formulas 

use 
relative 

references
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Absolute and relative cell references

If we want to isolate the rate of VAT (IVA) to be the same for all products, 
we would have:

• In absolute references, Excel keeps the address unchanged when copying a formula from one 

cell to another, i.e. fixes the address of the cell. 

• You can fix

• Only the row:   C$1
• Only the column:  $C1
• The row and the column:  $C$1

By preceding the cell 
address with the dollar 

sign ("$“), the reference 
becomes absolute
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Formatting cells
Suppose we want to view data in Excel for better presentation and understanding. 
For example, to format values like "EURO":

Formatting 
zone
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Formatting options

Attention!

formatting ≠ rounding !!!



10

Conditional Formatting

We want to highlight cells that have a cost over € 20.00 

Select the cells to 
format
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Conditional Formatting - Result
Choose 
option

In the next window, 
enter the reference 

value and the format 
to stress
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Conditional Formatting - Result
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Conditional Formatting Example

Highlight all grades bellow 6,5
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Concepts

Formulas in Excel

• Formulas in Excel always begin with the “=“ sign 

• The most common elements in the formulas are the operators, 

addresses and constants

• If one cell is part of a formula, when its value is changed, the 

result of the formula will reflect this change 
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Samples of Formulas

formula description

=20+A5 Adds 20 (constant) to the content of A5 cell

=(B1+B2)*5/4 Adds the content of B1 and B2 cells, and multiplies the 
result by 5 and afterwards divide the result by 4

=20*3/2 Multiplies 20 by 3 and divide result by 2

=A1/B4 Divide the content of A1 cell by the content of B4 cell
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Calculation operators used in Excel

Type Operator Examples

Arithmetic + Addition
-  Subtraction
*  Multiplication
/  Division
()  Brackets
%  Percentage
^  Exponentiation

=A4*D5-10+D6/5

=300*(0,8-A5)

=D4*21%
=D5^2

Comparison or logical =    Equal to
>    Greater than
<    Less than
>=  Greater or equal than
<= Less or equal than
<> Different of

Reference : Range of cells between two 
coordinates
; Union (and) between a set 
of cells

A1:C10

B1;B5;B11

Text &  Concatenate =A5*B8 & “ kilos of carrots”
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Rules of operator precedence

The term precedence - priority - of operators or factors refers to the 

order in which Excel performs calculations in a formula. Excel follows 

the following rules of precedence common to mathematics:

1. Expressions in brackets are calculated first

2. Then follows the Exponentiation

3. Multiplication and division are calculated before addition and 

subtraction

4. Operators with the same precedence level are calculated from left 

to right
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Functions and Formulas (definition)

A function is a predefined formula that operates on a value or set of 
values and returns a result.

With functions, we can greatly reduce the work of creating formulas. 
For example:

- formula without a function: = B1+B2+B3+B4+B5+B6+B7+B8
- function formula:               = SUM (B1: B8)

All functions are defined by a name and set of parameters, enclosed in 
brackets. In the previous example, SUM is the function name,   and 
B1:B8 is the parameter.

Attention: “B1:B8” ≠ “B1;B8”
B1:B8 refers to the range of cells from B1 to B8 (8 values)
B1;B8 refers to cell B1 and cell B8 (2 values)
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Conditional SUM: SUMIF(range;criteria;[sum_range])

What to evaluate
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Conditional SUM: SUMIF(range;criteria;[sum_range])

What to compare to
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Conditional SUM: SUMIF(range;criteria;[sum_range])

Where do sum

=SUMIF($B$2:$B$35;G3;C2:C35)
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Average (addresses) - Arithmetic mean of the values on of a set of 
cells. 

Mode (addresses) - Most frequent value (if there is not a more 

common, excel will show “#N/A”).

Median (addresses) - Central value of a set of values. Ex: (2, 3, 5, 
10, 11).

Note:

These functions ignore empty cells, logical values and text.

Statistical Functions - Measures of Central Tendency
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Statistical Functions - Measures of Central Tendency
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Statistical Functions - Measures of Central Tendency
Average subject to a condition: AVERAGEIF(range;criteria;[average_range])



25

STDEV.P (addresses) - Standard deviation of a set of values that 
correspond to the entire population

STDEV.S (addresses) - Standard deviation of a set of values that 
correspond to a sample

VAR.P (addresses) - Variance of a set of values that correspond to a 

population 

VAR.S (addresses) - Variance of a set of values that correspond to a 
sample

Statistical Functions - Measures of Dispersion
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Statistical Functions - Measures of Dispersion
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Maximum and Minimum Functions
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Counting of Cells
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Excel

Logical Functions
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Logical Functions - Introduction

The logical conditions are composed of three words "IF“, 
"Then“, “Else” (If not). In our day-to-day we are using 

logical conditions

If driving at a speed higher than 120 km per hour on the motorway 
then I risk to get a mighty fine, Else I’ll not get a speed limit fine.

If you eat this cake then you will ruin your diet, Else you will keep 
your elegance.

In Excel it is also possible to test logical conditions in 
a cell: IF(logical_test; value_if_true; value_if_false)
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Logical Functions - IF

• =IF ( logical_test ; value_If_True ; value_If_False ) 

• The return values (value_if_True / value_If_False) can be anything (values, 
formulas, references to cells, etc.)

Logical Test

Function Returns 
value_If_True

Function Returns 
value_If_False

True

False
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Logical Functions – AND / OR

• =AND ( condition_1; [condition_2]; [condition_3]; …; [condition_k] )

– Results “TRUE” if all the conditions evaluate to TRUE, otherwise results FALSE

• =OR ( condition_1; [condition_2]; [condition_3]; …; [condition_k] )

– Results “FALSE” if all the conditions evaluate to FALSE, otherwise results TRUE



33

Example:
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Logical Functions – IFERROR

• =IFERROR ( value ; value_if_error )

– Returns value unchanged, except if value is an error; 

• In that case, returns value_if_error

• Ex: 

=IFERROR ( X / Y; “divide by zero” )

 Will normally return the value of X divided by Y; 

  Exeption:

 If Y is equal to zero, then the string “divide by zero” will be returned
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Use the Excel file 1_GDP.xlsx, containing the ratio of real GDP to the average 
population per year, from 2000 until 2019, for each European Country. Data 
was collected from the Eurostat website. 

Based on that data:

1. Find the average of the “per Capita GDP” for each country from 2000 to 
2021.

2. Calculate, by year, the average, mode, median, standard deviation, 
maximum value and the minimum value of the GDP per capita.

3. For EACH YEAR, format the values of GDP per capita so that countries 
below the average (of that year), appear in a different colour.

4. For each country, count the number of years where the GDP per capita 
was above the average of that country.

Exercise 1
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Use the file 2_Sales and Calls.xls. 

Based on that data:

1. In the first sheet, calculate the discount value of 10% for items with cost above 200,00€. 
Use references to the cells containing the discount percentage and the limit value.

2. In the second sheet, calculate the discount value of 10% for items with cost above 
200,00€ or which are tagged in promotion

3. In the third sheet, calculate the discount value of 10% for items with cost above 200,00€ 
and which are tagged in promotion.

4. On the sheet “Calls”, calculate the annual bonus value for each employee, considering that 
if the number of customer calls is equal or greater than 500, the employee gets 5 euros 
bonus per call; if the number of customers customer calls is equal or greater than 350, the 
employee gets 2 euros bonus per call; if the number of customer calls is lower than 350, 
the employee gets “no bonus”.

Exercise 2
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Table Search Functions
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1. VLOOKUP

Vertical search of a value in a table
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VLOOKUP (lookup_value; table_array; col_index_num; [approximate])

Looks for a value in the first column of 
a range and returns the corresponding 
value of another column specified. 
Approximate can have the values 

TRUE or FALSE.

For example:
= VLOOKUP (3375; A2: C21; 3) returns 
" Manager ", ie, the function searched 
in the first column of the range A2: C21 
by the value 3375 and returned the 
contents of the cell that was in column 

3 of that line.
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VLOOKUP

= VLOOKUP (3375; A2: C21; 2) 
returns “5978", i.e., the function 
searched the first column in the range 
A2: C21 with the value 3375 and 
returned the contents of the cell that 
was in column 2 of this line.

= VLOOKUP (3380; A2: C21; 2) returns 
“5978", but the 3380 employee is not 
there, so the function will return the 
largest value that is less than 3380. In 
this case the employee is 3375, so it 
returns what is in column 2 of that line, 

i.e. 5978.
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VLOOKUP

In most cases however, we do not want 
that to happen. Although useful in 
certain situations this approximate 
search can produce unwanted results 
and important information failures. The 
same formula with the parameter 
“approximate” changed to FALSE would 
be:

= VLOOKUP (3380; A2: C21; 2; FALSE) 
returns #N/A, meaning that the function 
did not find the desired value.
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VLOOKUP

1. If "approximate" is TRUE then 1st column (the search 
array) must be sorted in ascending order. Otherwise 
VLOOKUP will give wrong results
If "approximate" is FALSE then the 1st column (search 
array) does not have to be sorted

2. VLOOKUP is not case sensitive
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VLOOKUP

=VLOOKUP( H2 ; A2:F29 ; 2 ;FALSE)

Lookup Value: What 
are we looking for?
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VLOOKUP

=VLOOKUP( H2 ; A2:F29 ; 2 ;FALSE)

Table Arreay: Where 
are we looking?
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VLOOKUP

=VLOOKUP( H2 ; A2:F29 ; 2 ;FALSE)

Column Number: 
Which column has 
the result?
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VLOOKUP

=VLOOKUP( H2 ; A2:F29 ; 2 ;FALSE)

Do we want an 
approximation?
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VLOOKUP (approximate search)

Suppose you want to convert a range of values, for example, grades 
0..20 to classifications A..F:
 =VLOOKUP(B2;$E$2:$F$10;2;TRUE)
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2. HLOOKUP

Horizontal search of a value in a table
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HLOOKUP (lookup_value; table_array; row_index_num; approximate)

Looks for a particular value in the first line of a range and returns 
the corresponding value in another specified line. Approximate 

values can be TRUE or FALSE.

For example: = HLOOKUP (3232; B1: H3; 3; FALSE) returns 
“Manager", i.e., the function searched in the first row of the range 
B1: G3 by the value 3232 and when it is found, returns the cell 

contents that were in line 3 of this column.
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=XLOOKUP(lookup_value, lookup_array, return_array, [if_not_found], [match_mode], [search_mode]) 

Extended Lookup function, available only in the newer versions of Excel.
The XLOOKUP function searches a range or an array, and then returns the item corresponding to 
the first match it finds. If no match exists, then XLOOKUP can return the closest (approximate) 
match. 

With XLOOKUP, you can look in one column for a search term and return a result from the same 
row in another column, regardless of which side the return column is on. Works both Horizontally 
and Vertically. 
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SumProduct
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Lists of values

• Consider the following shopping list:

• To calculate the total value, we must multiply unit price by quantity for every 
line and them sum everything:

1,32 * 113 + 1,85 * 110 + … + 0,48 * 151
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SUMPRODUCT(array1, [array2], [array3], ...)

• The function sumproduct calculates it:
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Date and Time Functions
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Date and Time Functions

Before exploring the functions that Excel offers to make calculations with date and 

time it should be understood the way that Excel works with dates.

Jorge Sequeira (2005), “EXCEL, Guião de Funções para Economia e Finanças”, Escolar Editora, pp. 17 a 47

For Excel there are two systems of dates, the system 1900 and system 1904. 
The system 1900 is what is activated by default in Excel for Windows and the 
system 1904 is activated by default in Excel for Macintosh.

Either one, start counting the days from January 1st. This means that the day 
number one is January 1st, 1900 in system 1900, and January 1st, 1904 in 

system 1904.

Note: It is not very important to know what is the model in use, what is relevant is to understand that every date is 
an integer number representing the number of days since day one, which is either 1900-01-01 or 1904-01-01
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Functions of Date and Time

Dates are represented by integer values. This means that Excel can 
calculate, for example, the difference between two dates, in an 

extremely simple way, just by subtracting two integers.

To better understand this mechanism, you may open an Excel 
spreadsheet and insert a date into any cell. Then format the cell in 
the General format. Notice that the date takes the form of an 
integer value. This value is the number of days from January 1st, 

1900.
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Functions of Date and Time

The time of day is represented by a single value, in this case a real number 
between 0 and 1. For example 0.5 represents noon (12:00).

The corresponding time of day is calculated by the following formula:

This means that if we represent the day 22nd November 2010 at 14h 35m 
22s, this moment is represented by 40504.60789

For example:

340277778,0
1440

10

24

8
108 =+=mh

86400

seconds

1440

minutes

24

hours
++=value

Note: You do not have to remember these calculations, because Excel has specific functions to 
perform them, as we will see further on.
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Date and Time Functions

TODAY (system date);
NOW (date and time system);
DATE (integer value of a date);

DAY (between 1 and 31: number of the day from a given date);
WEEKDAY (weekday);

MONTH (between 1 and 12: month number from a given date);

YEAR (year number from a given date)
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Today: system date
=TODAY()

The function takes no arguments

When the function is inserted into a cell, Excel returns the system 
date. But it is not updated automatically.

If on November 22nd, 2019 the user activates function TODAY():

=TODAY() returns 22-11-2019

The cell will be updated when the spreadsheet is recalculated in its 
entirety, which occurs in two situations:
1. When you press F9 to force recalculation of entire worksheet;

2. Whenever you change the value of any cell.
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Now (date and time system)

=NOW()

The function takes no arguments

When the function is inserted into a cell Excel returns the system 
date and time. The date and time of the cell will not be 
automatically updated.

If on November 22nd, 2019 by 15 hours 55 minutes and 35 seconds 

the user activate the function NOW():

=NOW() returns 22-11-2019  15:55:35

The cell will be updated when the spreadsheet is recalculated in its 
entirety, which occurs in two situations:
1. When you press F9 to force recalculation of entire worksheet;

2. Whenever you change the value of any cell.
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Date (integer value of a date)

=DATE(year;month;day)

This function returns the integer value corresponding to a certain 
date. It is useful when you want to handle directly the value of date 
in the system corresponding date.
Often this function turns out not to be necessary because when you 
insert a date into a cell that is immediately converted to its integer 
value, but sometimes it becomes necessary to incorporate the 
entire value of a date calculation expressions or VBA programs that 

involves knowing the value of the entire date. 

=DATE(1950;5;19) returns 18402
=DATE(2015;12;25) returns 42363
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IMPORTANT NOTE

In the following functions: 

 DAY, WEEKDAY, MONTH and YEAR

the serial number can be represented by integer 

value date, e.g. 40441, quoted date as "20-09-2015" 

or by reference to the cell that contains the date
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Day (between 1 and 31 days of the entire value of a date)

=DAY(serial number)

This function returns the day (between 1 and 31) corresponding to 

a certain date.

The date can be specified by its integer value, by the date 
quoted or the address of the cell that contains the date in 
the format DD-MM-YYYY

=DAY(18402) returns 19 [remember that =DATE(1950;5;19) returns 18402]

=DAY(“21-09-2015”) returns 21
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Weekday (weekday)

=WEEKDAY(serial number; return_type)

This function takes an integer value or date and returns a value 
between 1 and 7 corresponding to the week in accordance with the 
following correspondence:

=WEEKDAY(42330) returns 1 [means that day 22/11/2015 is Sunday]

return type = 1 or non specified return type = 2 returne type = 3 
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Month (between 1 and 12 months of an integer value from a date)

=MONTH(serial number)

Or
–MONTH (“20-09-2015”)
Or 
–MONTH(42267)
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Year (year of an integer value of a date)

=YEAR(serial number)

Or
–YEAR (“20-09-2015”)
Or 
–YEAR (42267)
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Some time functions

= TIME (hour; minute; second) gives as result the number of 
time series

 
 Ex: = TIME (15;30; 0) gives as result 0,645833333
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Age
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To Sum days to dates

Calculate the date of due 
payment.

Do not forget to format the cell 
with Days to Payment as General.
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Use the Excel file 3_Salary Sheet.

Based on that data:

1. The base salary is calculated based on the employee category on the 
Constants sheet

2. The seniority bonus is calculated considering a percentage of the base 
salary for each complete year in the company. The percentage is in the 
Constants sheet.

3. The lunch allowance is a value for each working day but the absent days 
will have to be deducted. All values are in the constants sheet.

4. The Social Security tax and IRS are calculated from the base salary plus 
the seniority bonus. The lunch allowance is exempt from all taxes. 

5. Fill in the statistical map on the Stat Map sheet, based on the Net Salary

Exercise 3 – Salary Sheet
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Text Functions
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LOWER, UPPER, PROPER

Column B contains the text you want to format:
1. All Uppercase - UPPER (Text)
2. All in lowercase - LOWER (Text)
3. All the words start with capital letters - PROPER (Text)
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TRIM (text)

Column B corresponds to the import of a text file that contains
multiple spaces between words, that we intend to remove

The trim function (text) removes spaces in a text, leaving
only one space between words
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SUBSTITUTE(text; old_text; new_text; [instance_num])

Column B corresponds to the import of a text file where we want to replace
the words ”Intruduction to" with ”Introductory"

The function SUBSTITUTE (text; old_text; new_text; instance_num)
replaces old_text by new_text in text.

If instance_num is specified, only the occurrence instance_number in text
is changed;

If instance_num is not specified all occurrences are replaced
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EXACT (text1; text2)

Column B corresponds to the import of a file, and column C to the
import of another file. The aim is, for each line, to check whether
the occurrences are equal

The function EXACT (text1; text2) compares two values, returning
TRUE if they are exactly the same and FALSE otherwise. This function
is CASE-SENSITIVE
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CONCATENATE(text1; test2; [textn]; ...) or
text1&test2&…[testn]

Suppose we want to add a new column with the class number and
name

The function CONCATENATE (text1; [text2]; ...) joins up to 255 
strings and/or numeric values in a single string.

“&” does exactly the same.
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CONCAT (text1, [ text2, ... text_n ])

Suppose we want to compose the name of a person from their 
individual characters and from the individual names of their birth 
city

The function CONCAT (text1, [ text2, ... text_n ]) concatenates a list or 
range of text strings.
The advantage of CONCAT over CONCATENATE is that CONCAT allows 
ranges

NOTE: See also “TEXTJOIN” function, when available
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LEN (text)

We want to count the number of characters in a string

The LEN (text) returns the number of characters in a string
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LEFT (text; numchar) and RIGHT (text; numchar) 

Extract numchar characters from text starting from the LEFT or
from the RIGHT.
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FIND (find_text; within_text; [start_num])

This function searches the string find_text inside another string 
within_text and returns the position where it was found. It starts 
searching from position start_num (1 if omitted) 
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MID (text; start_num; num_chars)

Returns a specific number of characters from text, starting at 
start_num, with length num_chars.

Functions MID, LEFT, RIGHT, LEN, and FIND, when applied 
together, allow a reasonable ability to manipulate characters 
in Excel.
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=TEXTBEFORE(text; delimiter; [instance_num]; [match_mode]; [match_end]; [if_not_found])
=TEXTAFTER(   text; delimiter; [instance_num]; [match_mode]; [match_end]; [if_not_found])

Where to search What is the delimiter Occurrence Case Sensitive Until end of text When not found

Example:
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Use the Excel file 4_TextFunctions, containing a list of names.

Based on that data, fill the columns with formulas to get the desired values

Exercise 4 – Text Functions
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Text functions

They are used normaly to manipulate data imported from
external sources or to format data

• Converting data types (eg text to numeric)

• Change data format (eg convert text to uppercase)

http://office.microsoft.com/en-us/excel-help/list-of-worksheet-functions-by-category-
HP010079186.aspx#BMtext_functions
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TEXT (value; format_text)

Column A corresponds to a numeric value and a date.
It is intended to convert these numeric values in a more readable 
format

TEXT function (value, Format_text) converts numeric values
in a set of characters in the specified format
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VALUE (text)

Column A corresponds to the import of a file in text format.
It is intended to obtain from this text the numeric numeric value
and put it in column B

The function VALUE (text) takes a set of characters in 
numerical value. If the text is not "convertible" is returnes 

#VALUE!
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Information functions
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Information functions

Are routinely used to validate the contents of a cell

Consider the following student assessment table

http://office.microsoft.com/en-us/excel-help/list-of-worksheet-functions-by-category-
HP010079186.aspx#BMinformation_functions
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ISBLANK (value)

Suppose we want to fill the column “Final” with the string "-----" if  
the cell “2nd test” is blank or to leave it blank otherwise 

Function ISBLANK (value) returns TRUE if the cell is empty 
and FALSE otherwise
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ISBLANK (value)

Now we want to fill the column “Final” with "-----" in case of cell “2nd test” 
is blank or “1st Test” <9.5. Otherwise, 

Final =40%*ALS+60%*Exame 
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ISTEXT(value)

Now we want to fill the column “Result” with the string “Fail” if 
“Final” is a string and leave it blank otherwise

Function ISTEXT (value) returns TRUE if value is a text and 
FALSE otherwise
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ISNUMBER(value)

Now we want to fill the column “Result” with "Approved" if “Final” is 
a number >= 9.5 and "Fail“ otherwise 

Function ISNUMBER (value) returns TRUE if value is a 
number and FALSE otherwise
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ISERROR(value)
IFERROR(value; value_if_error)

Function ISERROR(value) returns TRUE if there is an error 
(#N/A, #VALUE!, #REF!, #DIV/0!, #NUM!, #NAME?, Or #NULL!) 
And FALSE otherwise
Function IFERROR(value; value_if_error) returns value or, if
value contains na error, returns value_if_error
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Pivot Table
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Pivot Table

The value fields are 
the ones where we
can apply maths or
stat functions
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Pivot Table

Several agregation
functions available
here

Condition

Condition

The rows and columns fields 

provide a condition to the value 

field, which sums them up.
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Pivot Table

Several agregation
functions available
here

1st Condition

2nd Condition

We can set two conditions in 

rows for example, to the value 

field, which sums them up, 

allowing drill-down to dig into 

the values 
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Pivot Table
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Excel Tables

Excel tables are a powerful way to automate some functions to manage data
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Format as Table

On the Home Menu, choose:
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Result

New menu with specific table functions
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Adding a column:

Formatting is 
automatic
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Inserting a formula:

Autofill is automatic



104

Power Query

Power Query is a useful tool to manage data transformation and loading
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Loading Data
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Load Powerquery
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Transform Data
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Split a Column
The steps are recorded…
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Split a Column
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Other Transformations

• Remove unwanted columns

• Remove unwonted text

• Change text into numbers

• rename columns, etc.

• …
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Unpivot columns
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Unpivot - Result
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Finish by loading the data
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Use the Excel file 5_Students, containing the student’s information and 
grades.

Based on that data:

1. On the sheet “students details” fill in the age of the students and their 
names. Format the Table “as a table”.

2. Create an email address for each student in the domain ”mim.ulisboa.pt”, 
appending the first name initial, dot last name. For example, for Angeline 
Baird, her email address should be “a.baird@mim.ulisboa.pt”

3. In the sheet “Grades”, create a new column with the name of the Class 
and another with the student's name. Use “Format as Table”

4. Create a Pivot-Table to analyse grades by different perspectives. 

Exercise 5 - Students
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